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This study were to evaluate trophic conditions, N: P ratios, and empirical relations of
chlorophyll (CHL) systematically using TN, TP, and CHL values in agricultural reser-
voirs and drinking water supplying dams. During the study, nutrients and CHL varied
depending on seasonal conditions and types of the reservoirs, but most reservoirs were
diagnozed as eutrophic to hypertrophic. Mass ratios of TN : TP averaged 93.1 (range:
0.68~ 1342) and about 96.6 % of the total observations (n=516) was >17 in the N: P ra-
tios. This result suggests that P was a potential factor limiting algal growth in the en-
tire reservoir. Thus, TN : TP ratios were a function of phosphorus rather than nitro-
gen. Regression analysis of log-transformed N : P ratios against TP in DWDRs and
ARs showed that ratios were linearly declined with an increase of TP (R2>0.66; p<
0.001). Seasonal mean CHL was minimum (4.3 pg L™, range: 0.1~39.7 ug L™") in premon-
soon, and was similar between the monsoon and postmonsoon. In contrast, one of the
tremendous features was that values of CHL was greater in the ARs than DWDRs. Thus,
the spatial and temporal patterns in CHL were similar to those of TP but not TN. Em-
pirical models of CHL-TP showed that CHL variation could explain average 15.3%
and 11.3% in DWDRs and ARs, respectively. Seasonal analysis of empirical models
showed that CHL-TP relations were stronger in postmonsoon than those of premon-
soon and monsoon.
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It was reported almost 18,060 agricultural reser-

INTRODUCTION

Recently, the significance of water resources
and reservoir managements has been strongly em-
phasized due to high potentials of pollutions by
intense industrial and urban developments in Kor-
ea. For these reasons, large artificial dam and ag-
ricultural reservoirs were constructed in Korean
watersheds for multi-purposes of flood control,
hydroelectric power generation, irrigations, and
industrial water supply. Particularly, the numer-
ous agricultural reservoirs were built in 1940~
1960 in Korea for irrigations in agricultural area.

voirs and those purpose reservoirs were occupied
the most of domestic lakes (Yoo and Park, 2007).
In these reservoirs, water quality was rapidly
degradated due to inputs of nonpoint sources such
as cattle shed, agricultural farmland usually asso-
ciated with enriched nutrients from animal wa-
stes and fertilizers. Because of these effects, tro-
phic state, based on nitrogen and phosphorus, was
getting eutrophic to hypertrophic in the nume-
rous reservoirs. Furthermore, it impacted severe-
ly to aquatic biotics by reductions of dissolved
oxygen and transparency and occurrence of sti-
nky odour in the water directly or indirectly. Con-
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sequently, fundamental structure and function of
aquatic ecosystem were damaged due to such
water quality deteriorations (OECD, 1982). Even
though the government have been invested in
periodical monitoring program and facilities for
the aquatic environment to improve but still de-
gradations caused by organic pollution were
getting worse (Shin and Cho, 2000).

Especially, excessive upload of enriched nutri-
ents such as nitrogen (N) and phosphate (P) in the
water was operated as important limited factors
to alter the aquatic productivity so that eutro-
phication evaluation techniques using N and P
concentrations were widely applied world (Cho and
Shin, 1997; Herky and Kilham, 1988). In addition,
TN : TP ratio in the highly related to the water
condition and also interrelated with CHL concen-
tration. Thus, it was necessary to configure these
relationship between TN : TP ratio and CHL con-
centration for aquatic environment evaluation
(UN, 1992). TN : TP ratio tends to decrease accor-
ding to proceeding of severe water pollution and
to increase by water quality recovery (Downing
and McCauley, 1992). According to the previous
report of TN : TP ratio, values over 10 indicated N
limitaion and more than 20 indicated P limitat-
ion (Porella and Bishop, 1975).

