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Photosynthetic Characteristics and Primary Production by Phytoplankton with Different
Water Quality of Influent in Open Waters of Constructed Wetlands for Water Treatment.

Choi, Kwangsoon*, Gilson Hwang', Dong-sub Kim, Sea-won Kim, Ho-Joon Kim, Seong-Ju
Joh? and Je-Chul Park® (Lake Sihwa Environmental Reserch Center, Korea Water Resources
Corporation, Ansan 426-730; 'Aquatic Environment Research Institute, Gunpo 435-040;

“Kumoh National Institute of Technology, Department of Environmental Engineering, Gumi
730-701)

The photosynthetic characteristics and primary production by phytoplankton in
open waters of two wetlands (the Banwol and the Donghwa wetland) of Sihwa Con-
structed Wetland with different water chemistry were investigated to provide the
information for the wetland management considering the water treatment efficien-
cy. During the study period (from March to October, 2005) the primary productivity
in open waters ranged from 481 to 11,275 mgC m % day™!, which is very high com-
pared with the eutrophic level of 600 mgC m 2 day '. From the analysis of the photo-
synthesis-irradiance (P-I) model parameters, the photosynthetic characteristics may
be affected by different concentration and ratio of nutrient (N and P) between two
wetlands. Assimilation number (AN) was higher in the Donghwa wetland (average
AN: 8.5 gC gChl™! hr™!) with high P and low N/P ratio than the Banwol wetland (aver-
age AN: 5.8 gC gChl™! hr!) with high N and high N/P ratio. This result indicates that
AN may be concerned with phosphorus than nitrogen and low N/P ratio. Positive
correlation (R=0.81) was observed between the initial slope and AN, implying that
AN was high in case of phytoplankton having more active photosynthesis ability
under low light. On the other hand, maximum photosynthesis (Pmax) was related
positively with chlorophyll ¢ concentration showing correlation coefficient of 0.47.
In this study, considering the high primary production through phytoplankton pho-
tosynthesis in open waters of Sihwa Constructed Wetland, the produced organic
matter by phytoplankton may affect the water quality within wetland and its effi-
ciency of water treatment. Also, the photosynthetic characteristics may be affected
by different nutrient enrichment (especially phosphorus) of wetlands. This study
suggests that the production by phytoplankton and its characteristics in open water
of constructed wetland for water treatment should be considered to improve the
removal efficiency of organic matter.

Key words : primary production, photosynthetic paramenters, phytoplankton, open
water, constructed wetland
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TEAEY 1AYAS £FARANY oAy 2
EAAYALE] 7zAVA ParHAg oA @A HA)o)
= o] $tor (Ichimura, 1967; Wetzel ef al., 1972; Pierson
et al., 1992), F7FH 0 2= oozt 3 $2 0
3 BN 24 A DAL AL YHons
@2 977} 314l (Ichimura and Aruga, 1964; Likens,
1975; Wetzel, 2001).

FARAL) HANAE AEEY2E Shes 79
3 G Fol YA o5 1P AT HuAe
Ndse ARAZ, B2, 294E, 24 5 249 37
271 28 A o} (Thornton, 1990; Wetzel, 2001). &
Rz fo] WE HHANE FREFY 1344
2§ 22 saNE SUUe) oo AleE
YRES szl % AN 7| E5 2 g,
AFEAE FANE] AR 454 (closed water)
g7 0 PR FAAG ALLTFY A
(open water) 2.2 FA o] Q17| W] $PAEZ B
AEF 222 AEEFIEC] BF 549 134447}
2 & glom, A 9 429 Aol st Aam
3} open water W, 413 AFAZ 5o s A9

