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ABSTRACT

The water environmental characters of the Nakdong River, Geumho River and Sin Stream, both before-
flood (Aug. 24) and after-flood (Sept. 8), have been compared, and their effects on the growth of Spirodelu
polyriiza Shleiden have been examined. Before the flood, the concentrations of most of the chemical com-
ponents of the Geumho River were similar to those of the Sin Stream; (COD, 19.6~21.4; alkalinity, 177~
183; NHy*, 20.7~2t.4; NOy-, 3.9—~4.3; POS~, 3.4~3.7; Mg®", 42; Ca?', 68.5~69.7; Cl°, 90~092: Si0,,
10-1~11.2; S04, 11—32; LAS, 3.0~3.8; Cri™é*, 0.007~0.010ppm) but much higher than those of the
Nakdong River (30—~40 fold for NH,*, SO,*-, POs#" and LAS, and 2~5 fold for COD, alkalinity, NO,-,
Mg®, CI” and Cr?6%). Especially in the Geumho River. Secchi disk transparency was very low (17¢cm)
and DO was not detected. The flood caused sigrificant increases in some chemical components: NH,*, 1.0;
NO;*, 9.65 Si0,, 12.8 and SO4*7, 5.4ppm in the Nakdong River; DO, 1.0; NO,-, 0.92; NO,~, 22.2 and Si0,,
17.6ppm in the Geumho River; DO. 3.0; NOy7, 1.4; NO;7, 22.2; SiO,, 19.2 and SO,2-, 25.0ppm in the Sin
Stream. General species diversity index (}}) of phytoplankton community in the Nakdong River, Geumho
River and Sin Stream before lood was 3.1, 2.7 and 1.6, respectively. After the flood, the phytoplankten
growth was highly sparse in each river water, hence indices have no significance. The growth of §.
polyriize was enhanced in Geumho River water (max. RGR=26, day), while it ceased within 7days in
Nakdeng River water. Total chlorophyll content of S. polyrhiza in Nakdong River water, Geumho River
water and Sin Stream water was 1.04, 1.88 and 1.25 chl. mg/g frond, respectively after 1ldays incubation.
The concentration gradients of LAS (0.1~3.8ppm), Cd2*(0~0.02ppm) and Crs* (0. 004~0. 010ppm) by the

gradients of the field showed no significant inhibitions on the plant growth.

INTRODUCTION

The Nakdong River, the longest river(524km) con-
sisting of many tributaries in South Korea, flows
southward through the drainage area of Kyungpook
and Kyungnam provinces into the Korean Strait. The

two important tributaries, the Sin Stream and the

Geumho River, which flow through Taegu city and
the periphery drainage area, have been extremely
polluted by municipal sewage, but are still import-
ant sources of water supply to crop fields, industries
and domestic uses.

Recently many good investigations with respect to
stream water quality have been carried out: the ef-

fect of land use pattern on stream water quality (Hi-



rose et al., 1981), the establishment of model on
production and transport of pollutants produced by
land use(Couilard et al., 1980), the seasonal changes
of physico-chemical factors and the comparison of
pollution levels according to diversity indices of phy-
toplankton community(Eloranta, 1976; Hong et al.,
1979; Lee, 1980; Song et al., 1978; Wetzel, 1975;
Yang et al., 1981).

The present study was carried out to elucidate the
differences of water quality among the Nakdong Ri-
ver, Geumho River and Sin Stream, the effect of
flood on these water qualities, and the effect of these
river waters on the growth of duckweed, Spirodelu
polyrhiza Shleiden, which is very sensitive to en-

vironmental changes.
MATERIALS AND METHODS

Study sites were selected to include different water
sources in the respective drainage areas(IFig. 1). Site
1 on the Nakdong River was considered to be unaf-

fected by Taegu city, site 2 on the Geumho River
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Fig. 1. Map showing locations of sampling sites
1,2 and 3 on the Nakdong River, Geum-
ho River and Sin Stream.

was a dumping place of wastes from the city, and
site 3 on the Sin Stream was the midtown area.
Water sample for each site was collected in 1/ poly-
ethylene bottles from below the surface within 50cm
depth on August 24 (before flood) and September 8
(after flood), 1981.