In the meantime, Korea had various precipita-
tion patterns by the season, region, and year and
65% of the country was consisted in the moun-
tainous region with sharp stream slope so that it
was relatively difficult to manage the water re-
source efficiently (Cha and Park, 2004). More-
over, most of domestic reservoirs were artificially
constructed so that it had different formation
processes compared to the naturally formed. There-
fore, Korean reservoirs showed different charac-
teristics derived from morphological, physical,
chemical, biological, and ecological factors. In the
aspect of the water resource management, it is
necessary to control water quality differently be-
tween artificial and natural reservoirs. More-
over, hydrological characteristics between mon-
soon rainfall and artificial reservoir could pro-
vide some errors in the prediction of water qua-
lity alteration. Therefore, development of empiri-
cal model applicable to the domestic reservoir is
urgent.

Little is known about how nutrient and nutri-
ent ratios are related to trophic conditions and
empirical models. Most previous studies of arti-
ficial and agricultural reservoirs did not show

comparative results between our empirical mo-
dels and other countries’s. Our aims of the study
were to evaluate trophic conditions and N : P ratios
along with algal biomass dynamics systemati-
cally using TN, TP, and CHL values in agricul-
tural reservoirs and drinking water supplying
dams. Also, we developed the empirical models to
provide effective tool for the water resource man-
agement and compared to empirical models in
other countries.

MATERIALS AND METHODS

1. Descriptions of study sites

Survey sites were classified as agricultural rese-
rvoirs (ARs) and drinking water dam reservoirs
(DWDRs). Agricultural reservoirs in the entire
survey sites were total 487 and distributed in all
over the country. All of them were running by Kor-
ea rural community and agriculture corporation
(KRC) and applied typical agricultural water re-
sources. Detail sites were described as follows.

Four reservoirs are located in Daegu metropol-
itan city including Dalchang reservoirs, 5 reser-
voirs in Incheon metropolitan city including Kor-
yeo reservoirs, and 4 reservoirs in Ulsan metro-
politan city including Bogan reservoirs. It also
located 53 reservoirs in Gyeongi-do including
Gosam reservoir, 32 reservoirs in Kangwon-do inclu-
ding Jwaun reservoir, 40 reservoirs in Chungche-
ongbuk-do including Miho reservoir, 66 reservoirs
in Chungcheongnam-do including Ipjang reser-
voir, 60 reservoirs in Chollabuk-do including
Heungdeok reservoir, 75 reservoirs in Cholla-
nam-do including Daepo reservoir, 84 reservoirs
in Kyongsangbuk-do including Songsun reservoir
and 64 reservoirs in Kyongsangnam-do including
Junam reservoir

Meanwhile, sites of DWDRs were total 14 and
located in 5 major watersheds. Soyang dam,
Chungjoo dam and Hweongseong dam in the Han
river watershed and Andong dam, Imha dam, Hap-
cheon dam, Namgang dam, and Milyang dam in
Nakdong river watershed were diagnosed. In the
Geum river watershed, Yongdam dam and Dae-
sheong dam were surveyed and Seomjingang dam,
Jooam dam, and Jooam regulating pondage in
Seomjin river watersheds were analyzed. We also
diagnosed Booan dam for other watershed. We
selected 2 sites to 6 sites in each DWDRs, consi-
dered water amounts and level and analyzed



514 Lee, Sang-Jae and Kwang-Guk An

water quality data from total 47 sites. All drink-
ing water were managed by the Korea Water
Resources Corporation.

2. Chemical analysis

For the analysis of water quality and nutrient
regime, we analyzed two year monthly dataset
from January 2006 to December 2007, obtained
from Korea Water Resources Corporation for DW-
DRs and Korea rural community and agricul-
ture corporation for ARs. Total 4 parameters, total
nitrogen (TN), total phosphorus (TP), Chloro-
phyll-e (CHL), and TN : TP ratio (TN : TP) were
analyzed in this study.

Each parameter in water quality were ana-
lyzed by following methods. Ascorbic acid method
was applied to the analysis of TP and the TN and
CHL were determined by absorbance analysis.
To adapt the characteristics of precipitation that
mostly concentrated on the summer season in Kor-
ea, we were categorized the season as premon-
soon (May ~June), monsoon (July ~August), and
postmonsoon (September ~ October) on the basis
of the precipitation data in 2006 ~2007.