&

dubq oz QlF<3| AA Al open watere] WA 7
T AA SAHEHY 15~50%F A4 57
A} 2004), o] AFEAANA 12HYA 3 Al BEe
FE9 Z|d=rt BA 45& AR 538 $AAsE
FHoz 2AE ATEXY ASel= JkdRyl Fu
g et FFE7 WE) 7o) ARl A]7)d)
+7419 open waterd| A AEEF=EL] fgF=ie 7}
He3 o3t Aol o8 $A9 KY5RT} §25
A #2718 W YR st A el A9t 9l
THEPA, 2000). &, ATEA oA AESF=aEe] gt
1AL g {71837 419 448 28e A
A7 24le] @ £ itk a8lma QlEgsR|dA] A
EEGIE AT #7189 AAEE AT Frls)
T 97 2R g W et g
E78ET S AFHA NN ABEFIE 28 13}
AAEE 218 A A9 ¢

AEEFZE T 1AYALS) AR o= Platt et al.
(1980)9] 33HA-3% =4 (photosynthesis-irradiance cur-
ve; P-Icurve)& F2 0]-831=1 o] malg 3 o)z
S AEBEYAEY BFYEA Ha Ans

L ol fo

N

Mg - ASE - =HF - uHA

A 23k}, Harrison et al. (1985)e] 2j&}A Platt et al.
(1980)2] P-1 2dllo) 23] deojzl Wfz: RA|, Folzl
g el FolM 7lsdt HAGFFAESEE el
€ Pmax, 34, W& F=oddel e FINE=E e
W P-Icurve?] 27|7)27] (initial slope: o), A A, B
B= o]} ¥ =M FFA S=7) FHade A
=2 eplE 343 A4 (photoinhibition coefficient: B)
7b sler, o]& WHES AEEFIE] £, Y, Y
A7 59 AW} Ag H5A2 Fustel] we ¥
Seh= Aoz d8x BIYEAHE o8t =80
¥t} (Harrison and Platt, 1980; Morris, 1980).

FA9) 1A Wmskn JglE Adsre
RE mmAcr 1Y 12} A (Daily primary productivi-
ty: APd) == LEHAT A7 123441 (Yearly prima-
ry productivity: APy)e] go] o|-g¥t}. 7)& dFe =}
gl o3t AT 19 1344H=¢] 600 mgC m™
day™ =¥ 1,000 mgC m2 day ! o)A} HojoF Alela}
B 15} (Likens, 1975). 3+ o344 = (Pmax)
E A EZg3EL] chlorophyll a (Chl a)5 =2 1}i-o]
NEgImEe] 99 AR PG 144
L 331= P-1-249] =3}44(assimilation number:
AN; Pmax/Chl. a)= A EEFIES] SE=FAPHED)
£ JehE &= A}2-E=}(Dunstan, 1973; Harrison
and Platt, 1980). Yub o2 ANZHe] Wzl o 34
89 F AUSHEF =9 H#o] = (Gachter et al.,
1974; Glooschenko et al., 1974), £ 2] JofA )7} 27}
g2 AN = AR Aoz ¥ 7159} (Ichiki, 1986;
Nakanish et al., 1988).

E d7edAe 3 A Fre £dAse A3ls
AFFANA AEgFaE 28 FFHEA 134
A Hrbe B3t AEEHIEY 478 £4
o) A &gl v Jo) e HEsT olF =
A2 FA19 o #E AT ke A sz sk
o}

1. Z22HA] A8

Agts AFEFAE 19969 7Y ARl A hmat a3}
3 AN FFEN ] A AFE AF FUA
Al A, 3, A S B8 dEE AR Y &
A 5 A AN T 2 BE e AdA

Ak e olgstel N2 & APz HAY=S 5]
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et =AHAT 2AGA AZE ATFAE FUH
= 37 sHHY fHEA ]S A - Fe] 43.6%2 A=
BFulE 225%9 A3kE F-99] 36.1 Bt ol Fel
$-A3 FAEA S Be(FHEAFAL 1997).
Az Q2452 WA 75ha (750,623 mH 2 2] 3
o Fxeld, 19973 9ol Fgale] 2002 594 £7
Moz s Qv 28l AlFE IFEAE st
A A2 e FA2 FEEY £ 30y A= A
Hoj glom, vt ALA 9} F3HA "‘11 FA 24429
9] le%‘ EAA aHR 9 AEAR FEHE v AR
- A5A) F-o] ¢iv}(Table 1, Fig. 1).

