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Comparison of the Fertility of Stream Waters Depending on the Drainage Systems in the
Lake Shihwa Watershed, Korea. Shin, Jae-Ki, Soon-Jin Hwang* Dong-Sup Kim?! and
Chang-Keun Kang? (Department of Biological Systems Engineering, Konkuk University,
Seoul 143-701, Korea; 'Water Resources Research Institute, Korea Water Resources
Corporation (KOWACO), Taejon 305-390, Korea; 2Division of Environmental Management,
National Fisheries Research & Development Institute (NFRDI), Pusan 619-902, Korea)

The fertility of stream water in major streams of the Lake Shihwa Watershed was
compared using water analyses and algal growth potential test (AGPT) in typical
drought seasons from December 2001 to April 2002. The water quality varied
considerably depending on streams. These streams were very rich in inorganic
nutrients that the nutrient levels and characteristics of each stream could be easily
determined. Through AGPT, 63.6% of growth was observed in the average values of
each stream, with non-growth accounting for 36.4%. AGPT results showed that
40.9% of the 22 stations were in hypertrophic condition and 54.5% in eutrophic
condition. AGPT values were significantly correlated with TIN, NH4, and SRP (p<
0.001); compared to other nutrients, however, they were more related to SRP and
NH4. Moreover, the values increased with high concentration of N and P and low
N/P ratios. Nonetheless, the values were more dependent on P concentration than N
concentration. This suggests that the effect of P on the water quality of lake situated
in downstream may serve as a potential indicator of phytoplankton development.
Depending on the drainage pattern of streams, the wastewaters of wastewater
treatment plant (WwTP) and untreated wastewater (UTW) were found to have 53.4%
and 46.6%, respevtively, of TIN, 51.9% and 48.1% of NHa, 62.9% and 37.1% of NOs, 62.6%
and 37.4% of SRP, and 44.1% and 55.9% of SRSi. The AGPT value was 51.1% in WwTP
wastewater and 48.9% in UTW wastewater, the concentration of WwTP wastewater
was slightly higher. For untreated wastewaters flowing into the constructed
wetland and into the lake, TIN accounts for 43.0% and 57.0%, respectively, of
nitrogen components, NH4 44.4% and 55.6%, NO3z 39.6% and 60.4%, SRP 53.5% and
46.5%, and SRSi 52.3% and 47.7%, respectively. The AGPT value was 58.0% in the
constructed wetland and 42.0% in Lake Shihwa; the concentration in streams flow-
ing into the wetland was slightly higher. Therefore, persistent and large devel-
opment of phytoplankton in Lake Shihwa cannot be prevented unless a measure to
phytoplankton control is implemented. This is because the concentration of nu-
trients in specific streams flowing into the lake is very high, even though the inflow
of water is low.
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Fig. 1. Map showing sampling locations for water quality and algal growth potential test (AGPT) in Lake Shihwa
Watershed and its streams. Numerics indicate the sampling streams as follow: 1 (SHG-1), 2 (SHG-2), 3 (SHG-3),
4 (SHG-4), 5 (TGW), 6 (SHI), 7 (PAT-7), 8 (PAT-6), 9 (PAT-5), 10 (PAT-4), 11 (PAT-3), 12 (PAT-2), 13 (PAT-1),
14 (PAW), 15 (HWA), 16 (ANS), 17 (KUR), 18 (HWA+ANS), 19 (PON), 20 (PAN), 21 (TON), and 22 (SAM),
respectively.

126°45'

Table 1. Mean (£SD) values of environmental factors in the stream water of the Lake Shihwa Watershed during
December 2001 to April 2002.