3. Development of empirical models

For the analysis and prediction of nutrition con-

dition in DWDRs and ARs, we applied the empiri-
cal model using the relationship among TN-TP,
TP-CHL, TN-CHL, TN : TP ratio-CHL, TN : TP
ratio-TP, and TN : TP ratio-TN. Each parameter
was transformed to Logio and also applied regres-
sion analysis using SPSS (Window version 12.0
K). Through this, factors which influences on re-
servoirs among parameters were analyzed.

RESULTS AND DISCUSSION

During the study, nutrients and CHL varied de-
pending on seasons and types of the reservoirs.
Annual total phosphorus (TP) in drinking water
dam reservoirs (DWDRs) and agricultural reser-
voirs (ARs) averaged 22.2 ug L (range: 11~50
ug L) and 42.6 ug L7! (range: 1~1,244 pg L™,
respectively (Table 1). According to the approach
of Forsberg and Ryding (1980) these outcomes
suggests that DWDRs is mesotrophic and the
ARs is eutrophic. Seasonal mean TP showed dis-
tinct temporal variations among three seasons.
In the DWDRs, TP was minimum (17.49 ug L™,
range: 4~65 ug L) in premonsoon, and was simi-
lar between the monsoon and postmonsoon. Each
seasonal mean and site mean were greater in the
ARs than the DWDRs, indicating greater loading

Table 1. Mean +standard error and range of water quality parameter in the drinking water supplying dam reservoirs

(DWDRs) and agricultural reservoirs (ARs).

Types of

Seasonal means

) Parameters Annual means
waterbodies Premonsoon Monsoon Postmonsoon
TN (mg LY 1.590+0.034 1.716 +£0.036 1.570+£0.032 1.508 +0.054
(0.74~2.75) (0.74~3.43) (0.66~2.66) (0.86~2.49)
. 17.9+0.8 31.0+2.0 28.9+1.5 22.2+1.4
TP (ug L! = = +
(gL (4~65) (4~181) (6~ 160) (11~50)
DWDRs - 43+0.3 89417 8.14+0.5 49405
CHL (ugL
(gl ) (0.1~39.7) (0.1~296.7) (1.1~46.3) (1.9~17.4)
CHL: TP 0.287+0.023 0.326+0.04 0.331+0.02 0.236+£0.021
: (0.01~3.31) (0.01~4.79) (0.02~1.47) (0.05~0.97)
TN TP 118.2+4.9 83.7+3.5 70.1+2.6 76.9+4.33
) (24.9~472) (9.4~218) (11.5~173.9) (28.9~150)
TN (mg L) 1.675+0.090 1.544+0.089 1.299+ 0.074 1.3914-0.058
(0.02~4.46) (0.33~5.14) (0.11~13.18) (0.13~21.61)
- 51.1+5.4 63.2+8.7 43.1+4.1 42.6+3.9
TP (ugL™? * + + =
(gL (1~631) (1~792) (1~573) (1~1244)
ARs B 16.8+1.3 26.0+2.7 21.7+2.0 16.8+1.0
CHL (ugL™* - = *
(gl D (0.2~165.2) (0.4~142.7) (0.2~306.3) (0.5~ 188.6)
CHL: TP 1.55120.365 0.603 +£0.057 1.705+£0.230 0.842+0.070
: (0.01~89.30) (0.01~4.80) (0.03~49.90) (0.01~23.4)
TN:TP 168.9419.9 53.0£5.7 146.74+13.4 109.3+74
) (0.20~2530) (4~365) (2.29~2030) (0.68~1342)
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of phosphorus in the agricultural weatersheds.

Annual total nitrogen (TN) in drinking water
dam reservoirs (DWDRs) and agricultural reser-
voirs (ARs) averaged 1.508 mg L' (range: 0.86~
2.49 mg L") and 1.391 mg L™! (range: 0.13~21.61
mg L), respectively (Table 1). Mean TN in each
season were always>1.20 mg L™!. Under such
circumstances, nitrogen limitation is improbable
(Morris and Lewis, 1988). These results indicate
that Korean reservoir system is nitrogen-rich
regardless of seasons and types of reservoir. In
the mean time, TN was minimum (1.299 mg L™,
range: 0.11~13.18 mg L™) in postmonsoon, and
was similar between the premonsoon and mon-
soon. In contrast, one of the tremendous features
was that values of TN in each season were great-
er in the DWDRs than ARs, indicating that nitro-
gen loading is greater in the drinking water sup-
plying regions.