On each sampling occasion, water temjerature,

turbidity (Secchi disk transparency), and flow-velocity

were recorded. Flow raie was calculated by multiply-
ing flow-velacity by cross area of the river. Chemical
analyses were conducted with following mcthods: DO,
Winkler method; COD, KMnO, method; pH. Fisher
pH meter; NH,*, Nesslerization method; NO,~, Griess
Romijn method; NO;-, UV-Spectrophotometer; PO~

Vanadomolybdophosphoric acid colorimetric method:

’

S0O¢27, Turbidimetric method; Ca®* and Mg+, EDTA
titrimetric method; Clv, Mohr method: SiO,, Molyb-
dosilicate method; Alkalinity, Standard method; Cd?+
Dithizon method; Cré#%*  Colorimetric methed; and
Surfactants, Methylene blue method(APHA, 1976;
Mizuno, 1972; Rai & Hill, 1980; Sedergaarden, 1979).
In order to measure the number of phytoplankton
individuals, 250~500m{ of sample water was filtered
with Whatman No. 1 paper and then washed off the
planktons attached on the paper in 10~20mi of dis-
tilled water, and then counted under microscope using
haemacytometer(welch, 1948). The analyses of the
biotic or species diversities were calculated according
to following formulas:
1) Index of dominance (c)
¢ = N (ni/N)2 (Simpson, 1949)
2) Indices of species diversity
a. Species richness index (d)
d =8 — 1/in N (Margalef, 1958)
b. Shannon index of general diversity ()
H = > (ni/N)In(ni/N)
Weaver, 1949; Margalef, 1968)

(Shannon and

¢. Evenness index (€)
¢ — H/IaS (Pielou, 1966)
where #ni = number of individual for each
species
N = total number of individual
S = number of species
The grewth responses of S. polvrhiza were inves-
tigated through sampled river waters and Yoshimura
culture solutions treated with environmental pollut-
ants of heavy metals and surfactants. Theee results
were cempared and interpreted in respect o the pre-
vailing concentrations in the sampled watcers. The
changes in the number of fronds were counted on
every alternate days. The total chlorophyll amount

was measured with DMSO method.



RESULTS AND DISCUSSION

1, Comparison of physico-chemical characters
in river waters before flood
The flow rate of each river before flood was sim-

ilar to that of dry season (Nakdong River, I11.6m%/

sec; Geumho River, 32.6m?3/sec). The pH in the Nak-
dong River indicated more or less a basic state, 8.7,
7.0~7.1(Table 1).

¥

Table 1. Some physical characteristics at 3 sites on
Nakdong River (N), Geumho River (G) and
Sin Stream (S) before (b.F.) and after flood

while the others neutral state,

(a.F.): W.T., water temp.; F.V., flow vel-
ocity; F.R., flow rate; Turb., turbidity
81,
. W.T. F.V. FR. Turb.
Date VIVET (5C) (m/sec) (mifsec) (emy P
8. 24 N 28 0.4 111.6 55 8.7
) G 28 0.1 32.6 17 7.0
R - - 71
9.8 N 23 0.6 452.6 28 7.5
G 24 0.1 44.8 95 7.1
- - - 7.2
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Fig. 2. Concentrations(Con. ppm) and loading rates
(Ld. kg/sec)of chemical factors in 3 sites on
Nakdong River, Geumho River and Sin
Stream, before (b Fl.) and after flood(a.Fl.):
); DO COD, alkalinity, Cl- and SiO,:(b);
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NH,*, NO,-, NO;-, PO~ and SO2-: (c);
Mg?+, Ca?t, Surf., Cd?* and Cr¥++: DW,
FL and CL; upper limit for drinking water,
industrial uses and cultural uses, respectiv-

ely. m; mean concentration of world rivers.