Factors Mean Maximum Minimum
Total inorganic nitrogen (ug N/I) 3,262.6+£1,524.2 5,670.4 57.0
Ammonium (ug N/I) 2,914.6+1,428.8 4,941.4 57.0
Nitrate (ug N/I) 379.0+251.7 729.0 0.0
Soluble reactive phosphorus (ug P/1) 286.0+723.5 4,356.7 0.0
Soluble reactive silicon (ug Si/l) 1,887.9+2,014.1 14,094.7 186.7
TIN/SRP ratio 15,294 +18,808 50,930 1.1
Algal growth potential test (mg dw/l) 29.5+46.0 145.0 0.0
bdateZ silicomolybdateE 3 A]7] %, oxalic acidE MA vl X] (Watanabe, 1996)ol| 4] Aujj ofalact (A3 =
H7}lsle] =A3}= sodium molybdate] 02 A =3}l 2000). Membrane filter (0.45 um, Millipore) 2 o] Z}3F ¢
o} Z=37]A A (total inorganic nitrogen, TIN)= NH,%} Z=o]] P-starvationA]Z] M. aeruginosa® mi 1x10°
NO;s2| 8o 2 AAkslg ). AzZz7F H =3 HE359 ) (Claesson and Forsberg,
A2 v xE Hrlslr] ¢3) algal growth po- 1978; APHA et al., 1995; A1, 1998). AGPT: duplicate 2
tential test (AGPT)el| A125 A|¥xH{= 2FFo0=2 A} 3, AEE A2 79 Z9F wjeksk & 600 nm IAF
253 9lx= J=F Microcystis aeruginosa KitzE A A EFIAxE ZA3gon, HEHoz HAFIF (Mg
st} (APHA et al., 1995). M. aeruginosa: XA & dw/l) o2 AF&3lgit} (4], 1998). wjoF 2=+ 25°Ce] 3

A A sle] TAZE manipulator2 E2] ol oFstd 1, 25 A8k A, B 200 pmol m? iR 24A17F A4
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ZAFsg om, vl
Atz 2] AHEA
< o] g3tk

AlEts o] F2o sPHeA 247 (12~49)5 <t
=2x5 AL g = TING I 5= 3,262.6 ug N/I
0193, H L 5.670.4 ug N/, HAZES 57.0 g N/l o)
%Atk (Table 1). SHG (1)~SHG (4)= 3t} Hs17F 2
7} 3,559.5 ug N/I, 881.5~5,093.0 pg N/1¢] ¢l 31, TGWE=
4,344.5 ug N/, 4,076.7~4,612.2 ug N/I, SHI= 4,144.9
ug N/1, 3,188.8~4,978.2 ug N/I, PAT (1)~ PAT (7)2
3,792.4 ug N/I, 1,768.1~5,509.2 ug N/l, PAW: 1,414.5
ug N/I, 338.1~2,577.1 ug N/I, HWAX 4,912.4 ug N/,
4,782.6~5,042.2 ug N/I, ANS= 3,308.9 pg N/I, 3,080.9
~3,536.8 ug N/I, KURS 4,559.3 ug N/I, HWA+ANS:
2,820.0 pg N/I, 1,805.4~3,608.0 ug N/I, PON-& 2,102.9
ug N/I, PANS 4,394.9 ug N/I, 3,621.8~4,693.9 pg N/I,
TON-2 2,555.7 ug N/I, 686.4~4,766.6 ug N/l @ SAM-2
928.9 ug N/I, 57.0~3,333.1 ug N/lo] gk (Fig. 2A). 5+

3 ZFellA SHG, TGW, PAT, HWA, KUR % PAN-2
9 39 HF = 2 FFEIUH-

NHsE 3t F%7F 2,914.6 ug N/le|gl 3, gk
4,941.4 ug N/l, 2 A7k-2 57 ug N/lo] g} (Table 1). SHG
(1)~SHG (4= Hw3t W97 247 3,123.5ug N/,
570.2~4,570.2 ug N/l°] gl 3, TGWE: 2,386.4 pg N/I,
1,309.0~3,463.7 pg N/I, SHI= 3,997.5 ug N/I, 3,188.8
~4,535.9 ug N/I, PAT (1) ~PAT (7)-2 3,220.2 ug N/I,
1,511.8~4,810.8 pg N/I, PAW: 1,391.9 ug N/I, 302.2
~2,577.1 ug N/I, HWAX 4,735.2 ug N/I, 4,529.0 ~
4,941.4 ug N/I, ANS:= 2,910.5 ug N/I, 2,865.8~2,955.1
ug N/, KURS 4,556.5 ug N/I, HWA+ANSY: 2,711.1 ug
N/I, 1,443.1~3,608.0 ug N/I, PON-& 2,102.9 ug N/I, PAN
£ 4,214.6 ug N/I, 3,621.8~4,693.9 ug N/I, TONZ
2,310.2 ug N/I, 416.7~4,295.3 ug N/l 2 SAM-S 921.3
ug N/, 5.7~3,333.1 ug N/l1o]gt} (Fig. 2B). o] Sl A
HWAZ} 7} =9F31, SAMo| HlmA JF& v 2 ng
o}