The relationship between Logio (TN) and Logio
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Fig. 1. Relationship between TN and TP concentrations in
the drinking water dam reservoirs (DWDRs; upper
panel, (a) and agricultural reservoirs (ARs; lower
pannel (b).

(TP) in the DWDRs showed a weak as shown in
Fig. 1. In the DWDRs, TP ranged only between
11.5ug L' and 45 ug L"! and TN ranged between
0.870 mg L™! and 2.376 mg L *. Thus, all data did
not fall into the range influenced by manure and
sewage, but fall into the data near forest runoff
and rainfall compositions. However, the relation
of Logio (TN) and Logio (TP) was strong (R*=0.44,
p<0.001) in the ARs and the some of total data
(0.004%) fell into the manure seepage and sewa-
ge effluents (Fig. 1).

TN and TP were analyzed in association with
the watershed area, the morphological charac-
teristics. In DWDRs, the concentration of the ave-
rage TP according to the change of the watershed
area did not show any differences. However, the
average TN concentration tends to decrease in
the reservoir size over 1,000 km? less than 1,000
km? (Fig. 1). Generally speaking, reservoirs with
wider and larger watershed area had bigger
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Fig. 2. Relationship between TN : TP ratio vs. TP concen-
trations and TN : TP ratio vs. TN concentrations.
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Fig. 3. Seasonal empirical models of CHL against TP, TN and TN : TP ratio during the premonsoon, monsoon and
postmonsoon in the drinking water supplying dam reservoirs (DWDRs; upper panel, (a)) and agricultural reservoirs

(ARs; lower pannel (b)).

reservoir size and deeper average depth. Because
of these reason, it seems that nutrient effects
discharged from inside of the reservoir were low
(An et al., 2008). In the ARs, besides, correlation
of TN and TP with the variation of watershed area
in the reservoir hardly showed any differences
(R?=0.43, p<0.001; R*=0.44, p<0.001). It seems
to be lower depth in domestic ARs which could
not influence any morphological effects in dome-
stic ARs (Fig. 1).

Mean concentrations of chlorophyll-a (CHL) in
drinking water dam reservoirs (DWDRs) and agr-
icultural reservoirs (ARs) averaged 4.9 pg L™
(range: 1.9~17.4 ug L)) and 16.8 pg L™ (range:
0.5~188.6 ug L ™), respectively (Table 1). Seaso-
nal mean CHL was minimum (4.3 pg L%, range:
0.1~39.7ug L) in premonsoon, and was similar
between the monsoon and postmonsocon. In con-
trast, one of the tremendous features was that
values in the spatial distributions, CHL values
were greater in the ARs than DWDRs. Thus, the
spatial and temporal patterns in CHL were simi-
lar to those of TP but not TN (Fig. 3).

Concentrations of CHL were usually related with
the eutrophic condition and it was the good indi-
cator to detect algal blooming which influenced
the water quality degradations (Dillon and Rig-
ler, 1974). To diagnose variation of CHL concen-
tration in DWDRs, CHL did not show any pat-
terns against TN concentration along with pre-
monsoon, monsoon and postmonsoon (R*<0.01,
p=0.436). It was considered that TN concentra-
tion was extant with more than necessity in the
DWDRs (Fig. 3). In contrast, according to the CHL
-TP model, CHL variation could explain average
15.3% and 11.3% in DWDRs and ARs, respecti-
vely. Especially CHL-TP model in the ARs was
strong correlation during postmonsoon than pre-
monsoon and monsoon seasons. This is the simi-
lar result that the increase of TP concentration
increase in stable season of waterbody may refl-
ect strongly to the increase of CHL concentration
increase (An and Jones, 2002). Normally, TN : TP
ratio was highly related to the nutrition condi-
tion in the water (Smith, 1983). In this study, CHL
concentration showed a weak negative correla-
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Table 2. Comparisons of log-transformed empirical models between this study and other references.