Especially in the Geumho River, the Secchi disk
transparency was very low, 17cm, because of lots of
suspended organic particles, and the concentration
of DO was near zero (Table | & Fig. 2a).

As shown in Fig. 2-a,b and ¢, the concentrations
of most of the chemical factors in the Geumho River
were similar to those in the Sin Stream (COD, 10.6
~21.4; 177~183; NH,*, 20.7~24.4;
NO;=, 3.9~4.3; PO&*, 3.4~3.75 Mg?t, 42; Ca®,
68.5~69.7; Cl-, 90~92; Si0,; 10.4~11.2; SO,
11~32; LAS, 3.0~3.8 and Cr?+:6: (. 007~0. 010ppm)
but 30~40 times higher for NH,*, SO, PO~ and
LAS, and 2~5 times higher for COD. alkalinity,
NO,-, Mg#" Cl- and Cr®#%* than those in the Nak-

alkalinity,

dong River. It is notable that the concentrations
of NH,", SO.2-, PO~ and LAS in the Geumho Ri-
ver and Sin Stream were extremely higher then those
in the Nakdong River. This may suggest that a good
deal of these components are generated by Taegu
city life(Hircse & Kuramoto, 1981).

2. Effect of the flood on physico-chemical factors

There was heavy precipitation of 345mm in Taegu
area Dbetween August 24 and September 3, 1981,
which caused a flood in the drainage areas. From
Table 1,

Geumho River came to a steady state (44.8m?/sec)

it is evident that the flow rate in the
more rapidly than that in the Nakdong River. The
Secchi disk transparency in the Geumho River was
much increased (95cm) as the flood washed off the
suspended crganic particles, while that in the Nak-
dong River was much decreased (28cm) because of
suspended clay particles. The pH of the Nakdong
River was changed from basic (8.7) to neutral(7.5)
state after floed, but very little changes were obser-
ved in the Geumho River and Sin Stream (7. 1~7.2).
It is nctable that the concentrations of some chem-
ical factors after the flood showed significantly in-
creased values: NH,*, 1.0; NO;-, 9.6; Si0O,, 12.8,
and SO.2-, 5.4ppm in the Nakdong River; DO, 1.0;
NO,~, 0.92; NO;-,

22.2 and SiO,, I7.6ppm in the

Geumbhto River; DO, 3.0;No,~, 1.4;NO;~, 22.2; Si0,,
19.2 and SO,2-, 25.0ppm in the Sin Stream (Fig.
2-a,b and c). Fig.2-a,b and c also demonstrate that
the loading rate of most of the chemical factors was

increased in the Nakdong River, but more or less

decreased in Geumho River except for S$i0,, NO,-
and NO;-.
Table 2a. Number of species and importance

probability for each species (ni/N) at
site 1 on Nakdong River.

a ’81. 8. 24.
Sp.No. Species Phylum R‘

1 Chlorella sp. Chloro. 0.18

2 Cyclotella sp. Chryso. 0.14

3 Merismopedia elegans Cyano. 0.08

4 Cyclotella sp. Chryso. 0.08

5 Dactlococcopsis sp. Cyano. 0. 06

6 Nitzschia palca Chryso. 0. 06

7 Dactrylococcopsis sp.  Cyano. 0. 06

8 Cyclotella meneghiniana Chryso. 0.03

9 Senedesmus sp. Chloro. 0.02

10 Ankistrodesmus falkalus Chloro. 0.02

Table 2b. Number of species and importance

probability for each species (ni/N)
at site 2 on GeumhoRiver.
7[3 o L '81.8.21.
Sp.No. Species Phylum I;
1 Chiorella vulgaris Chloro. 0.17
2 Chiorella ellipsoedae Chloro. 0.15
3 Dactylococcopsis Cyano. 0.12
rupestris
4 Chilorella sp. Chlero. 0.10
5 Nitzschia palea Chryso. 0.10
6 Senedesmus bicaudatus  Chloro. 0. 06
7 Merismopedia elegans  Cyano. 0.05
8 Clilorceoccum humicola Chloro. 0. 05
g Mcrismopedia sp. Cyano. 0. 04
10 Palmella sp. Chloro. 0.02