Table 1. Hydrological characteristics of Sihwa construct-

ed wetland.
Bed Area Operating ~ Hydraulic
Wetland elevation (ha) depth  residence time
(a.s.l. m) (cm) (days)
Banwol  High 35 19 5~10
Wetland Low 15 23 Irregular
Donghwa High 3.5 15 30~ 60 4~8
Wetland Low 1.5 11 Irregular
Samhwa
Wetland L5 7 25
Total 75

B AFelA "“’“‘%L Eol 23 1A A&
23t A= A EA] (4], A Ayol A= =21, AFAZ
I He oo ﬂ Az FEHe] e HeH F
313 2] open water (BFIAAAX E3HE dAle= 574
AL AR st 20054 39HE] 104717 & 113] Al

Alstsdet (Fig. 1).
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3.

l'}l

Ay

NesdaEs 1R SR04 ST B
We olasgon BODEE Fete wish A7)
FBzo) w2 A A3 P-1 FAH (Platt et ol
1980)7} 19 E<ke] A= 2 A=A S o] 83t 1
1A AlAbsHT

AR AFE HLRARAA (St Do} DA 53] (St
2), b A& (St. 3), THALEA (St. 4), FHAAE
2] (St. 5) X4 &) open waterol|A| EZ5E A3}, 300
mL BODHol| Zt7te] A3 o} St 1 A|HAA AL
AehE AFE o 2402 kel BRFE 2R3
Aok B= BPIG AL pAE2 BODYE 34
& 2> 9] stainless steel2 A3 Wl g2E o]4-319
o} (Fig. 2).
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Fig. 1. Map showing the sampling sites for primary production measurement in the Sihwa wetland.
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Fig. 2. The apparatus for incubation of BOD bottle with
depth in primary production experiment by light-
dark bottle method.

AEEFIZE 3 BT SFolM ] 1314
R 2FFE AL FHE ohew 2oh(Wetzel and
Likens, 1991).

+ ZXAH(GP. gross photosynthesis)
mgC m™3 hr'=(LB-DB) x 1000 X 0.375/(PQ X t)

« &% (R, respiration)
mgC m™ hr'=IB—-DB) X (RQ) X 1000 X 0.375 X t~!
o] 7]l A,

LB : DO (dissolved oxygen concentration in light bot-
tle, mg LY

DB : DO (dissolved oxygen concentration in dark bot-
tle, mg L)

IB : DO (initial dissolved oxygen concentration, mgL™Y)

t  :incubation time (hr)

PQ : photosynthetic quotient (molecules of oxygen lib-
erated during photosynthesis/molecules of CO,
agsimilation: +A0,/—ACO,=1.2

RQ : respiratory quotient (molecules of CO, liberated
during respiration/molecules of oxygen consumed:
+ACOy/—AQ,)=1.0

A9 Arke B8 deixl 19 1AYARE 5739

UsE - =T - 4HY

3 452 0 3= A FREJEE o] g3t Smm
A 19 1xpAge s Akl 223 Asts
FTaAeAY 1Y 13442 sadAdY 19 1X94F
Holl $219] fEHAE Folo AT el Yo
A+ Fotx WY Fatsle] Az 1AQAle s Ay
Sk 2495 e 1-293% 1298 Waes 2
et 919 B9 DAY 19 14PN AR
AHE& dF9] BA =+ Fig. 33 3.

su Y £48 Fx= Li-COR) under water pho-
tometer (LI-250A)2 ©]-43le] 10cm 71402 $ZI4v
2 2989, Feasty slerlene A4 A
AbStg ). 424 o H%E Lorenzen (1967)¢] ¥l o}
g B3l 1, 8244 (dissolved oxygen: DO) FE=
DO meter (YSI 58)8 o] &3] AR = stk &
449 H-H4 38 E (suspended solids: SS), 22 (total
phosphorus: TP), 78] &34~ (total nitrogen: TN):=
TG 28 FHsHt

A% o nF

1. 34 F5A)2] open watert] chl.a % W3}

Chl a s== AEZFIES] A ehin, A
FellA] LS Fgslr) el Aokl w13}
Aate] Apol7h el 2A|ZE F9t AlBkE AFER]
open watero| Al A]B-Z&FEL] chl. ¢ 5+ 9.2~275.4
mg m> W2 BYT, =342 (9.2~188.4 mg m™3)
of vls] HFIAER) (18.7~275.4mg m3)el|A & Zke
2o} (Fig. 4).

