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Factors to Affect the Growth of Filamentous Periphytic Algae in the Artificial Channels using
Treated Wastewater. Park, Ku-Sung, Soon-Jin Hwang *, Ho-Sub Kim*, Dong-Soo Kong? and
Jae-Ki Shin3(Department of Environmental Science, Konkuk University, Seoul 143-701,
Total Water Pollution Load Research Division, National Institute of Environmental
Research, Inchon 404-708, Han River Environment Research Laboratory, National Institute

of Environmental Research, Gyeonggi 476-823, *Korea Institute of Water and Environment,
Korea Water Resources Cooperation, Daejon 305-730)

This study evaluated the effects of water velocity, substrates, and phosphorus
concentrations on the growth of filamentous periphytic algae (FPA) in the two types
of artificial channel systems using treated wastewater. Controlled parameters
included 5~ 15 cm s™* for the water velocity; 10 and 20 mm wire meshes, natural fiber
net, gravel and tile for the substrates; and 0.05~ 1.0 mgP L™ for the P concentration.
Algal growth rate of FPA was compared using both chl. a and dry weight change
with time. Under the controlled water velocity range, the growth of FPA increased
with the velocity, but the maximum growth rate was shown in the velocity of 10 cm
s™1. The substrate that showed the maximum growth of FPA differed between the
artificial channel and indoor channel, due to the influence of suspended matters
which caused the clogging of the meshed substrates. Under the controled range of P
concentration, the growth rates of all three FPA species (Spirogyra turfosa, Oedo-
gonium foveolatum, Rhizoclonium riparium) increased with the P increase, but they
showed the differential growth rates among different P concentrations. The results
of this study suggest that under the circumstance having an large amount of
nutrients FPA develop the biomass rapidly and that even a little increase over the
threshold velocity causes the detachment of filamentous periphytic algae. Thus, FPA
dynamics in eutrophic streams, such as those receiving treated wastewater, seem to
be sensitive to the water velocity. On the other hand, detached algal filaments could
deteriorate water quality and ecosystem function in receiving streams or down-
stream, and thus they need to be recognized as an important factor in water quality
management in eutrophic streams.

Key words : filamentous periphytic algae, growth rate, current velocity, substrate,
phosphorus, artificial channel
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Fig. 1. Diagram of (a) the artificial channel and (b) indoor channel (A: 15cm s™, B: 10cms™, C: 5cms™).
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Table 1. The composition of STM culture medium for the
growth of filamentous periphytic algae.

Macronutrients  mgL™  Micronutrients pg L
NaNOs 25.5 HsBO3 186
NaHCO3; 15.0 MnCl; 264
KoHPO4 1.04 ZnCl, 3.27
MgSO;4 - 7H.0O 14.7 CoCl, 0.78
MgCl, 5.7 cucl, 0.009
CaC|2 . 2H20 41.4 NazMOO4 . 2H20 7.26
FeCl; 9.6
Na,EDTA - 2H,0 300
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Table 2. The ranges of water quality parameters of the treated wastewater used in the artificial channels.
Date Temp. N NHs-N_ NOs-N_ TP DIP
(C) (mgN L) (mgN L) (mgN L) (mgP L) (mgP L)
Apr. 2001 18.0~19.0 26.8~35.5 249~34.1 0.02~0.03 0.32~0.44 0.15~0.28
Jul. 2001 20.8~26.0 14.2~22.7 12.9~21.2 0.11~0.65 0.18~1.01 0.02~0.21
Nov. 2001 17.5~19.3 24.0~28.3 18.5~26.9 1.50~2.11 0.47~1.62 0.47~1.28
Mar. 2002 15.1~17.2 21.3~255 - 0.20~1.40 0.70~2.70 0.11~1.72
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Fig. 2. Temporal variation of dry weight and chl. a of filamentous periphytic algae in (a) 10 mm (April 2001) and (b) 20 mm
wire mesh (July 2001) in the artificial channels under different water velocities.

Table 3. Mean net productivity (g m™2 day™?) of filamen-
tous periphytic algae on the wire mesh subst-
rates under the different water velocities in the
artificial channels.

Net productivity

Date I\éliezseh Parameter 5 10 15
(ecms™) (ecms™) (ems™)

April, Dry weight 27.4 62.6 50.2
2001 10MM Tona 051 118 158
July, Dry weight 4.5 20.5 17.0
2000 20MM Tohia 0012 0071 0.046
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Fig. 3. Temporal variation of dry weight and chl. a of filamentous periphytic algae in the artificial channels under the
different substrates in (a) November 2001 and (b) March 2002.
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Table 4. Mean net productivity (g m 2 day ) of filamentous periphytic algae in three different substrates under the water

velocity of 10cm st in the artificial channels.

