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Analysis of Algal Response Effects Using Nutrient Enrichment Bioassays in Shingu
Reservoir. Lee, Jae-Yon, Sang-Jae Lee, Jae-Hoon Lee, Dae-Yeul Bae, Ji-Woong Choi, Soon-
Jin Hwang' and Kwang-Guk An* (School of Bioscience and Biotechnology, Chungnam
National University, Daejeon 305-764, Korea; ' Department of Environmental Sicence, Konkuk
University, Seoul 143-701, Korea)

Nutrient Enrichment Bioassays (NEBs) were conducted in the laboratory during
June 22~ 28, 2006 in order to determine primary limiting factor on the phytoplank-
ton growth. For the NEBs, the water was sampled using a 10 L polyethylene-lined
container and dispensed into 2.5 L container in the laboratory. The algal growths
response in the control (C) and three treatments of phosphorus (P), 2-fold pho-
sphorus (2P), and nitrate nitrogen (NO3-N) were monitored during 7 days. In the
cubitainers which were spiked as P (T1) and 2P (T2) Chl-a concentrations were
decreased during the test period and the final concentrations was low than initial
values. However, Chl-a in the cubitainers which were spiked as NO, (T3) and P+NO,
(T4) showed significant increases compared to the initial values, indicating that in
the short-term experiments, nitrogen seemed to be a primary limiting nutrient
during the periods of NEBs experiment. Long-term ambient nutrient data of TP and
TN, and TN : TP mass ratios, however, showed a potential phosphorus limitation on
phytoplankton growth and previous other researchers showed a variations of limi-
ting nutrients by nitrogen or phosphorus depending on the seasons sampled and
locations. In this study nitrogen as primary limiting nutrient in the NEBs seem to be
an seasonal effect rather than the consistent nitrogen limitation.
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Fig. 1. A map showing the study site.

Table 1. Add Nutrient and spike concentration of each
test tank for the Nutrient Enrichment Bioassays
(NEBs). 2P indicates two-fold spiking of the am-
bient phosphorus concentration.

Test Volume Nutrient Congen- Incubated
condition  °fteSt " spiked tration temp
tank spiked )
Control(C) 25L - - 20+1°C
Treatment 100 g L™t 0
+
(TD) 25L P askmpo, 20*1°C
Treatment 200ug L1 as o
+
(T2) 25L 2P KH,PO, 20+1°C
Treatment 2.592mg Lt o
+
(T3) 25L NOs as KNO, 20+1°C
100pug L1 as
Treatment KH,PO,, o
+
(T4) 25L P+NO, 2,592 mg L1 20+1°C
as KNO;

ol J2Le 948 IR ARl on, X
Z 1(T1)e|= KH,PO, 100 ug L& Arlsldm, Al
2(T2)0l|= KH,PO, 200 ug L1& A7}ste] 7Zh2t P, 2P7}
H== slgrh =3k X2 3(T3)ol KNO;. 2.592 mg
L'E AH7lsle NO,-N7L H =% slgdon, Xeld 4(T9)
o)l KH,PO, 100 ug L'3} KNO,. 2.592 mg L'1-¢ 7}
st P+NO,;N7} B =2 3}3lt} (Table 1). 2+ Cubi-
tainer= 3 pzo) xpA5F Arlsle] 1 Qo) dAE
dol fmulel] YX|3HA Fled, Ao A 20+£1°CE] 2=
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Mol 277 FU=F AFFE WAt AAd B3RS
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Fig. 2. Long-term seasonal variations of nutrients (TN,
TP), chlorophyll-a (Chl-a), and TN : TP mass ratios
during 2002~2005. In 2002-A (Aug), N (Nov), In
2003 and 2004-A (Apr), J (Jun), S (Sep), N (Nov),
In 2005-M (Mar), J (Jun), O (Oct), N (Nov).
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Fig. 3. Empirical models of Log, (TN)-Log (Chl), Log,
(TP)-Log,, (Chl), and Logo (TN : TP)-Log,, (ChD).
All the data were log-transformed.
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Fig. 4. Experimental results for Nutrient Enrichment
Bioassays (NEBs) in the four different treatments.
Daily algal was expressed as Chl/Chl, in each
treatment during the test period (Chl,: concentra-
tion of control; Chl: concentration of each treat-
ment).
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42.7pg L'9} 38.6ug L lo|A] AEZ3 Ale) 346ugL!
9} 26.3ug Llog ZrAaslgo) (Fig. 5). T1d T2¢) A=
HEREe] i Yok Aol bt 94 e
<+ dehligleon, A7 e yEHelE izt
(Control)el] H]&ledrz e 7o &M oz Jehfo
UK o= A7) Ee FE3 xS Fua) 39
sols BTk ABAEFRES AgowA o
o]-4-5] %] Yeli= Aede) olol ubsted, A
47F 2744 T3¢} T4 Chla 529 F23 2715
eh o, 7hzto 40 ug L7'9} 39.7 ug Lol A
98.4pug L9} 112.8ug L to =g oF 2~3u] =713 o=
yebg Hx Aavt A7bE gels 149.2pg Lg}
180.5 ug L \74A] Z7)slelod, o] & Hrlel A4q) 1%}
Aoz gdgd oz AXH o2 Chlad == 7+
230 £ AR Fatells Aol 98 A asst
T o SIe ALl 1} A
9 Q AREshe Y Ae ebget o7

3NN Bzl vskel Aash AelR TolA 47

olol o o
wWAMRE 2

A=R=N
L():_-—‘—-1_.