THAY AEAE HF chl o B VLR e
&A1 71 132.0+82.7 mgm 32 7&4%]9) 88.6+59.0 mg
me] Ma $9hc} (Fig. o). Wbl E3Hae) Aor Aa
2] (67.9+44.7 mg m3)2} 74X (78.34+57.3 mg m?)o))
A chl o BEE 2 AolE Belx WA, nEAe
chl. a =7} ARl vls] 97F E9hol(Fig. 4b). o2
A B3 LHAEA AN L chl. o FEE ¥l
AL 20059 198E 5974A] dAA &R AP
pilot plant FA}Z Qs 2] f3)] A §dl7, o]z
As) o] 717k Ft AFR ] AAZA o] 2B Eg=Ee
AL 7Y WEez Alsdo) I YA v4x
W open water®] A} - 8}F7F chl o FEE T AFFH
HAAA St. 12 - HF 56.3+33.7mg m 32 357
52 St 2 A Al vlE YA Fxo) ALHEL v
%3 F& BT (Fig. 4a).




1) measure P-I relationship

2) Photosynthesis with light intensity
are fitted to P-I model by least square
method

-ol -pL
P=Ps-(1-e"™ )-efs

3) diel variation of light intensity
I(z)=Io(1-R) [exp(-k + Z)]

4) diel variation of productivity is calcu-
lated and intergrated
sunset

P(t)dt

sunrise

Pzd=

5) productivity per area

Zm
P(zd)dz

Om

APd=
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Fig. 3. Schematic diagram showing the measurements and calculation procedure of primary productivity.

FAY chl. 0 =9 ARHEE T5AY A$A7L
v AeE Byl v Wi ALA 9} F3AER] A
olell &= v 7eE Boh(Fig. 4). iHdAHA 8] A4 4
Yol FA3] Z7sl9 A 7‘}_1-6}9\1_1-, 7ol T
57}'3]—\:]—7]— I o) ZFAEe= AdS 19t} (Fig. 4a). ¥
o, FHEA Y AL 7Y I5AE A L3k 54l oF
7t %7}6}‘47} A A Ryt

B dA7AAdzRE] XFE QTLA W open waterd)
chl. a 5% Forsberg and Ryding (1980)¢] A A]g} XLod

F 4% TmgmiE BF AFHE Aoz vehgon,
ot AEz AFEANAN ABEFTEA 3 1444
o] v =T A& A

2, P-I curve?] X945 9 F3A EA

AEE olTEA| oA Al BZet=EQ] Pl curve 2 A
SE BYAGA G FHASANN Aol 23l AL
Aoz W%e] ZH(Table 2).
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D Y2 FAEE (Pmax)9} 345 (AN)
ZAP|ZF E9b A3E Q24X 57 open waterd]]
A A2EFIEY NPT 4E (Pmax)s 42~1,014
mgC m® hr'2 chl ¢ F=9 v}7Ix 2 WL AA 53

U - YSY - MY -

USE - =MF - yHE

(8t. 3)ol| Al BF Pmax7} 448 mgC m™® hrl2 714 =4
yebgd s, AR (St DolH FF 268 mgC m™
hrlg 7p4 W& k& B4t (Table 2). S35
Pmax¥ 314A] (St. 4964 ZF 439 mgC m 2 hr'l, 2]%5

A (St. 5)o A 419mgC m™ hrlz ¥MIAA LA w P
L e BAAT A" 349 St 17 St. 2 FHF

0 (a) i S’t% Pmax 384 mgC m™? hr Y&t} & k& Bk 39 1
& 2001 —a St. 3 +79 A4A)7t Pmaxes HHA XM= 2oz} 3

