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Analysis of Eutrophication Based on Chlorophyll-a, Depth and Limnological Characteristics
in Korean Reservoirs. Kim, Ho-Sub and Soon-Jin Hwang* (Department of Environmental
Science, Konkuk University, Seoul 143-701, Korea)

The present study was conducted to analyze the pattern of eutrophication of Korean
reservoir with Chl. a concentration and morpho-physical parameters, and to
evaluate water quality characteristics of the classified types. The collected data
from 486 reservoirs were classified as four types, with the Chl-a concentration (25 ug
L) and the ratio of water storage/surface area (mean depth, 7.5m). According to
OECD criteria and trophic state index based on Chl-a concentration, 34.3 and 72.8%
of selected reservoirs appeared to be eutrophic, respectively. Characteristics of
TYPE Il reservoirs generally showed high Chl-a concentration, relatively old age,
small DA/LA ratio, short Hydraulic retention time, large paddy field and field to
watershed ratio, and high pollutant loading compared to other types of reservoirs.
The difference of TP concentration was greater than that of TN concentration in
reservoir water among classified four types. Based on TN/TP ratio (by weight),
phosphorus was limiting nutrient in all types and more closely related with Chl-a
concentration than nitrogen. Significant decrease of Chl-a concentration with
increase of TN/TP ratio observed only in reservoirs with Chl-a concentration > 25
Mg L' Although drainage area is believed to be a factor that is related to the
generation load of pollutants in the watershed, it did not show any significant
relationship with water quality parameters. Morphometric characteristics such as
depth and age of reservoir as well as type of land use patterns in the watershed was
among important parameters for the assessment of water quality characteristics in
Korean reservoirs.

Key words : eutrophication, morpho-physical parameters, mean depth, DA/LA, land
use, generation load of pollutants, water quality
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Fig. 1. Trophic state of study reservoirs by OECD criteria
and TSI based on Chl-a concentration. Numbers
in parentheses indicate relative abundance (%).

Table 1. Morphometric and hydraulic characteristics in study reservoirs.

Available Reservoir Drainage area - Hydraulic
water storage (WS) surface area (LA) (DA) Age of reservoir retention time (HRT)
10°m®  no. % ha no. % ha no. % yr no. % day no. %

Range <500 15 31 <10 42 8.6 <100 2 04 <1930 14 2.9 <30 107 220

~1,000 114 235 ~20 133 274 ~500 102 21.3 ~1940 12 2.4 ~50 91 188

~2,000 195 401 ~30 97 200 ~1,000 136 283 ~1950 69 14.2 ~60 78 16.1

~3,000 60 124 ~40 49 101 ~2,000 140 29.2 ~1960 79 16.3 ~70 74 152

~4,000 32 6.6 ~50 40 82 ~5000 68 142 ~1970 82 16.9 ~80 43 8.9

~10,000 39 80 ~60 26 5.3 ~10,000 18 37 ~1980 84 173 ~100 46 9.5

~20,000 11 22 ~100 53 109 >10,000 14 29 ~1990 88 181 ~200 33 6.8

>20,000 20 41 >100 46 9.5 >1990 58 11.9 >200 13 2.7

Total 486 100 486 100 480 100 490 100 485 100
Min. 180 3.0 81 1922 12.2
Max. 82,892 2,732 48,800 1998 310.4
Avg. 3,247 85.9 2,057 1959 735
Median 1,395 36 966 1958 65.4
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Fig. 2. Comparison of morphometric and hydraulic char-
acteristics in classified two types by OECD crite-
ria of Chl-a concentration (25 pug L™). DA and LA
denotes drainage area and reservoir surface area,
respectively.
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Fig. 3. Classification of reservoirs based on OECD cri-
teria of Chl-a concentration (25 pug L™) and mean
depth (7.5 m).
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Fig. 4. Morphometric and hydraulic characteristics in
classified four types by OECD criteria of Chl-a
concentration and mean depth of 7.5 m. DA and
LA denotes drainage area, reservoir surface area,
respectively.
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Table 2. Comparison of morphometric and hydraulic characteristics in classified four types by Chl-a concentration and
mean depth (Z) of 7.5 m. DA, LA, age and HRT denotes drainage area, reservoir surface area, age of reservoir and
Hydraulic retention time, respectively.

TYPE | 1 11 v
Chl-a <25 >25 >25 <25
z <7.5m >7.5m >7.5m >7.5m

HRT Age DA LA DA/LA HRT Age DA LA DA/LA HRT Age DA LA DA/LA HRT Age DA LA DAILA
Unit day year ha ha ratio day year ha ha ratio day year ha ha ratio day year ha ha ratio

Min. 18.7 1923 156 7 13 1221922 81 4 18 16.7 1944 25 53 242 193 1937 125 5 6.7
Max. 3749 1998 336,4473,460 228.6 310.4 1998 48,800 2,732 475.0 68.8 1998 21,880 79 277.0 144.8 2000 14,960 780 216.7
Avg. 5562 1963 1,006 25 654 6811958 1,002 39 24.6 432 1974 664 14 543 456 1984 1,040 19 491
Median 68.4 1966 4523 98 444 7691958 1970 90 352 424 1971 1966 16 842 50.2 1980 1,962 48 556
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Table 3. Correlation coefficients of relationships between generation loads of pollutant (BOD, TN and TP) per watershed
area and its concentration in water column. P, NP, and N+ NP denotes point source, nonpoint source and
point+-nonpoint source, respectively.