Regression

No. Location Parameter Linear model (equation) coefficient (R?) Authors
1 N/W Europe & _ Prairie et al.,
northern North America CHL vs. TP log (CHL)=-0.39+0.87-log (TP) 0.69 133 1989
2 N/W Europe & _ Prairie et al.,
northern North America CHLvs. TN  log(CHL)=-3.13+1.44-log (TN) 0.69 133 1989
3 Midwestern United S CHLvs. TP  log(CHL)=-1.09+1.46-log (TP) 090 143 Jonesand
idwestern United States vs. og ( )=—1.09+1.46-log . Bachmann, 1976
Dill d
4 Japan and North America ~ CHLvs. TP log (CHL)=—1.13+1.58- log (TP) 0.95 56 Rigler, 1074
Ril d
5 Alberta CA (nonstratified) ~CHLvs. TP log (CHL)=~0.68+1.25-log (TP) 0.69 25 Dremas, 1985
6 Florida, US CHL vs. TP log (CHL)=-0.15+0.74-1log (TP) 0.59 223 Canfield, 1983
7 Florida, US CHLvs. TN  log(CHL)=-2.99 +1.38-1log(TN) 0.77 223  Canfield, 1983
8 Agriculture Reservoi, Korea CHL vs. TP log(CHL)= 0.20+0.64-1log (TP) 0.58 483  This study
9 Agriculture Reservoi, Korea CHL vs. TN  log(CHL)= 0.95+0.89:log(TN) 0.28 483  This study
10 Large Dam Reservoi, Korea _ . ;
(for drink water supply) CHL vs. TP log (CHL)=-0.21+0.64"log (TP) 0.24 47  This study
11 Large Dam Reservoi, Korea  cpyy s pN Jog(CHL)= 0.57+0.38-log (TN) 0.03 47 This study

(for drink water supply)

tion with TN : TP ratio. It was considered that
this result was caused by the high concentration
of TN in the waterbody (Fig. 3).

Annual mass ratios of TN : TP averaged 93.1 and
varied from 0.68 to 1342 (Table 1). Seasonal varia-
tion was also evident: The mean ratios in pre-
monsoon, monsoon, and postmonsoon were 143.6,
68.4, and 108.4 respectively. Annual N: P ave-
raged 76.9 (range: 28.9~150) in the DWDRs and
109.3 (range: 0.68~1342), in the ARs (Table 1).
Thus, the mean range showed the large dif-
ference between the two types of the reservoirs.
During the study about 96.6% of the total obser-
vations (n=516) was >17 in the TN : TP ratios
(Fig. 2). The remaining 3% was <8 in the TN : TP.
This observation suggests that P was a potential
factor limiting algal growth in the entire reser-
voir (Forsberg and Ryding, 1980) and the degree
of P-limitation varied with seasons (Kimmel et
al., 1990).

Overall TN : TP ratios were a function of phos-
phorus rather than nitrogen. As shown in Fig. 2,
regression analysis of log-transformed N : P ratios
against TP in DWDRs and ARs showed that the
ratios were linearly declined with an increase of
TP (R?=0.78; p< 0.001; R*=0.66; p<0.001), res-
pectively. In contrast, ratios did not correlate (R
=0.05, p=0.026; R?=0.11; p<0.001) to TN in the
DWDRs and ARs, respectively (Fig. 2), and TN

values were also correlated (R*=0.07; n=47; p=
0.083; R?=0.44; n=492; p<0.001) to TP, respec-
tively (Fig. 1). This fact in these Korean reser-
voirs agrees with the finding that N : P ratios
have higher correlation with TP than TN as Down-
ing and McCauley (1992) reported in previous
researches. The weaker correlation between N : P
ratios and N was probably attributed to the rich-
ness and less variability of N relative to P in this
system.

Empirical models of nutrients vs. CHL showed
that in the ARs, the variation of CHL was explain-
ed 58% by the variation of TP, but the CHL varia-
tion was explained only 28% by the variation of
TN. In contrast, the variation of CHL in the
DWDRs was explained 24% by the variation of
TP and only 3% by the variation of TN (Table 2).
Hence, it was more explainable in the case of TP
than TN in Korea as similar as reports from other
countries.