4 9 uh SRS 95T ghe B
H 100 AEs JF35A Al BZEaES] I Pmax: 399.9
'g mgC m3 hrig 4£¢k39] 1097 A E=g=aEe] JF
g ¢ Mar. Apr. ' May Jun. Jul Aug. ‘ Sep. " Oct. Pmax 12.5mgC m* hr™! (3, 1996) 2=} 4] ¥ 2 3k
§ 300 2 Rt} Pmax: $5004 B4 Bejsl AeE
= B o= St.4 FzEe) AAFe] Wers A vehied Atz
'g 200 4 =S5 FT5A9 Z$% chl a =2} PmaxAlolo] oF2] AF#H(R
5o o l=noc.’47)—-g? Hel Aoz Mol (Fig. 5-a) AlE35. Qg7 2
F3 Pmaxy AEEFIEY A 7" Aoz

o . ) ' | ' ' : i)
Mar. Apr. May Jun. Jul. Aug. Sep. Oct. ] -‘a”

 AEEHIEY] HAFPANEEE chl o 522
EF3st ePd wiAWSE 53 (AN)E 31 4
EEYIEY] FPNEEE zHeE=d o)gdHo A3
Z QE4A A EZgaEL ANE 0.3~39.2¢C gChlt
he! (3 6.8¢C gChl hr)e] W9jz Az =7

Month

Fig. 4. Seasonal variation of chlorophyll ¢ concentration
in the Sihwa Constructed Wetland (a: Banwol
Wetland, b: Donghwa Wetland).

Table 2. P-I model parameters in open water of the Sihwa constructed wetland (Units: Pmax: mgC m™ hr™!, AN: gC gChl™!
hr™!, initial slope (c) and photoinhibition (B): g€ m2 gChl ' EY).

Mar. 28 Apr.11 Apr.28 May25 Jun.22 Jul.6 Jul.27 Aug. 17 Aug. 31 Sep.14 Oct. 27

Parameter  Site

St. 1 42 49 220 96 280 199 687 344 511 336 186

St. 2 63 52 231 128 523 227 850 606 667 660 219

Pmax St. 3 313 314 975 928 300 570 447 854 309 122 245
St. 4 119 146 270 654 674 66 1,014 683 649 431 125

St. 5 106 110 598 594 611 596 796 625 303 85 187

St. 1 3.7 0.5 2.7 31 5.0 6.3 6.4 4.9 7.8 9.5 9.1

St. 2 17 0.3 2.2 4.2 4.1 4.6 4.6 5.2 9.5 24.6 51

AN St. 3 25 1.5 3.5 5.0 2.1 3.5 3.5 5.8 12.7 4.6 17.9
St. 4 14 4.3 3.8 4.4 5.6 5.4 5.4 6.8 16.8 39.2 2.5

St. 5 1.8 11 7.0 3.7 6.0 7.8 14.3 9.5 17.0 4.9 20.3

St. 1 8.2 3.7 124 3.2 9.1 2.9 10.0 11.0 19.7 11.2 15.2

St. 2 3.1 2.1 4.3 3.8 8.3 3.7 12.0 10.5 184 35.0 12.4

o St. 3 10.2 7.4 144 16.2 2.5 9.5 7.4 13.8 23.0 8.2 25.0
St, 4 41 71 12.2 10.2 10.7 9.2 14.1 16.0 41.0 47.0 3.2

St. 5 6.0 3.0 26.1 8.9 15.0 24.0 17.6 16.7 45.0 10.3 18.2

St. 1 0.07 0.10 0.06 0.60 0.00 0.00 0.76 0.01 0.07 0.14 0.43

St. 2 0.22 0.03 0.11 0.67 0.09 0.01 0.00 0.00 0.00 0.02 0.00

B St. 3 0.06 0.04 0.01 0.00 0.29 0.06 0.11 0.00 0.00 0.00 1.30
St. 4 0.21 0.90 0.01 0.27 0.13 0.02 0.09 0.00 0.00 1.23 0.02

St. 5 0.07 0.05 0.01 0.00 0.16 0.05 0.86 0.00 0.00 0.07 0.96
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Fig. 5. Relationships between chlorophyll a (Chl. a) concentration and Pmax, and initial slope (o) and assimilation number

(AN).

