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The Limnological Survey of a Coastal Lagoon in Korea (3): Lake Hwajinpo. Heo, Woo -
myung*, Sangyong Kwon, Jaeil Lee, Dongjin Kim! and Bomchul Kim? (Department of
Environmental Engineering, Samchok National University, Samchok, 245-711, Korea.
Wonju Regional Environmental Management Office, Wonju 220-041, *Department of
Environmental Science, Kangwon National University, Chunchon, 200-701)

Physicochemical parameters, plankton biomass, and sediment were surveyed from
1998 to 2000 at two months interval in a eutrophic coastal lagoon(Lake Hwajinpo,
Korea). The lake is separated from the sea by a narrow sand dune. Littoral zone is
well vegetated with loating-leaved aquatic plants. The lake basin is divided into two
subbasins by a shallow sill. It has intrusion of seawater by permeation and stormy
waves. Stable chemoclines are formed by salinity difference at 1m depth all the year
round. DO was often very low (<1 mgO; L) at hypolimnion. Temperature inversions
were observed in November. Nitrate and ammonium concentrations were very low
(<0.1mgN L™, even though TN was usually 2.0~3.5mgN L. TN/TP was generally
lower than the Redfield ratio. Transparency was 0.2~1.7 m, and COD, TP, and TN of
sediment were 3.1~40.3mg0; g%, 0.91~1.39 mgP g%, and 0.34~3.07 mgN g*, respec-
tively. Phytoplankton chlorophyll-a concentrations were mostly over 40 mg m™3
Two basins showed different phytoplankton communities with Oscillatoria sp.,
Trachelomonas sp., Schizochlamys gelatinosa, and Anabaena spiroides dominant in
South basin, and with Trachelomonas sp., Schroederia sp., Schizochlamys gelatinosa,
and Trachelomonas sp. dominant in the North basin. The seasonal succession of
phytoplankton was very fast, possibly due to sudden changes in physical conditions,
such as wind, turbidity, salinity and light.
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Table 1. Hydrological characteristics and utilization of
drainage basin and generation loadings (N, P) of
Lake Hwajinpo.

2.3(0.46%/1.84%)
19.9 (4.86%/15.08%)
4.6 (3.59)

8.7 (114/8%

Surface area (km?)
Drainage area (km?)
Maximum depth (m)

Drainage area : Surface
area ratio (N)

Field area in drainage basin (km?) 4.19
Forest area in draniage basin (km?)  10.97
Livestock in drainage basin

cattle 753
pig 936
poultry 227
P(Op%:Is?)trI\(s);] in drainage basin 1,739
Generation N loading (kg day™) 270
Generation P loading (kg day™) 48

'North area, 2South area
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Fig. 1. Monthly Precipitation of the Sokcho city.

Fig. 2. Map showing the watershed (left) and sampling
sites (right) of Lake Hwajinpo.
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Fig. 3. Vertical profiles of temperature, dissolved oxygen and salinity at the Site 3(®: Temp., m: DO, A: Sal).
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Fig. 4. Horizontal variations of salinity (%o) in the epilim-
nion and the hypolimnion.
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Fig. 6. Monthly variations of TP and DIP concentration
(mgP L) in the Site 3 and Site 7.
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Table 2. Monthly variations of nutrients and chlorophyll a concentration. Values are average of south and north lake of

Hwajinpo.
. Sio, P DIP TN NOs-N  NHs-N  Chl. a
Year Month Site - - - - - - Z TN/TP
! (mgL?) (mgL?Y) (mgL?) (mgL?) (mgL?') (mgL?) (mgm™)