NOs&= H4 =7} 379.0 ug N/, H 3>
729.0 ug N/I, &]5\_%}% 0 ug N/IO]?}D]-(TabIe 1). SHG
(1)~SHG 4= I3 W7 22 463.5 ug NI,
66.7~729.0 ug N/I°]9) 3, TGWX 458.1 ug N/I, 303.2
~613.0ug N/I, SHI= 442.3 pg N/I, PAT (1)~ PAT (7)&
556.5 pug N/I, 146.1~698.4 ug N/I, PAW+= 65.0 ug N/I,
18.4~100.8 ug N/I, HWAX= 189.7 ug N/I, 125.8~ 253.6
Hg N/I, ANSE 671.0 ug N/I, KURS 2.8 ug N/I, HWA

o}F7= 100~110 rpme =2 3| A A Zc}
© SYSTAT® 8.0(SPSS, 1998) =& 71 f%i

7&%@ . 2R

O o -

+ANSE 217.8ug N/I, 73.2~362.3 ug N/I, PON-Z 0 g
N/l, PAN-2 359.8 ug N/I, 85.5~634.0 ug N/I, TON->
327.3ug N/I, 241.0~471.3ug N/I & SAM-2 10.1 ug N/I,
0~18.6 ug N/lo] i} (Fig. 2C). ©] oA ANSY} 7}&+
l;_c;}_ﬂ SAMo] 7}AF Y& =v= W)

S sHAeIA oz sel7l zE B o}
Heb Eysiadeh 249 v shiEe 2 d, Ne) W
5 Fo] 2w AL sHle] FelshA F2I 4 U9y
Aol by 4T B4 seshed f-askch
TIN A8 Zo|A] NH42} NOs:= SHG (1)~ SHG (4)¢1| A
Z+Z} 87.8%, 12.2%°] 1 3, TGWel|A] 54.9%, 45.1%, SHI
oAl 96.4%, 3.6%, PAT (1)~ PAT (7)ol A 84.9%, 15.1%,
PAWSI| A 98.4%, 1.6%, HWAGS A 96.4%, 3.6%, ANSH|
2] 88.0%, 12.0%, KURS|A] 99.9%, 0.1%, HWA+ANSS]|
2] 96.1%, 3.9%, PONel|A] 100%, 0%, PANel|A] 95.9%,
4.1%, TON®||A] 90.4%, 9.6% L SAMol| 4] 99.2%, 0.8%
2 Axstdon, et shAA NOs (r = 0.393,
p<0.001)Et} NH4(r=0.926, p<0.001)2] B|ZFo] Y%
& ok

SRPE= I %7} 286.0 ug P/lo]glx, 3t
4,356.7 ug P/, ?»]5:%}—; 0 ug P/l1o]gl} (Table 1). SHG
(1)~SHG (4= H3t} Hel7h 247+ 18.8ug P/, 0~
108.2 ug P/l, TGW: 2,178.4 ug P/l, 0~4,356.7 pg P/,
SHIX= 366.6 ug P/l, 0~879.4 ug P/I, PAT (1)~ PAT (7)<
535.3 ug P/l, 0~2,229.4 ug P/l, PAW: 50.2 ug P/l, 3.6
~149.1 ug P/l, HWA+= 284.7 ug P/l, 140.0~429.4 ug P/,
ANS: 0pg P/l, KURS 752.1 ug P/l, HWA+ANS:
30.6 pug P/l, 0~87.0 ug P/l, PON-& 0 pug P/l, PANS
996.8 ug P/l, 676.4~1,326.4 ug P/l, TON-> 69.6 ug P/,
0.6~220.3ug P/l & SAM-& 7.7 ug P/l, 0~30.9 ug P/l o]
9J ok (Fig. 2D). TGW, PAW, KUR @ PAN¢] SRP 51
49 HF e 453 AHGdw, 58 TeWs}
PANS 7}7t 5.6v), 2.64) & x3bahs 3ol it