ACKNOWLEDGEMENTS

This study was supported by the CAER (Cen-
ter for Aquatic Ecosystem Restoration) of Eco-
STAR project from MOE (Ministry of Environ-
ment, Republic of Korea).



518 Lee, Sang-Jae and Kwang-Guk An

LITERATURE CITED

An, K.G. and J.R. Jones. 2002. Reservoir response to
the Asia monsoon with an emphasis on longitu-
dinal gradients. J. Freshwater Ecology. 17: 151-
160.

An, K.G., J.K. Kim and S.J. Lee. 2008. Reservoir tro-
phic state and empirical model on nutrients, trans-
parency, and chlorophyll-a along with their rela-
tions among the parameters. J. Environ. Biol. 26:
252-263.

Canfield, Jr., D.E. 1983. Prediction of chlorophyll-a
concentrations in Florida lake: The importance of
phosphorus and nitrogen. Water Res. Bull. 19:
255-262.

Cha, S.H. and G.B. Park. 2004. A Study on estimate
of evaluation indices of water supply capacity for
multipurpose dam. J. Environ. sciences. 13: 197-
204.

Cho, K.J. and J.G. Shin. 1997. Dynamics of inorganic
N : P nutrient from midstream to downstream of
the Naktong river. Korean Journal of Limnology.
30: 85-95.

Dillon, P.J. and F.H. Rigler. 1974. The phosphorus-
chlorophyll relationship in lakes. Limnol. Ocea-
nogr. 19: 767-773.

Downing, J.A. and E. McCauley. 1992. The nitrogen:
phosphorus relationship in lakes. Limnol. Ocea-
nogr. 37: 936-945.

Forsberg, O. and S.0. Ryding. 1980. Eutrophication
parameters and trophic state indices in 30 Swe-
dish waste-receiving lakes. Arch. Hydrobiol. 89:
189-207.

Hecky, R.E. and P. Kilham. 1988. Nutrient limitation
of phytoplankton in freshwater and marine envir-
onments : A review of recent evidence on the effects
of enrichment. Limnol. Oceanogr. 33: 796-822.

Jones, J.R. and R.W. Bachmann. 1976. Prediction of
Phosphorus and chlorophyll level in lakes. JJ. Water

Poll. Control Fed. 48: 2176-2182.

Kimmel, B.L., O.T. Lind and L.H. Paulson. 1990.
Reservoir primary production. pp. 133-199. In:
Reservoir Limnology: Ecological Perspectives (K.W.
Thornton et al. eds.). John Wiley and Sons, New
York.

Morris, D.P. and W.M. Lewis. 1988. Phytoplankton
nutrient limitation in Colorado mountain lakes.
Freshwater Biol. 20: 315-327.

OECD. 1982. Eutrophication of waters. Monitoring,
assessment and control. Organisation for Econo-
mic Co-operation and Development, Paris, France.
154pp.

Porella, D.B. and A.B. Bishop. 1975. Comprehensive
management of phosphorus water pollution. Ann
Arbor Science, Ann Arbor, Mich. 303pp.

Prairie, Y.T., C.M. Duarte and J. Kalff. 1989. Unify-
ing nutrient-chlorophyll relationships in lakes.
Can. J. Fish Aquat. Sci. 46: 1176-1182.

Riley, E.T. and E.E. Prepas. 1985. Comparison of the
phosphorus-chlorophyll relationships in mixed
and stratified lakes. Can. J. Fish Aquat. Sci. 42:
831-835.

Shin, J.K. and K.J. Cho. 2000. Seasonal dynamics
and pollution status of the water quality in the
Kum river reservoir. Korean Journal of Limnology.
33: 251-259.

Smith, V.H. 1983. Low nitrogen to phosphorus ratios
favor dominance by blue-green in lake phytoplank-
ton. Science. 221: 669-671.

United Nations (UN). 1992. Protection of inland
waters against eutrophication. New York, ECE/E-
NVWA/26. 29pp.

Yoo, C.S. and H.K. Park. 2007. Analysis of morphol-
ogical characteristics of farm dams in Korea. Geo-
graphical Society. 42: 940-954.

(Manuscript received 7 November 2008,
Revision accepted 13 December 2008)