Ma South - 0.159 0.004 1.88 0.00 0.43 455 12

Y North - 0.121 0.002 1.90 0.00 0.32 34.7 16

Jul South - 0.126 0.033 1.77 0.00 0.21 42.1 17

08 ' North - 0.128 0.011 1.00 0.00 0.14 11.6 12

ce South - 0.199 0.012 1.01 0.55 0.19 10.4 6

P: North - 0.163 0.021 0.01 0.21 7.2 -

Nov South - 0.131 0.008 1.44 0.01 0.28 60.3 15

: North - 0.091 0.033 1.17 0.00 0.28 33.4 13

Mar South - 0.143 0.013 1.48 0.00 0.12 40.6 11

: North - 0.073 0.005 1.15 0.00 0.20 28.6 16

Ma South - 0.220 0.020 1.77 0.00 0.02 81.1 8

Y North - 0.177 0.014 1.81 0.00 0.07 86.9 10

99 Jul South - 0.169 0.018 1.94 0.00 0.25 69.9 15

' North - 0.071 0.007 1.36 0.24 0 22.2 20

ce South - 0.058 0.016 0.97 0.01 0.12 24.5 18

P: North - 0.051 0.029 0.96 0.00 0.05 26.1 19

Nov South - 0.124 0.009 1.03 0.00 0.05 76.2 8

: North - 0.071 0.010 0.76 0.01 0.05 17.9 11

Mar South 0.0 0.081 0.019 1.75 0.00 0.18 48.7 22

: North 0.1 0.049 0.016 1.36 0.06 0.17 53.1 33

Ma South 0.0 0.195 0.007 1.41 0.07 0.07 33.1 7

Y North 0.1 0.079 0.009 0.69 0.00 0.04 33.2 9

00 Jul South 21.1 0.134 0.023 2.95 0.04 0.50 122.4 22

' North 6.9 0.094 0.022 2.01 0.04 0.26 34.8 22

ce South 8.4 0.118 0.003 1.80 0.38 0.08 92.6 16

P: North 6.8 0.056 0.008 1.26 0.30 0.10 26.5 23

Nov South 4.9 0.047 0.005 0.95 0.09 0.09 36.8 22

: North 4.9 0.045 0.004 0.81 0.08 0.31 10.3 18
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Fig. 8. Distributions of the monthly average nitrogen con-
centration (NO3z-N, NH3;-N, Org-N) in the epilim-
nion and the hypolimnion accoring to distance.
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Table 3. TSI; trophic state index. TSI was calculated
from warm season average (July ~ September).

TSI
Average
SD Chl TP
1998 South 67 69 76 59 68
North 62 60 75 57 63
1999 South 63 76 68 59 67
North 60 71 63 58 63
South 74 85 74 63 74
2000 North 69 73 66 61 67
Av South 68 77 73 61 70
9 North 64 68 68 59 64
Total average 66 72 70 60 67

TEsle] 799 99 AmE AMgdldnh sl ¥so
BF7ko) ﬁL} 67~74% 63~672 Fa7} t] Hojoks)
Hol &+ & 4 slok(Table 3). o]= 3 5 (1999)°l
o3 A" ZEek M5 TSI (56~79)9) w|ws| &
o A8 ez BQltt Havens (2000)-2 TSI19} &
sted ok} 7o) Alqkatgich

TSI(TP)< TSI (CHL), P is limiting

TSI (TN)< TSI (CHL), N is limiting

TSI(TP) and TSI (TN)< TSI (CHL), neither P nor N

are limiting

TSI (CHL)< TSI (SD), light is limiting

TSI (CHL)>TSI (SD), zooplankton grazing is limiting
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Fig. 12. Monthly variation of COD in surface sediment at
the Site 3 and Site 7.

Table 4. Fractional composition of phosphorus in the
sediment (mgP gdw™?).

Apatite
Adsorbed-P  NAI-P " .
Ext. sol. P RGS_IguaI T-p

H20 NHiCl NaOH HCI

0.0699 0.0100 0.1697 0.0058 1.1227 1.3781
(5.1%) (0.7%) (12.3%) (0.4%) (81.5%)

0.0248 0.0048 0.1267 0.0091 0.7415 0.9069
(2.7%) (0.5%) (14.0%) (1.0%) (81.8%)

0.0611 0.0122 0.1589 0.0040 0.8923 1.1285
(5.4%) (1.1%) (14.1%) (0.4%) (79.1%)

0.0004 0.0010 0.0186 0.00004 0.0055 0.0255
(1.6%) (4.0%) (72.8%) (0.1%) (21.4%)

0.0561 0.0132 0.1684 0.0093 0.9004 1.1475
(4.9%) (1.2%) (14.7%) (0.8%) (78.5%)

( ): fractional percentage of total phosphorus

Site 1

Site 3

Site 4

Site 5

Site 7

R Aol A Z2)] e 2 Adsorbed-P (H.0-+NH4CI), NAI
-P, Apatite-P ¥ Residual-P2] ¢}2 z}zt A=A 16|A]
0.08,0.17,0.01 & 1.12 mgP gdw 2 velyrom, A4 5
oAM= 77 0.001, 0.019, 0.000 % 0.006 mgP gdw =
R4 10 wls) vh$ e ghe medeh o) Mo T4
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Fig. 13. Vertical distributions of TP and TN concentra-
tion in lake sediment.
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HA gled 2E AA-CAAM A AW F<19 3.2~
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5 e Ao e} 4241009 <l Al o
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(cells mL™) and dominant species.