Table 3. Concentrations of suspended solids (SS), total
nitrogen (TN), and total phosphorus (TP) of the
inflowing streams into Sihwa constructed wet-
land, from March to October 2005. Values indi-
cate Mean+ SD (range) of concentration.

SS TN TP N/P
Stream (mgLY)  (mgLY (mg L) ratio
Banwol 276+16.3 9.1+75 0.299+0.319 50.8+36.0
(10.1~74.7) (2.0~25.9) (0.064~1.115) (5.0~102.2)
Donghwa 22.3+19.7 6.2+25 0.397+£0.202 19.1+10.6

(1.0~80.0) (2.9~10.4) (0.108~0.800) (6.5~38.6)

WE39 g (Table 2). T 4% % 1579 2579
AN k2 xpolE Heolx] skt TEly F3pA A
ANZlol ¥F 85gC gChl! hr'z uMIASA ) HF
5.8gC gChl ' hr ¥} & & Red FIHEA S 4
EZaES] AL E Aoz el
gubr o g Al B-ZaE AN $Al2] iR
Fxot 2 B3] glod, A AV} FIMESE
2 & Role Hez B¢t (Ichimura and Aruga,
1964; Gachter et al., 1974; Glooschenko et al., 1974). &=
3} 51(1996)9) o) &3l AoFso|A] AN Zhe] 1986
Qe 19891714 0.1~8gC gChl ' hr A =9] 7k 1
olt}7} 1 o] 3= 2~15gC gChl ' hr 2 27131 7
& ngom, o]zt ANS| Ve 4% Q F=
Z71 7= R e Aoz AN AW 243
o] Bojoksl AA I dAIT ST A F 5 AT
9] #F AN 72 6.8gC gChl' hrl2 Az 9 107
7 3.7gC gChl™* hr' (3}, 1996) Bt} A=k Zebd &}

F 37)e] FF 12.5gC gChl ' hr 'R} 2+2 & Ry
o Alzts Q3R] ddAF FEF e A6
H)8] Hgol® B8} (Table 3) W& ANE B3l 7&
£79 gEgEEdo] @i WE 3l = el
718 Aoz Atz Fch

£ dreA 7 A2 FuEE A S
JYdF F Axs A9 o} U PEE &

AeA FF 9.1mg L1(2.0~259mg L'Hz F3HA
62mg L 1(29~104mg LHET ¥& e Bl 4
%9} (total phosphorus: TP) = Ho=z ukdH o]
0.229 mg L1 (0.064~1.115mg L'h o2 E#32] 0.397
mg L1 (108.6~800.0 mg LHxr} F& EAL ¥
F AN o]gA ApEEE TN TP FEt AT
= 3pHe) TN/TP H|9| 2 XolE Relx ZAFE 7HA2
o} (3 TN/TP v): vFgA 50.8, 3H4 19.1). % 3hA <]
+RAEQ o2 RE AEEYIEY] JFPHaLL ALY
o ¢l Fx JE]l3 W& TN/TPet e e o=
Atz Eot.

2) 385 (3} FAH B A

P-Icurved] w2 Fx g9 sgshe 27 A5+357t
HEe 27)7]87 (o)t B, w2 Bl AT AHEE
gaEe] FAEHS etk A7 dEAl vz
= 27171877 2 AEEHIE LA dA=R w2
B 5L woln, 27|7)e7|7t Avke AL 1RkE
grdolaty ZHEFE 4 (3} 1996). Pickett and
Myers (1966)2] B3¢l olsbd A B-EFHTE Chilorella

gk
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9] AN 27171717} 4549 FREA o)
AREG T dasch AEEFAEY o A &
@89 AL PRE 2~49gC m 2 gChl! E™! (Platt and
Jassby, 1976)9] WAL, F4l %)z AeEFA
E2] A% 1~30gC m2gChl't E1 (3}, 1996)2) Y=
A z7el WP E zpolE Bl d2n 33(1996)>
&2zl S 271718717 dFe] ¥ Agd ¥
A B AAR o E 3o]E BTty Byl

