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Algal Bioassay for the Treated and Raw Wastewater in the Kyongan Stream. Shin, Jae -Ki*,
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The Kyongan Stream and the inlet part of Paltang Reservoir are under significant
influence of the effluent of sewage wastewater treatment plant (SWTP) and
untreated domestic wastewater (DOW). The fertility of wastewater was evaluated
through bioassay using natural phytoplankton population diluted in five levels. The
concentrations of NH4, SRP and SRSi were positively correlated with the biomass of
phytoplankton. P concentration showed stronger correlation (r = 0.959, p<0.001)
than other nutrients. Compared with the initial concentrations, NH4 concentrations
in samples from SWTP and DOW decreased 96% and 7%, respectively during the
cultivation, and those of SRSi decreased 97% and 60%. However, NO3z; concentrations
in samples neither showed any particular change nor any increase. Chl-a concen-
tration ranged between 20 pg/l and 125 pg/l, which maximum value increased up to 83
times. Estimated from the relationship between chl-a and SRP, the P concentration
that can maintain the biomass of algae under mesotrophic state (<25 pg chl-a/l) was
83 ug P/I. The volume of flow to maintain this level solely by natural dilution was
about 16~25 times of inflowing volume in the stream. However, it is not feasible to
tap water of such quantity. Therefore, it is imperative to build an advanced sewage
wastewater treatment facility that can reduce NH, and SRP concentrations that
promote the growth of phytoplankton in discharged water.
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o} (Al %, 2000; ¢ 5, 2000).
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Lind, 1008). 4% A4¢ 918 AN =E Adss) 3)
5 IdE AT 5 slo, Al oJekdel Zgd
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23l= ul o] dubA o]} (Claesson and Forsberg,
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Fig. 1. Map showing sampling locations for the natural
phytoplankton bioassay in the Kyongan Stream.
SWTP: Yongin Sewage Wastewater Treatment
Plant, DOW: Domestic Wastewater and KWA:
Kwangdong Bridge.
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Table 1. Culture conditions for natural phytoplankton
bioassay in laboratory.

Parameters Culture condition
Light 110 mol m=2s-1, continuous
Temperature 10°C
Shaking once/day

Assay sample Raw and treated wastewater

Natural water collected in
Kwangdong Bridge

Inoculation stock

Dominant algae Diatom, Stephanodiscus

hantzschii f. tenuis

Mwith ciltion raglo Wastewater Dilution '°GEEdon
-None 4 : 0 : 1
-D1 3 : 1 : 1
-D2 2 2 1
-D3 1 3 1
-D4 0 4 1

2 (4£1°C)el ol APAR uksdeh 2uk FA)
Whatman GF/C filter¢} 0.45pum membrane filter (Milli-
pore)ell oI #}a}l 31, A wieF A7EA] WEa(-25
Ol Basd FBelA AN ABEFaE A
ZA8%X 64umscreenel] 33 BIA A BEZHIED
»EAel gL Ao A5l (Fig. 2). Y% B
WARE W At Aol A3 5§ 2
AHBsslct s g mssl 949
91 ) A9 pol ME ABEYES
£ gallr] f3le A v ES dEEkae o)W 34
4= NaHCOs; £-9-& A= (APHA, 1995)3}e] oz}
& ARS8l a1, 3]A Tl (None, D1~D4)= Table 13}
zko] A she] v eFshoic.

wjeF £7]= Pyrex 1@ 2 ¥ 250 ml E-flask=
AYT, 47wl FRuE 59 Mg L=
= ¥ 225 83}y 10°CE g, F-2 110 pmol
m—2s19 d&Po=z gt 74 Z9b ‘jHO]:a‘], a1, &}
Fof 13] l,'f—%o F91¢} (Fig. 2, Table 1). &
=22 Z+7} digital thermometer (Omega model CL27,
USA)<} quantum sensor (Li-Cor 190SB, USA)E o] &
Aotk Wik 2719k F= Alse A4 samplln 3t
Al Whatman GF/F filter2 oJ3}3}9] 11, o3} A=
4 aFEE AdeE 7 N, P Y SiddUdd =
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SAMPLING
Pre-treatment
(1) Wastewater
: GF/C+membrane (0.45 um) filter
(2) Stream water:
Screen(64 pm) filter
y
FILTRATION
(1) Diluton of wastewater with
NaHCO3 solution
(2) Duplicate experiments
y
INOCULATION
(1) 110 umol m-2s-1 continuous light
(2) 10°C temperature
(3) Hand-shaking, once/day
A
‘ CULTIVATION ‘
(1) Sampling after one-week
y
HARVEST
(1) Filtration with GF/F filter
(2) Determination of chl-a and
inorganic nutrients
‘ ANALYSIS ‘

Fig. 2. Schematic diagram for the bioassay using natural
phytoplankton to assess the trophic potential of
raw and treated wastewater.

phorus):x molybdate-blue®™ % SRSi (soluble reactive
silicon)-2 silicomolybdate™] © 2 =3]3}93 o} (Strickland
and Parsons, 1972; Rump and Krist, 1988; APHA,
1995). =4 ax 90% ethanolg &vj= v]% F=3}
o] A =F3l9d T} (Nusch, 1980). DIN (dissolved inorganic
nitrogen)-2 NHj4, NOs 2 NO,9| &o = AMAs9 o
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BHA=gY 7714
4 (DIN) A& = NH,% %% 1,305~4,958 ug N/I ¥
9Jo)9l 3, NOsx= 284~2,298 ug N/l, NOx= 52~606 g
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Table 2. Comparison of water quality among wastewater treatment effluent, raw wastewater and stream water in the

Kyongan Stream from October 2000 to April 2001.