TYPE I TYPE II TYPE 11 TYPE IV
Source Unit BOD TN TP BOD TN TP BOD TN TP BOD TN TP
mgL? mgL* mgL* mgL? mgL*mgL™® mgL™? mgL™? mgL™® mgL*mgL™* mgL™?
BOD 0.22" 0.45" 0.25 0.34"
P TN 0.17" 0.56" 0.62" 0.24™
TP 0.22" 0.54" 0.28 0.17
BOD -0.07 -0.06 0.52" 0.20
NP TN kgday™*km™ 0.03 0.11 0.58" 0.17
TP -0.42 -0.02 -0.11 0.11
P+NP BOD 0.07 0.50" 0.26 0.40™
TN 0.15" 0.56™ 0.68™ 0.27"
TP 0.11 0.54" 0.28 0.21"
"P<0.05; " P<0.01.
Point source Non-point source Point+Nonpoint source
—— Median value
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Fig. 6. Comparison of BOD, TN, TP generation load per watershed area in classified four types by Chl-a concentration
and mean depth of 7.5 m.
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Fig. 7. Comparison of BOD, COD, SS, TN, TP concentra-
tion and TN/TP ratio (by weight) in classified four
types by OECD criteria of Chl-a concentration
and mean depth of 7.5m.
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Table 4. Correlation coefficients of relationships between
Chl-a concentration, type of land use, morpho-
metric characteristics and water quality para-
meters in classified four types by Chl-a concen-
tration and mean depth (Z) of 7.5 m. DA, LA,
age, PFA, UFA, and FOA denotes drainage area,
reservoir surface area, age of reservoir, paddy
field area, upland field area and forest area,
respectively. Parenthesis indicates number of
reservoirs analyzed.

TYPE BOD COD SS TN TN/TP TP Chl-a

Chl-a 0.28" 0.46™ 0.23™ 0.25™ 0.435™-0.09
Age 017" 0.22” 0.03 -0.02 -0.024 0.14 0.15
| DAL -0.197-0.28"-0.09 0.14 0.166"-0.19" -0.05

(187) z -0.15" -0.277-0.207-0.09 0.079 -0.30" -0.16"
PFA/DA 0.21" 0.31" 0.26™ 0.367-0.069 0.40" 0.27"

UFA/DA 0.23" 0.40™ 0.27" 0.12 -0.137 0.32" 0.18"
FOA/DA-0.337-0.47"-0.29"-0.20™ 0.140 -0.44" 0.31"

Chl-a 0.60” 0.62™ 0.61" 0.46™ 0.69™ -0.11

Age 0.25™ 0.22” 0.29” 0.05 -0.23" 0.22” 0.32"
, DADL -0.17"-0.15 -0.11 0.06 0.10 -0.06 -0.03

7 -0.28" -0.28

z -0.38™-0.33"-0.28"-0.27" 0.10

(151) pFA/DA 0377 0.30™ 0.24™ 0.397-0.18° 036" 0.23"
UFA/DA 0.17° 0.13 0.26" 0.20°-0.20° 0.24” 0.15
FOA/DA-0.28"-0.23"-0.26"-0.31" 0.23™ -0.35" -0.24™
Chl-a 0.75" 0.64™ 0.66™ 0.50° 0.56" -0.26
Age 035 0.61° 058 058 -0.05 050 051"

i I_DA/DL 006 0.39 020 009 -0.18 0.04 0.26

(16) Z -0.07 022 011 -0.06 -008 -0.14 004
PFA/DA 0.69” 0.72” 0.93” 0.967-0.12 0.94™ 0.45
UFA/DA 0.81" 0.75™ 0.86™ 0.81™-0.07 0.83" 0.77"
FOA/DA-0.79"-0.78"-0.94"-0.92™ 0.10 -0.92" -0.67"
Chl-a 0.38" 0.39” 0.33" 0.18 0.33™ -0.15
Age 020" 0.16 0.30™ 0.34™-0.03 0.30™ -0.07

v DA/DL -0.13 -0.13 -0.06 -0.07 -0.03 -0.08 -0.02

(132)2 -0.02 -0.11 -0.14 0.04 -0.06 0.01 0.02

PFA/DA 0.15 0.23" 0.28" 0.337-0.11 0.36" 0.21"
UFA/DA 0.26™ 0.32” 0.27™ 0.287-0.15 0.39" 0.23"
FOA/DA-0.277-0.29"-0.23"-0.31" 0.14 -0.34" -0.22"

P<0.05; " P<0.01.
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Table 5. Summary of relationship among trophic state,
morphometric characteristics, type of land use,
pollutant loading and water quality in classified
four types by OECD criteria of Chl-a concentra-
tion and mean depth (Z) of 7.5 m. DA, LA, age,
HRT, PFA, UFA, FOA, P, NP and N+ NP deno-
tes drainage area, reservoir surface area, age of
reservoir, Hydraulic retention time, paddy field
area, upland field area, forest area, point source,
nonpoint source and point--nonpoint source,
respectively.

. TYPE
Characteristics ~ Parameters
| 11 111 v
Trophic state High Low
LA Large Small
DA Large Small
Morphometric Age old Young
factors z
DA/LA Small Large
HRT Short Long
T fland PFA/DA Large Small
i):1 p\(/avgte?snhegse UFA/DA Large Small
FOA/DA Small Large
Contribution on P High Low
generation loads NP High Low
per watershed area p-++NP High Low
Water quality Chl-a High Low
TP/TN Low High

Fuhs, 1969; Davis, 1970; Rhee, 1973), &2 2§ ZEo|
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