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ABSTRAC[r

  Trophlc state of severai major reservoirs in Korea are reviewed. Most
of large reservoirs are mesotrophic to eutrophic, sufferiRg bluegreen
algal blooms. Recently many reservoirs are being eutrophied at high rate
mainly due to the increase of excretion by livestock in watershed and
netcage-type fishfarms within the lake basins,
  The trophic state changes of Lake Soyang, from oligotrophy to eutrophy
ln recent 10 years, are presented as a case study of rapld eutrophication.
Chlorophyll a concentratlon increased from ca. 3mg/m3in early 1980s to 15
mg/miin l989. The dominant phytoplankton species in summer are changed
Erom Pertdlnium to Anabaena stnce 1986 and the standing crop of Anabaena
has been increasing. Secchidisc depth decreased from 5 to lm. TP
lncreased from 7 to 20 mgP/m3. The rate of hypolimnetic oxygen deficit
lncreased year to year Erom O.028 mg02/cm2/day in 1986 to O.094 in l989.
  Fishfarms within the lake are the major phosphorus source in Lake Soyang

exceed±ng the total phosphorus loadins from the watershed. This high rate
of eutrophication is expected to persist in next decade.

KEYWORDS:eutrophieation, tish fancm, phosphrous, rJake Soyang,
          oxygen deficit

INTRODUCTION

  Recently many muitipurpose-reservoirs have been constructed in Korea and
plays the major roie as the water resources. In the past, oniy small

ponds and earth dams were bu±lt to store water for irrigation. In the
early l960s, municipal and industrial water demands rapidiy increased due

to the ±ndustrializtion. Since I970s, many reservoirs have been built to
meet the increasing water demaRd and replaced rivers as the major water
resources
  Large reservoirs are usually constructed at deep cannyons in the upper-
mid styeam region and have dendritic shape. As can be supposed from their
long and narrow shape, horizontal mixlng of water is fairly limited. And
the horizontal heterogeneity of temperature, water quality, and phyto-
plankton density are observed(5,6).
  [Dhe seasonal variations of rainfaH is large. About 2/3 of annual
precipitation, average 1200 mm, are concentrated in the season of summer
wet monsoon. In rainy season mest of precipttatioR is lost to the sea as
flood runoff. To store this lost water is the major role of large

reservoirs in Korea primar±ly £or the water suppiy and secondarUy for the
flood control. The water level of the reservolrs fluctuate very much
seasonally, lowest just before the rainy season to prepare for the flood
control. Wide range of water Zevel fluctuation, up to 30m in Lake Soyang,

suppresses the development of macrophyte populat±on in littoral zoRe,
which means autochthonous organic production is performed only by phyto-
plankton.
  Recently, most of the major reservolrs have some symptoms tlndicating 2t

is getting eutroph±ed; the iRcrease of chlorophyll a (8) and total phos-
phorus, the decrease secchi disc transparency, the advent of anoxic layer
in hypolimnion(9), and the expanding blue green algae blooms (2).
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Table l. Trophic state parameters ±n major reservoirs in Korea. Average
of surface 5m in summer period, from April to October (2,8,12)

Lake Yea' ,.,9:l, ,.,TZ,, ,2?,XE8V,;,9i8gy,C?rg8.iY･gR2i･$ge(:;9

Soyang

Paro

1981
1982
1983
1984
l985
1986
1987
1988
1989
1990

1987

2.7
3.9
 2.1
 3.l
 3.l
 2.8
 5.0
 4.6
 9.2
14.5

7.4

8

12
14
I3
l8

18

4.4
4.2
4.5
4.0
3.8
4.6
3.3
3.6
2.7
2.0

l.4

875
597
824

409

29

5.5

O.75

O.20

Chuncheon 1981
          1982
          l987

1.7
1.3
4.6

11

12

2.5
4.2
2.2 367

1.3 O.04

Euiam 1981
1982
1987

2.8
2.S
5.5 l5

2.6
3.2
2.2 375

O.6 O.Ol

Paldang

Chungju

1987
1988

1986
1988

8.2
6.3

6.2
3.2

15
l2

16

l.4
2.9

2.6
4.3

798

1028

2.4

27

O.Ol

O.60

Daechung 1989
l990

4.5
4.2

24
14

2.3
2.6 648

8.I O.28

Youngsan

Andong

1989

1987

22.9

7.5

143

25 2.6

1.8

12.5 O.9

THE TROPHIC SIrA[IrE OF MAJOR RESERVOrRS

  The water quality data of reservoir used to trophic state classl£ication
are shown in Table 1; the surface average chlorophyll a, total phosphorus,
secchi dlsc transparency, and primary prouctivity during the summer
period, from April to October. By the criteria for trophrkc state classi-

£ication (l,3,13,14) reservo±rs introduced in this study caB be classi-
fied as mesotrophic to eutrophic lakes. Reservoirs on the upstream part
of river are usualiy mesotrophrkc and those on the downstream part, such as
Lake Yungsan, are more eutrophic. Chlorophyll a, total phosphorus concen-
traion and secchi disc transparency should be given rnore weight in the
determination of trophic state than primary prodttctivity, because the
primary prodetivity have larger seasonal variation and the measurements
were not frequent enough to estimate annual production. However,
according to the criterion of Likens(IO) who suggested somewhat lower
boundary for primary productivity, 300 mgC/m'lday as the upper limits for
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Table 2. Phosphorus loading from the watershed and fishfarms into Lake
Soyang, Lake Chungju, and Lake Daechung (Kim, unpublished data) and the
amount of phoshorus discharged from three sources in the watershed. The
rate of delievery from the source to lakes are assumed same for three
sources.