FTEEYIES 19980 F 3F 47} 28% o= e}
wom 11Ye] AA 76A] 712,137 indiv. m 3oz 713+
o AEars Bojoy 19999 A9 3% 47} 28% 07
vebgon H3e w3 FselA ‘Eéﬁ NATE 2
o} 20004 IR EB\A ZH3} EML Z= 37
47} 38 19Fo|gH, o] = OJ/xgElLl,Lo_ 37} 5% A=
FTEES V5% S EES 14 6% A 2% o
At Az = W5 Fesee 22 3% s
9 75l EAS A FEEEIEC] BF EY
sldet A A 2= 110 7MY B2 $E0] g?ﬂs}ai
o AA FEZFIEAAN & FER] AAEE vE
2 3 AA 33 AA 7oA 77t 99.5%9) 94.5%F
uﬂ © =0 7—]_o_§_ zx].goh;} 7%9] 7:1 o ij—_o]]A—]l—_ =
55T Ao oM F3HFEEe] ¢4
shodcth A2 7ol A 135 AL 2E A A
A 70% o)|Adoz 23 wlwr) =9 B A}
717 & dAM oz 55 AN B2 sHA ogk

o o] = Fell o7t -HHA o] Yehta glow A




The Limnological Survey of a Coastal Lagoon in Korea (3): Lake Hwajinpo 23

500000 7
EEN Protozoa St. 3
E= Arthropoda 2
400000 —1 Trochelminthes =5 )
| Larvae 2o =8
2 S< 23
[} ©
g 28 55
300000 2 =2 . g8
0 2 @ i
¥ 5 £ o g g §F =
1000004 E € B o 3 & 2 3
£ > 8§ &8 3 2 g 8 2
X < T r g 5] o ) <
2 2 8 = 8 2 E 8
3 2 S £ = § & &
c 500000 5§ = | 5 = g g £
< £ 3 T 5 s 8 5
" S © o 1 S kel ©
7] o 5 s ¥ = g @
£ 2 - m Mool
g olE= . = deadd =1 == | ==
‘_E 500000 — - - —— .-
c st.7
S © 2 9 =2
I~ = =C 3 =c
< 400000 2 =8 £ 8|
I < 8 g S
_ S aQ =5
o s g8 g <8
[=] 1 -
8 300000 5 - 3 .
N = £ = %) 1
< K] 2 < s )
» o el o > <
e = PR © ] S g S o f
- © = - ° = o
5] < 2 = S S c
=, e @\ 8 w » ©
2 3 2 o s 2 a
500001 ¢ © e = 22 2
g g 5 3 s £ 2
£ B - g 8 3%
e o = e E o o
S 5 T X | E o
[2) Y [ P - O T 14—
o = — == [ ] bl el N
M M J S N J M M J S N
1999 2000
Month

Fig. 15. Seasonal variations of zooplankton density (indiv.
m~3) and dominant species.

7d3Fol el Wit (Fig. 15). =

A2 AN &FF Fol +AHT

o Wt HAFTEEFITES] Aol AT 2
o] & Aoz AdEnh w3 AA] FEE| A

FE

Agte] AAolA Fo3 AFe sty glon B
, shebd 22w QB wst) meb T2 R 4
o] FekAA Hek wat o)z Qs AN A
olfidel dFe WARH 2Pt $AHFeE &
A FEBYAELS o5 Foz AT AR VEY
W7k ol o)Al w Qe F b A5 % $AHE A%
L 747} 0.31~1.72¢} 0.2~0.999] Wz Jehdeh =

(1985)0l SJahal % Thepge Aol AT A7
oz A= B9 shopd (22, e AT 29 o
A =7 Aske W) 9o A A A
3 AEdez AME AgA e 54 dehdde
ek 2 2Alol A vehd whe) o] F1gAel Mg

IS I

o ATt w22 A2 28 AAZE G E7) dE
o Aoz ek

kS| 2

R x50 A EAS A73H7] $l8 1998
54E] 20004 119742 A2 Z2WAI7)E A9l
20 HHoz 54U 4~77 HAHNAM o3 sHH