SRSiE H %7} 1,887.9 ug Si/lo]gla, A2
14,094.7 pg Si/l, F AFE-2 186.7 ug Si/l o] ¢t} (Table 1).
SHG (1)~SHG ()= H#zt3+ Ws17h 77 830.4 g
Si/l, 236.0~1,763.1 pg Si/l, TGW+= 1,782.0 ug Si/l,
667.8~2,896.1 ug Si/l, SHI+= 6,381.5 pg Si/l, 2,387.0~
14,094.7 ug Si/l, PAT (1)~PAT (7)< 1,639.0 ug Si/l,
697.4~3,206.4 pg Si/ll, PAW:= 1,807.3 pg Si/l, 186.7 ~
3,497.0 ug Si/l, HWA:= 2,575.9 ug Si/l, 2,321.3~2,830.4
pg Si/l, ANS+= 3,021.7 ug Si/l, 2,748.3~3,295.1 ug Si/l,
KUR2 2,321.3 ug Si/l, HWA+ANS: 1,160.9 ug Si/l,
198.2~1,976.5 pg Si/l, PON-2 2,058.6 ug Si/l, PAN-2
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Fig. 2. Spatial distribution of mean values of inorganic nutrients and N/P ratio in the streams of Lake Shihwa Watershed
during December 2001 to April 2002. Numerics of scatter plot indicate as follow: 1 (SHG-1), 2 (SHG-2), 3 (SHG-3),
4 (SHG-4), 5 (TGW), 6 (SHI), 7 (PAT-7), 8 (PAT-6), 9 (PAT-5), 10 (PAT-4), 11 (PAT-3), 12 (PAT-2), 13 (PAT-1),
14 (PAW), 15 (HWA), 16 (ANS), 17 (KUR), 18 (HWA+ANS), 19 (PON), 20 (PAN), 21 (TON), and 22 (SAM),

respectively.

2,557.8 ug Si/l, 1,730.2~3,011.0 pg Si/l, TON-S 2,612.8
Hg Sill, 403.4~4,413.3 g Sill 2 SAM2 1,527.1 ug Sill,
452.9~3,556.2 pg Sill o] ¢l T} (Fig. 2E). 4% Six NI} P
JFde] FEE W, F2F ALE 2HE 5 9d:
g Fe 2clez z2gd 4 9u (4l &, 2001). A5
$9 sl HF == B o, Sizp TR FHolof

A el A AAe wet 2Rl Aol A o
& AT Aoz FAHU

N/P v]-&2 JF3ke] 15,2940|%1 31, ko | 4gh>
747} 50,9305} 1.10]¢lc} (Table 1). SHG (1)~ SHG (4)]
HF7E (H)L 29,026.0 (139~50,930.0), TGWE
20,384.1(1.1~40,767.0), SHI*= 10,637.7 (5.7~ 31,888.0),
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PAT (1) ~PAT (7)2 20,448.1 (2.0 ~49,478.0), PAW:=
139.1 (16.7 ~ 486.8), HWAX= 23.0 (11.7~34.2), ANSE=
33,088.5 (30,809.0~35,368.0), KUR2 6.1, HWA+ANS
= 12,114.6 (41.5~30,283.0), PON-2 21,029.0, PAN2
4.7 (3.5~6.9), TON-S 1,352.0 (21.6~5,223.0) @ SAM
©. 983.0 (107.9~2,005.0)°] §1T} (Fig. 2F). N2} P2] #]
o AvAeln e Wl ¥ 4 ol A%E £
e dgoz pA BH6 A AT GFIE P2}
¥ At Wiy 20 ooz PARel sgstech
(Porcella and Bishop, 1975). ©}2 3} B]s] HWA,
KUR % PANo] & Fo]gl31, o] Feo|A] KURI} PAN
< 100]3}2 4] 73 NAISHE of7|& 4 9l el
s wsksd o} (Fig. 2F).