Table 2¢. Number of species and importance
probability for each species (ni/N)
at site 3 on Sin Stream.

c. ’81. 8. 24.
Sp.No. Species Phylum Ill\j
1 Lyngbya sp. Cyano. 0.39
2 Nitzschia sp. Chryso. 0.29
3 Phormidium sp. Cyano. 0.10
4 Chlorella ellipsoedac Chioro. 0. 10
5 Phacus sp. Eugleno. 0.05
6 Trachelomona sp. Eugleno. 0.04

7 Cymbella affinis Chryso. 0.01
8 Melosira sp. Chryso. 0.01
9 Synedra sp. Chryso. 0. 01

3. Comparison of indices of species composition

in phytoplankton community

Table 2-a,b and c represent dominant species and
number of species in each river water before flood
(August 24). In the Nakdong River, Geumho River
and Sin Stream, total individual density of these
phytoplankton community was 26.4, 8.8 and 9.4No
/mm?; dominance index (c), 0.05, 0.10, and 0. 26;
species richness index (d), 10.3, 6.5 and 2.5; even-
ness index (¢), 0.8, 0.9 and 0.7; and general di-
versity index (), 3.1, 2.7 and 1.6, respectively.

It is said that in most of the cases, ¢ and H indicate

a low concentration of dominance(Odum, 1971), and
higher diversity is related with higher stability, wh-
ich also reflect favorable condition for the commu-
nity (Wilhm, 1967; Nakanishi & Monsi, 1976). There-
fore, the Nakdong River has still favorable envi-
ronment to phytoplankton community. On the contra-
ry the environmental stress of the Sin Stream was

most intensive and most extremly polluted.
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Cd?**(b) and Crf(c). *Hiti used for this culture contained 209, of surfactants (LAS).




On the other hand, phytoplankton was rarely ob-
served in these rivers excepting the detritus after
heavy precipitation, owing to the transitory nature
of stream plankton(Odum, 1971). Therefore, indices
of phytoplankton species composition in flowing water
were considered to be significant only when flow rate
excluding abrupt increase or

is in a stable state,

decrease of flow rate.
4. Effects of river water quality on the growth
of duckweed
Duckweed, Spirodela polyrhiza is known to be
very sensitive to environmental change, and prolif-
erate very rapidly in appropriate condition. As shown
in Fig. 3 the number of frond in Geumho River
RGR =269,/
day), while that of Nakdong River water ceased by

water increased very rapidly (max.

7th day. On the other hand, the content of total
chlorophyll of S. polyrhiza in the Nakdong River,
Geumho River and Sin Stream after 11 days of cul-
turing was 1.04, 1.88 and 1.25mg/g frond, respec-
tively. According to these facts, it is assumed that
intensive eutrophication occured by the influx of sew-
age from Taegu area, which enhanced the growth of
duckweed but suppressed the growth of phytoplank-
ton community.
According to Fig. 4, the concentrations of surfac-
tants, Cd?* and Cri+5+ of the Geumho River (Hiti,
10; Cd*+, 0.016; Cr®+%, 0.007ppm) and of Sin St-
ream (Hiti, 18; Cr, 0.01ppm) inhibited the growth
of 8. polyrhiza but not so remarkably. Then it may
be considered that such inhibition, theugh it was not
great, was compensated by high concentration of
nutritions in case of the Geumho River and the Sin

Stream(Seto & Takahashi, 1979).
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