5, 2 (TP), 2- A (TN), FH=(SD), 454 a
=5 AT 22 10~30°Ce] 2= A-dAQl
15 Jepliglom, 116l 23R A3l ozt
2 3E 2o dRxd] £AREs B2y A4 A
AWz zholE glont ofF 1m Alel|A] 384 2 (chemo-
cline)e] HAH A, viete} AT HooX s Faue
7 ek DO 23S o3t Al Ao £F
Alell 1mg0, L™ o)) yhe p=7) wis] =gl
FHxE 02~1.7me YHeE YelWer CODE 0.2~
20.5mg0; L9 »=H9E Byvh 230 F9l FE
0.024~0.275mgP L™'9] Ex =2 E3o| H|3 FseA
vl ¥ F=s veplch AdH oz e 5E3 9]
ofFell ¥ e HYrh 23] 454 avEE 35~
1458 mg m>2] WS BT A-Z o2 AEHR
o A ¥ sxr ulid] velgen] dsel A9

N

)

Moo R

44
QT ¥ olgaEA FEt Zrlele AAE 1
o 223 439 Aae EAREE 74 MES $7]
% obgAs, AL w2 Ve gt

sl AZollA 2w o] Ake] Zre]

N2 FsoA = et

t}. Carlson (1977)2]ol] 2]3F H.ojok3}=x|4=(TSI):= '98,

247} 65, 62, 72 2

65, 73, 79% vehgon, Fal3 A= 77 76, 66,

70 9 59, 59, 62°]3]th. A BEEFIEY F 61F0] ¥
=

iy
3L
£
_|
P
_|
o
rlr
w
{
N
N
lo
T g ®

[
St 23 olsexT) 23 9 SNHR 2T Z2A
HAuz7}, e zrlo] 247k 1% o|¢v) 2000 &3
[e}

3% FEEYIES F 3 47 35 19F03iH, 0% 4

T o= oO— 1T v o [}

AEERE 37 5% ASFEES 174 55 &35 EE
(<] [e] <)

<+ 17} 6%, FA2 2% oI+



24

_O.I_-
Ho
02
r

>
ol

A A4, 1990. AP Bs FIHA ol F
251-268p.
g 2002. R 25| S AT PR st 33

A2t B9l

4
ol
re

q_.

E 7 .7y stw 48-76p.
AW, 75, olxE, o713, #]39]. 1981.

ah7d. 1992, 2o zolAe) qle] Felel A A7, A3t
3 0|3t A} el

A, 1971, Bel] QolAle] A7zl F3 AT A3
3]%] 14: 15-23.

@2l 1998. tf A 5] e AT (-'97). F=5533]A].
31(2): 79-87.

AFAEA B A, 1997, Tt Mz AN 9. 1-2p.

A5, vhgel 1989. £%FF FH Bl el qle] EA3H
o} 8275 AN dgted. =g3tE]A] 2

Ak, 793k 1996. Fal A 342 3 2AL

SAAR) Fet 34 BE A EA R, 75 83-118p.

| EAFS, UTE 1975, Bal F|4a2e] S5xA9

PlanktonAre] vlw . §H=8-4-3}+3]%] 8: 25-37.

Z14, 1985, 89| =44l planktonsf a9} 1 g Ex
2) 8745l Adted. s pAl FA LA T4 62-103p.

UZF, 1984 7155 (Fs - 5 - JH3 - $A 5 - 32l =)
374 9 QB 2AF B Al FY twi=EF 18: 93-105.

197, A, el A, o]7]% 1992, £%k3 §-3 HEElR

HEe) qlEslef 9 Ql4-%] (Phosphorus Budget). H=5-

43}3)%) 25

157, 23, ARk, 1999, F3iet M s ookt Aot

=8-428}3]%] 32(2): 141-151.

FAS, Wt ak 1975, BH 71 4Ee) S4Ed AT e
F2] 20: 87-95.

BARS, 2374, 73k 1969. 3R 2] 43} Planktone]]
et AT =8-433]A] 2:35-42.

APHA (American Public Health Association), 1992. “Stan-
dard Methods for the examination of water and waste-
water 18th ed”, Washington D.C.

Carlson, R.E. 1977. A trophic state index for lakes. Limnol.
Oceanogr. 22: 361-369.