Sources Sources Pinput lnto lake(tP/yr)
in the
watershed L. Soyang L. Chungju L. Daechung

Frkshfarm
Watershed

90
45

129
l69

 69
146

Livestock
Man
Land

3

38
4

I39
 20
 10

128
 l2
  6

Total 135 298 214

Lp(gP/m21yr) 3.1 3.1Lc(gP/m'/yr) excessive 1.7 1.8
4.6
1.9

oligotrophy, and 600 mgC/m2/day as the lower limits for eutrophy, Lake
Paro, Chuncheon, and Euiam are mesotrophic, and Lake Soyang, Paldang,
Chnngju, Daechung are eutrophic.

[l]l{E SOURCES OF PHOSPHORUS

  Large reservoirs in Korea has two major sources of phosphorus: the
loading from watershed coming through the inflowing rivers and fishfarms
within the lal<e (Table 2). The phosphorus loading from the watershed

largely originates from livestock £arming; cows, pigs, hens, carp, and
trout. The netcage-type fishfarms within lalces are large in scale and
have been the second maJ'or phosphorus source since mid l980's. Their
loading are so great that they are comparable to the rest whole loadrkng
from the watershed and sometimes even surpa$s it in some lakes.
  The increasing demand for meat forced to import the raw material for
feed of livestocl< from foreign countries; corn, bean, wheat, and dried

flsh. In a balaRced ecosystem the nutr±ents excreted by anlmals are
returned to the soil or plants where they originated from. But ln Korea
they cannot be returned because most of feeds are imported, and they are
flushed into lakes and cause eutrophicataon. Therefore the major reason
of eutrophication in Korea is the overproduction of meat in excess of the
environmental capacity.

A CASE STUDY OF RAPII]) EUTROPHICATION; LAKE SOYA}slG

Eutrophication and the change of phytoplankton community

  I.ake Soyang is a long and narrow dendritic lake with the length of 60km,
the mean width O.5 km, the maximum depth ll5 m and the mean depth 34 m.
[rhe mean hydraulic residence time is O.75 year, which is one of the
longest in Korea. It receives little municipal sewage from the watershed
because it has only a few small towns in the watershed. It was an
oligotrophic Zal<e in 1970s, famous for its high transparency. However,

recent reports(8) remarked the progress of its eutroph±cation.
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Fig.1. The seasonal variati6n of chlorophyll a concentration in Lake
Soyang showing rapid increase in recent years (average oE suriace 5m).

  Fig.l shows the seasonal variation of chlorophyll a concentration for IO
years, showing that water blooms occur frequently in recent years and the
chlorophyll a concentration has been increasing from summer average of 3
[Ln 1981 to 15 mg/m3 in 1989 at the rate of O.Iimg/m3/yr. LVith the eutro-
phication the dominant phytoplanl<ton species has been changed. Peridinlum

bipes, the previous domlnant spec±es in warm seasons has been replaced
with Anabaena ln late summer since l986, ancl the dominance o£ Anabaena
iRcreased every year. Bluegreen algae showed rapid incTeasing trend since
1986, while other groups, diatoms, green algae and dinoflagellates
remained at the similar level of standing crop during the study period, as
shown in Fis.2.
  Blooms of bluegreen algae caused the increase of chlorophyll a conceili
tration and the decrease of secchi disc transparency. Secchi disc
transparency, 4 to 6 meters in the early 1980's even during ehe blooming

seasons, decreased to lm in bloomlng season o£ l990.

Changes in the rate of hypolimnetic oxygen deficit ･

  Aiso, the trend of oxygen decrease in Lal<e Soyang seems to be a re$ponse
to the environrnental change toward eutrophication. The advent of large

anoxic layer in 1988 makes an epoch in the history of eutroph±cation of
Lake Soyang(9). Xts volume is increasing year to year.
  The geReration of reduced gases abn anoxic zone such as methane and

hydrogen sulfide is obvious from the smell o£ the sampZes, though not
measured in this study. The formation of anoxic hypolimnion with low
redox potential might aceelerate eutrophrkcation further due to the

±ncrease of internaZ phosphorus loading from the sediment by incraasing
the solubillty of inorgan±c phosphorus in the sediment. Dissolved
iRorganic phosphorus and ammon±a are aMmost depleted rkn the epilimnion,
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Fig.2. [rhe monthly variations of the cell denstty of four phytoplankton

groups in Lake Soyang showing the increastng trend o£ bXuegreen algae.