AGPTZS I+ =7} 29.5mg dw/lo] gz, U gh-2
145.0 mg dw/l, F A7k 0mg dw/l o]l o} (Table 1). SHG
(1) ~SHG (2)¢] AGPT I F7 (89])& 6.0 mg dw/l
(0~35.2 mg dw/l), TGW:= 63.2 mg dw/l (0~126.3 mg
dw/l), SHI= 65.0 mg dw/l (0~122.2 mg dw/l), PAT
(1)~PAT (7)< 36.0mg dw/l (0~ 145.0 mg dw/l), PAW:=
15.9 mg dw/l (0.3~ 48.9 mg dw/l), HWAX 81.8 mg dw/l
(45.9~117.6 mg dw/l), ANSE= 0 mg dw/l, KURL 124.9
mg dw/l, HWA-+ANS+ 9.8 mg dw/l (0~28.2 mg dw/l),
PON-< 0 mg dw/l, PAN-2 108.0 mg dw/l (86.7~124.9
mg dw/l), TON-& 22.5mg dw/l (0~72.7 mg dw/l) ¥
SAM-& 2.4 mg dw/l (0~9.5 mg dw/l) ¢] ¢l o} (Fig. 3). 313
] AGPTE] Hitghel| A 63.6%7} AJAo] 2= wbHe,
36.4%7} TG A5l Assich

AEE fodolA AGPTe] o8 422 10mg dwile]
A& 3edok Abe (Sudo, 1980), 20 mg dw/l o] AH-S- 3}
oF Abel (Miller et al., 1974)2 = o, 227 AH
54.5%7} 10 mg dw/IRc} rgkar, Hodoke 450, 3}ofof
Aol 409%F St Hogop~ Tpoif guhel 4
£ 129l 3 -& SHG (2), TGW, SHI, PAT (3), PAT (4),
AW, HWA, KUR, PAN @ TONo°|glt} (Fig. 3). AGPT
A2 RE, A3t AEEFIES] WAl 3t
A50] s mla FGrghel sle] AFFAel 2o
x8)E z#sleeEls, TGW, SHI, HWA 2 KUR %4
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Fig. 3. Spatial distribution of mean values of algal grow-
th potential test (AGPT) in the streams of Lake
Shihwa Watershed during December 2001 to April
2002. Dotted lines indicate criterion of hyper-
trophic level as 20 mg dw/l. Numerics of scatter
plot indicate as follow: 1 (SHG-1), 2 (SHG-2), 3
(SHG-3), 4 (SHG-4), 5(TGW), 6 (SHI), 7 (PAT-7),
8 (PAT-6), 9 (PAT-5), 10 (PAT-4), 11 (PAT-3), 12
(PAT-2), 13 (PAT-1), 14 (PAW), 15 (HWA), 16
(ANS), 17 (KUR), 18 (HWA-+ANS), 19 (PON), 20
(PAN), 21 (TON), and 22 (SAM), respectively.
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Fig. 4. Relationships between inorganic nutrients, N/P ratio and algal growth potential test values in the streams of Lake
Shihwa Watershed during December 2001 to April 2002. Numerics of scatter plot indicate as follow: 2 (SHG-2), 5
(TGW), 6 (SHI), 10 (PAT-4), 11 (PAT-3), 14 (PAW), 15 (HWA), 17 (KUR), 20 (PAN), and 21 (TON), respectively.
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Table 2. Comparison of mean concentration of inorganic
nutrients and algal growth potential test depen-
ding on the drainage systems in the stream wa-
ter of the Lake Shihwa Watershed during De-
cember 2001 to April 2002. Numerics in paren-
thesis indicate relative abundance (%).

Total Untreated
Factors\ wastewater wastewater
Drai{lage WwWTP  UTW Constructed Lake

systems waste- waste-  wetland  Shihwa
water water (CWL) (LAK)
TIN (ug N/I) 3,7924 33150  2,626.3 3,487.1
(53.4) (46.6) (43.0) (57.0)
Ammonium 3,220.2 2,982.0 2,481.4 3,107.2
(g N/T) (51.9) (48.1) (44.4) (55.6)
Nitrate (ug N/I) 556.5 328.4 232.4 354.6
(62.9) (37.1) (39.6) (60.4)
SRP (ug P/) 535.3  320.4 358.0 3115
(62.6) (37.4) (53.5) (46.5)
SRSi (ug Si/l) 1,639.0 2,075.2 2,232.6 2,035.9
(44.1) (55.9) (52.3) (47.7)
AGPT (mg dw/l)  36.0 345 443 321
(51.1) (48.9) (58.0) (42.0)

x TIN: total inorganic nitrogen,
SRP: soluble reactive phosphorus, SRSi: soluble reactive silicon,
AGPT: algal growth potential test
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