B dFdA AE d3EAS AeEFIEY PI
curve?] Z7|7]&7]+ 2.1~47.04gC m2 gChl' E'&
A EF2ERT F3, 2939 v FE B
(Table 2). A|A¥M 7 2717|1L7] 2 HbEA9 A%
25X)8} A 4R A] ZHzt 10.83gC m2 gChl ™! B, 12.5
gCm™2 gChl' B9 3, $3H5AY A9 mHA el
15.9 gC m™2 gChl! E*1, A %A]e|4] 17.3 gC m 2 gChl™!
Eo g ddAHEAe] vg] F3AFAAN B 3
2, 347 Bohe AEACA 22 A%E 1ok
Heyman (1983)2] 7ol 2l5lwl HAF= o3l e
3 2RAM AEEHaEY SAAEEE Aok Fol

CHBYUE - ASY - UMY - YSFE - ZHF - 4H

ojs] =A AL W= Aoz eyt 182z 3
AEA9) ¥ 27171871 ANF vp7lx 2 F31 9
F2 9 yxo UAHZ Ae] g Aoz Als¥eh 2
B2 AlEtE QlFER|e 27]7]€7]9F ANALoldlE 2
ko] A (R=0.81)% HQl Aoz Hel(Fig 5b) @2 3
F7RA B EHe] Z ABEFAE] FPEEE
Z Aoz g

g A EEFAEL HAFPYEE o] 2 F
Z M= F3A o] Fade Aol sl ol#d A4
£ 343 (photoinhibition)g} 2 g} £ JFoAM JF
£29 FAAASP)E HF 0.18gC m? gChlt E!
(0.00~1.30 gC m2 gChl'' E'HZ uF4A4%(0.13 gC
m? gChl' E'Yxe} S334%] (0.23gC m2gChl E)
A =74 VeElge}(Table 2). Vollenweider and Nau-
werck (1961)2] R w9l 23l TF =9 slAFAde] F
Aol feloz ghgtolqt vepdtla sl o, 11 o] F-
2] 43 (Lorenzen and Fast, 1976; Jokiel and York,
1984; 7 5, 199 A& FAfo] AL Al & JF
£ echa igdeh 53] 71 5(1994)9) A7) 2)sd

Table 4. Daily primary productivity (APd) in the fresh water ecosystems of Korea and the criteria of trophic state.

Study sites & periods

APd (mgC m? day™) References

(mean=+SD)
583~ 8,436
St.1 (3,535 +2,820)
481~8,813
Banwol wetland St. 2 (3,726+3,047)
. 1,027~11,275 .
Sihwa wetland St. 3 (5,143 +3,660) In this study
. 612~10,325
St. 4 " {4,406+ 3,469)
Donghwa wetland
St 5 742~ 6,902
: (4,244+2,751)
Sovan (1984~ 1988) 100~ 1,800 Kim & Kim (1989)
vang (1989~ 1995) 50~ 5,000 Hwang (1996)
Lake Paldan (1987~1988) 500~ 1,000 Kim and Kim (1990)
g (1993~ 1994) 730~ 2,300 Kim (unpublished)
Dachon (1991) 200~ 2,490 Hwang et al. (1994)
g (1993~ 1994) 100~ 2,470 Kim (unpublished)
Han (1993~ 1994) 140~4,980 Kim (unpublished)
(1986~ 1987) 20~ 2,600 KOWACO (1987)
Stream Nakdong (1991 ~ 1992) 130~2,050 Lee et al. (1993)
Sonakdong (1991~ 1992) 280~ 12,700 Lee et al.(1994)
Criteria of Eutrophic > 600
trophic state Mt?so’crophi.c 250~1,000 Likens (1975)
Oligotrophic <300
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359 A A 1APAE L AF AE S s
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Fig. 6. Daily primary productivity (APd) in open waters of
the Sihwa Constructed Wetland.
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