Date November, 2001 March, 2002
Parameter Substrata Wire mesh Natural Wire mesh Natural
fiber net fiber net
mesh-size 10 mm 20mm 20mm 10mm 20mm 20mm
Dry weight 2 1 1.42 1.65 1.05 20.8 29.8 8.2
chl.a gm " day 0.03 0.03 0.01 0.47 0.57 0.19
3. 7124 B2 FRzFe 47 12
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2002 3ol BE 7] ™ol A AJEaFo] 20014 119 o] 109 29 Nawraifiver et
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m~2 day 'z QA4 (0.01g m? day Hell H]E A 2 1401
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T A AdAfrre] 1.10g m? day tglow, A Fig. 4. Temporal variation of dry weight and chl. a of fila-
=} (0.959 m2 day Y)el] w]&) 2w, X2 (0.14g m2 day ™) mentous periphytic algae at different substrates of
5} £ 0119 m 2 day Y3} v wal Al 209 ol 9k the fndoor channel.
\:‘r.
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Table 5. The growth rate and mean uptake rate of phosphorus among three species of filamentous periphytic algae in
different phosphorus concentrations.

Spec Growth rate (day %) Mean uptake rate (g P g Chl. a* hr'™)
ecies
P 0.05* 0.1* 0.5* 1.0* 0.05* 0.1* 0.5* 1.0*
Rhizoclonium 0.10 0.15 0.24 0.22 0.48 0.72 3.60 7.92
Spirogyra 0.14 0.16 0.16 0.20 1.92 2.40 9.36 8.64
Oedogonium 0.07 0.14 0.21 0.24 0.48 0.72 4.08 4.32
*mgP Lt
nazge] 2z A% $UAE Aolek A} o (a) 350 60
o QwAel RARERY BAs Age s)de) wu 300, 50
AR ZA o3k ¥bx] 9o} (Goldsborugh and 5 ;28 L40 7
= 200.
Michael, 1091), & 17-] AfellA] vehgol A4 < 150, 30 32
FAEFE $59) 4o AR ARY Awrt o Z 100, (%0 5
2 7129) AR7Nel e Weg A 501 10
0 0
(b) 500 500
4.9 Eo) HE AYRRET 43 ~ 400} 400 _
) ) o 3001 300 2
Alde]] Ab8-5 3% AMAMA X2 F Rhizoclonium 2 2
. = < 200 L 200 &
riparium, Oedogonium foveolatum, Spirogyra turfosa:= = 3
o ] I
A ¥w 270 uet Mz g2 s Aol vt 100 O_/‘\/n 100
(Fig. 5, Table 5). A¥8 %7 & 7} Y& 9l *x9] 0.05 © 608 %0
mgP L™ 'e]| A= Spirogyra turfosa®] AA& (0.14 day™?) —~ 500/ L 100
o] B2 % Foll Hs] &3k, 0.5mgP L 'A% Rhi- 2 400; g0 7
zoclonium riparium (0.24 day™), 0.1 mgP L A= % 3001 60 2
Oedogonium foveolatum®] AA§ (0.24day )& 714 = 5 200+ L 40 %
Skck. 7t FEo] Al AL Wl Qo] x93 100 20
Ql w9 = A} S == 0 0
o <l FEe] i ubgel Agle] HAAAAE bl (d) 700 9000
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| |
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1996 3%]-_.,]. 3, 1999). B o 94 i}%ﬂ ol <l e 27 —e— Oedogonium  —o— Rhizoclonium —v— Spirogyra
= W}z +
M 3% AME FAET A ] Al slel A Fig. 5. The change of chl. a and DIP concentrations of
Z7ke] 2pEA ¢l A= 7jBEH o7 7 Fo] JXE= gl three species of filamentous periphytic algae under
520 o8 EA)o=2 uled =) (Lohman and Priscu, the different P concentrations (a: 0.05, b: 0.1, ¢: 0.5,
d:1.0mgP L™).
1992; Borchardt et al., 1994; Steinman et al., 1997). g )
2 A7olA el ) <) wee] aske Ed= A
AR Q) F4ee, vmn 359 wAxF7l 2 wxe] oA Spirogyra turfosarh 7b ke 27] 2l B 05
upet AAge] Aol A de, mE <l v 27 mgP Lt 27| FF5&o] 9.36gP gchl. a* hr =
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