but the anoxic hypolimnion are rich IR DXP and ammon±a, wh±ch ±mplies the
possthUity of nutrients supply lncrease during turnover (9).
  And the rate of hypolinmetic absolute oxygeR deftcit(I{ODR) (15) has been

increasing year to year (Fig.4.). Hutch±nson(4) proposed the classi-
ficat±on of trophic state by the HODR; oligotrophy for below O.O17
mg/em21day, and eutrophy for larger than O.e33mg/cm2/day. Mortimer(11)
sttggested different criterion; O.025mg/cm2/day a$ the upper limit for
oligotrophy, and O.055 mg!cm2/day as the lower limits for eutrophy. Lake
Soyang could be classified eutrophic since 1987 according to the criterlon
of Hutchinson(4), and since l988 according to }6ortimer(ll).
  Water temperature distyibutions are not presented in this paper,
however, warm winters of recent several years resulted iR incomplete
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Fig.5. The variation of total phosphorus concentration ln Lake Soyang.

vertical circulation during the winter turnover and it seems to have
enhanced the DO decrease further. The water temperature during the
turnover was 4.80C ±n the winter of 1986, 4.SOC in i987, but it was 5.00C
in l988, and 5.20C in 1989.

Phosphorus ioading and the contrtbutrkon of fishfarms

  [rhe eutrophication oE Lake Soyang is obviously caused by the increse of
phosphorus loading which is the limiting Rutrient for algal growth. The
reported high ratio of TN/[I]P, 150 in l987, and the high nitrate concen-
tratlon all through the year (9) impltles nitrogen can not be the limiting
nutrient. Total phosphorus concentration in Lake Soyans showed rapidly-
incraseing trend, as shown in Fig.5. (9),
  The phosphorus loadiRg into Lake Soyang can be classified into two major
sources: the loadabng from the watershed coming through the'inftowing

streams and the excretion by f±sh in the net-･cage type fishfarms within
the lake directly into the lake water, Because the watershed of Lal<e
Soyang is sparcely populated (about 60,OOO persons) and the population is
decreasing, human release of phosphorus is negligible and is not thought
to have increased so much, Most of watershed-origin phosphorus comes from

the excretion of l±vestock and the 'agricultural fertiltzer. However, it
ls not thought to have increased much because most of watershed is

mouta±nous d±strict and the agricultural activity is low. In this study
the phosphorus loading from the watershed, 4S tPlyr in 1985-1986, was

calculated by measuring the total phosphorus content in the main inflow±ng
stream, the Soyang River.
  The second source is the fishfarms within the lalce. In this study the

phosphorus load±ng from fishiarms were calculated by multiplying the P
excretion per unit amount of feed and the total amount of feed used in
Lal<e Soyang. Though the exact data of the amouRt of fishfeed application
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is lacklng, tt was estimated to be about 2000 tlyr iR I985 and increased
to about 5000 t/yr in 1989. The phosphortts content of fishfeed vartes
from 1.3% to 3.3% with the content of drSed fish and lnorganic phDsphate
and of course phosphorus release per unit amount of feed varies with P
content. P conteRt ls higher in Korea, average 2.0Y<, than other countries

because lower lim±t of P content, 1.2%, ±nstead of highest limit is
established by the law. In thls study l8g of P 'excretion per kg of feed
was applied.
  Table 3, shows the phosphorus input Srom the watershed and the fishfarms
at the level of 1985 and 1989. Phosphorus input from flshfarms increased
rapidly in recent years and exceeds that of watershed. The phosphorus
loading is compared with the critical phosphorus loading for eutrophi-
cation by Vollenweider's model. !r･Jithout the £ishfarms the phosphorus
loading of Lake Soyang would be smaller than t･he excessive loading and

larger than the permissible loading. But with the loading from fish£arms
added, it is much larger than the excessive loadimg. Therefore, it can be
concluded that the fishfarms are the niajor cause of eutrophication in I.ake
Soyang.

PERSPEC[['IVES IN THE NEAR FU[rURE

  Most of large reservoirs are expected to be much further eutrophied in
near future mainly due to the fishfarms and livestocks. To meet the
increasing demand the production of trout and carp is sure to increase.
The importance of fishfarms as a pollutant source is just beginning to be
recognized by government officials. But they are not controlled effec-
tively untU now due to the lack of approapriate regulations and the

offic±als' lack of Reccessory knowledge. Fishfarms should have licence
for the establishment, but the number and area oE fishfarms began to be
limitted in only a few lalces since 1989 and the amount of production is
not controlled at all. The excessive phosphorus content in fishfeed is

not controlled e±ther, but even the lower limit is set by the fishfeed act
declaring that phosphorus content should be higher than l.2%.
  It will take several years for the government officials to establlsh
approaprlate reguZations to control water pollution by fishfarms. And
aEter that most of fishfarrns established Sn recent years will last for
about 7 to 9 years from now untU the expiration date of their licences
that are issued in 10 years unit. Even if Eishfarms are controlled, the
internal phosphorus loading' from the slowly-decoinposing feces sedimented
at the lal<e bottom would supply much nutrieitts for fairly long period.
Therefore fishfarms in Korea are expected to have effect upon the eutro--
phication for at least 2Q years from now.
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