40 Olzfied - Ol MY - O[xHE - HHHY - &[S - &=T - A4BF

Eol ¥/ vo} A Ah 2F ATeL= Agee A
At =297)= 5ot (A2 &, 2004), ¥ A
AAAE o] ME A wzLol wls) AAEo
W3, ASrE AR FelA APt 2 ARES 2o
5 HehtA gsie o)d A7l Tt w2 AR
& 2ol A <l F2 <A Aavt FAA A2E *
At vepgeon, Aavt 5oz Al FelAM &
ARES vehA 4 AFASAE AR o

2 m ol

e rlo

TN:TPu]9] WHolr} =A vehdx ¢)&d], 200432 6
2] A9 TN:TPr]:= 17 o|3t2 vefyh o (Fig. 2), ¢
9] F=& 20029elA 2005 F 7MY A el
UKo, A4 e Ao e vz eh}
3 3t o] A1719] 1z} Ak o] wWstel] W3k Frpr)
AAEA] gko}, F-Qo] AFtedokd oz 2HE3HERA &
4 glont, 17 o]518] TN :TPu|E Atsll g o, o] &
Ao = Aio) O3 Algke] dojydodel f58 & 4
Ak wEbA B ARE A5 ATt AAE A 2
TN:TPulE A3l AlgdFa F7HE A ALA S
o AFAE ey S w3E& Aoz AaFHg]
th. 28y o] el HsiMe 3FF Aol wE Agked
¥R FMHE A&Aom At Al AlFA S
M Agel A7 AFaA} AT wre) vehte
A A& Ber} e Aoz wsgd.

5 2

B d7E 2006 69 229URE] 28U7R] AEA &
FAEL] 1A QA S dolnr] f3te] <okl 3ok A
Hg AT H7ME $18 AELE AR Fofel A
Z 10LE A4$3)g.om, Cubitainere] 2+t 25L% 2
e dz2de 995 192 ARt e, Xe
1ol KH,PO, & #H7Fslola, A2l 200 2w o &
KH,PO& A7}ste 747t P, 2P7} H =% 3tk =
el 34l KNOsE AH7iste] NOy N7 H=s 3
om, A2 49¥E KHPO,8t KNOs;& AH7ste| P+
NO;-N7t HE2 3slo] 794 Zot wzs #Fsigu. P
(T1$} 2P (T2)7} 22]¥ Cubitainer?] Q240 FEE
A7z Bt AR A, 279 szl vl
2 @2 $2F Bygu 28y, NO; (T3)9) P+NO;
(T4)7} A2]= Cubitainer®] A% 2719 H4E24a %
o) W] s FAhs Aoz vehdeh 9] A
He) A Aart QA ARLdoR 48T Ao
Atz =g A7) 7k 2= TP, TN, TN : TP mass ratios

¢

rlo

b )

o Aol Wew, o] A% BF=ES Aol AL
oz 2gaiglm AP A7lsh Faol wet A
7} Wale Aoz A7se] A ¥ A7 Aat
A ADIYAFE eSS AL Gl AT A
oz A=see

=z
1

FPAA AT 1999. 32 2F o wA W3 Al
7ol FZATAD. TFE £9E FAoz T A7)

= gl

WA, Asd, AR, o473, AATF. 2007. S 559 A
grejofast slpx A WS o 71 sk e ¥
=E-3738H35]#] 23(4) : 512-517.

ABA, 7). 2004, Fe Hejof HApA) G43tn B4
Aol u}= 423} 825%] 37(2): 180-192.

34 71ubgAL 2002~2005. 545 SRS 2AF BIA.

713AE 2005, EEH FPE APA 4R Y o
SHE AT FolEd T

olAl 4= A, 4. 2003. Aut A, Fo FHE ApA =
#ge] WaEA. o) g E5-8H35 23(4): 359-368.

oA, oAl E, AR E, B, = 2007, Sl T8
AR 9] oopde] o A5 47 40(2): 223-233.

H3s, 3lex, 7154, S84 2003, BE A EEHIES
AgedFgs Qg AAA Wil S 36(2): 139-
149.

43, 259, 2002, $htet AU U85 2L
Alg]. o3} 37 12(1): 93-103.

373 E. 2006, 7 A,

APHA. 1985. Standard methods for the examination of
water and waste water. 16th ed. New York, American
Public Health Association. pp. 1067-1072.

Forsberg, O. and S.-O. Ryding. 1980. Entrophication para-
meters and trophic state indices in 30 Swedish waster-
eceiving lakes. Arch. Hydrobiol. 89: 189-207.

Hwang, S.J., C.G. Yoon and S.K. Kweon. 2003. Water qual-

ity and limnology of Korean reservoirs. Paddy & Envi-



NFRER| Mg

i

ronment 1: 43-52.

Ministry of Environment. 2001. A study on development of
lake environment survey method in Korea, Seoul, p. 31.

Paerl, HW., R.S. Fulton, P.H. Moisander and J. Dyble.
2001. Harmful freshwater algal blooms, with an em-
phasis on cyanobacteria. The Scientific World Journal
1: 76-113.

Sartory, D.P. and J.U. Grobbllaar. 1984. Extraction of chlo-
rophyll-a from freshwater phytoplankton for spectro-

YIEMFOl et He HUd B4 41

photometric analysis. Hydrobiologia 114: 177

Vollenweider, R.A. 1968. Scientific fundamentals of the
eutrophication of lake and flowing waters, with parti-
cular reference to nitrogen and phosphotus as factors in
eutrophication. Thechnical Report DAS/CSI/68.27.
Organization for Economic Co-operation and Develop-
ment, Paris, France.

(Manuscript received 31 December 2007,
Revision accepted 4 February 2008)