Havens, K.E. 2000. Using Trophic State Index (TSI) Values
to Draw Inferences Regrding Phytoplankton Limiting
Factors and Seston Composition from Routine Water

N

a4t

(7

27

01.4_

ofy
‘o{l

o

1 207-214.

=)

- US7 - Uy

Quality Monitoring Data. Kor. J. Limnol. 33(3): 187-
196.

Hieltjes, A.H.M. and L. Lijklema, 1980. fractionation of
inorganic phosphates in calcareous sediment. Jour.
Environ. Qual. 9(3): 405-407.

Hirose, H. and T. Yamagishi. 1977. lllustration of the Ja-
panese fresh-water algae. Uchidaroka-kuno Publish-
ing Co. Japan.

Horne, A.J. and C.R. Goldman. 1994. Limnology, 2nd ed.
MaGraw-Hill, New York, etc., 576p.

Huzzey, L.M., M.A. Noble and G.F.m. Ryan. 1994. Tem-
poral changes in stratification in Mobile Bay. Eos 75(3),
81.

Imboden, D.M. and A. Lerman. 1980. Chemical models of
lakes. pp.341-356. In A. Lerman[ed.] Lakes: chemistry,
geology, physics, Springer-Verlag, New York, NY.

Likens, G.E. 1975. Primary production of inland aquatic
ecosystem. In H. Lieth and R.H. Whittaker (eds). Pri-
mary productivity of the biosphere. springer Verlag.
New York. 185-202p.

Lorenzen, C.J. 1967. Determination of chrolophyll and
pheo-pigments: Spectrophotomentric equation. Lim-
nol. Ocenogr. 12: 343-346.

Mizuno, T. 1964. lllustrations of the freshwater plankton
of Japanl Hoikusa publishing co., LTD.

Mizuno, T. and K.S. Cho. 1980. Paleolimnological study
from the present status of the lake hwajin-po and
yeong-rang. Kor. J. Limnol. 13: 17-22.

OECD. 1982. Eutrophication of Waters: Monitoring, Ass-
essment and Control. OECD, Paris. 154p.

Osamu M. and K.S. Cho. 1984. Urea, DOC, DON, and DOP
in two brackish lagoons on the eastern coast of Korea.
Kor. J. Limnol. 17: 73-80.

Sawyer, C.N. 1947. Fertilisation of lakes by agricultural
and industrial drainage. New England Water Works
Association. 61: 109-27.

Schroeder, W.W., S.P. Dinnel and W.J.W. Wiseman. 1990.
Salinity stratification in a river-dominated estuary.
Estuaries 13(2): 145-154.

Smith, N.P. 1990. Wind domination of residual tidal tran-
sport in a coastal lagoon. In: Cheng, R.T. (ed.), Residual
currents and longterm transport, New Yori: Springer-
Verlag, 123-133p.

Smith, V.H. 1982. The nitrogen and phosphorus depen-
dence of al gal biomass in lakes: An empirical and
theoretical analysis. Limnol. Oceanogr. 27: 1101-1112.

Tezuka, Y., 1988. Phosphorus as a possible factor stimula-
ting in the appearance of Anabaena bloom in the south
basin of Lake Biwa. Jap. J. Limnol. 49: 201-214.



The Limnological Survey of a Coastal Lagoon in Korea (3): Lake Hwajinpo 25

Theis, T.L. and P.J. McCabe, 1978. Phosphrus dynamics in
hypereutrophic lake sediments. Water Res. 12: 667-
685.

Uncles, R.J., J.e. Ong and W.K. Gong. 1990. Observations
and analysis of a stratification—-destratification event
in a tropical estuary. Estuarine, Coastal and Shelf
Science 31: 651-665.

U.S. EPA. 1976. Water Quality Criteria Research of the
U.S. Environmental Protection Agency, Proceeding of
an EPA Sponsored Symposium, EPA-600 (3-76-079):

185.

Vollenweider, R.A. 1976. Advance in defining critical loa-
ding levels for phosphorus in lake eutrophication. Mem.
Inst. Idrobiol. 33: 53-83.

Wolanski, E., Y. Mazda, B. King and S. Gay. 1990. Dyan-
mics, flushin and trapping in Hinchinbrook Channel, a
giant mangrove swamp, Australia. Estuarine, Coastal
and Shelf Science 31: 555-579.

(Manuscript received 28 January 2004,
Revision accepted 28 February 2004)