Treated wastewater

Raw wastewater Stream water

Parameters\Sample type

Range Mean Mean Range Mean
Ammonium (ug N/I) 1,305~4,958 2,715 4,605 102~3,729 1,724
Nitrate (ug N/I) 284~2,298 1,072 44 356~1,624 940
Nitrite (ug N/I) 52~606 246 307 13~87 43
Soluble reactive phosphorus (ug P/l) 646~2,933 2,109 1,309 0~184 87
Soluble reactive silicon (ug Si/l) 2,311~3,368 2,771 2,478 0~1,442 644
Chlorophyll-a (ug/l) - - - 14~388 100
DIN/SRP ratio 0.6~5.7 24 3.8 16~7,173 1,063
SRSIi/SRP ratio 1.0~3.6 1.6 1.9 0.1~5,476 786

Ex 7Zk7t 4,605 ug N/, 44 pg N/I 2 307 pg N/lo] g1}
(Table 2). DINO|A] 2}A|8}= v]&2 B, slpA| 2|42}
Aap4o| Al NHs= 2zt 70%, 94%, NOs:= 24%, 19%60]4)
3 NO2= 6%, 6%°] Itk NH.2] i s=t& A3l47}
AR RREE L7 93, NOs] 37 SEE 34
A 47k Aseuet 246 Eore.

s}4=x]2] 4ol A} SRP %5 646~2,933 ug P/l ¥ <] o)
i, Ashel HF FEE 1300 pg PllolgiE} (Table
2). A2l 2] SRP MBS 7oz Aelrt 314l
2, Qs 169 Fek sl4H 2l 4ol A SRSi FEi
2,311~3,368 ug Si/l Wl o|olar, Astre] HAF v==
2,478 g Si/lo] ¢t} (Table 2). FAFE & dl4=x]7]42} A
ol N 2 Aolg AR 4 AR

staA =]t ‘:f‘l Astere NH. Fx7) v,
NOs 527} 2 A1 F/HAZ 2ok 4 Qo A
A, Asla=e] EAIA} 235} vt 2] of (nitrifier population)
2] &kAo] A 37 (Brion and Billen, 2000), 7323t 7] A
%71 (DO, <2.5mg O2/l)& f-A|3te] gtmu]e}s} zhg-o]
el Aoz B 4 stk 24, sy &
7] FAelAM NH7F NOsel AArsrE deojupr]
73 o]5} (Brion and Billen, 2000). ¥FH ]|, 3}4=%] 2] 4ol A
SRP Fx=7} Asterot welo] 2 72 shealE 2}
Ao A 42l A BOD =% {AA1717] 913t
Fsted A (75, 1998; o] ¢ o],
2000)6}71 ujj -0 o}

kA ?‘5]—%—9/] 1= wol| 4] 20004 10€EE] 20014
49747 A% A& wEY® Ade Table 29
Faz=n NH4.4 Tl 102~3,729 ug N/ ¥ 2] 0] ¢]1, NOs
= 356~1,624 ug N/l 18] o] git}h. SRP2] HF7ka} 2o
k2 Z}7} 87 ug P/, 184 ug P/1o] ¢l a7, SRSi= Z}7; 644
Hg Si/l, 1,442 ug Si/lo] ¢}tk NO, 2 #|9)8 F7] N-P
oJokodo] WlE Z o w|e o} Chl-a9] 2 14~

388 g/l M= A] 20019 4Qe) 7AF =gk}
oA NOsBE©El NH.o| Hi 5=l 52 A
B AF7Izte] Z47]e sjeetar, 12~24 gk A
7} ARE A1 (A, 2000 02A, A, ASE W f
B0 AL 2ANA SERF drlste] 4B AE
o o]Fo]xA Eaje] NH7l 247 Anz 2 4 9
oleh (Wetzel, 2001). ¥HH o), SRPE= 1490, SRSi: 49
I 1049l b wAE A whebA, o] Al7lel N %Jk
el wls] P}l SioJgFgel AEEFIE A A7
Az JFg oz 2H8313E 7FsAd S B33 (Nicholls,
1976), Si/Pe] w7}t S==2 vg o, F2Fo] oA
(388 ug chl-a/l)& =3}t )23t A3} Stephano-

discus< -."1'—}_%-4 bloomel] 7]els}= Ao zx] JE7}
sk (2ol Al 1998)9} 27} M (AT Z, 2000b)ei] A
2 AR ATs skl

2.35 Ag 5ol d REAA

ok x7)0) 7+ 3 A Xz Fe NH; 3% 552~687
ug N/I, NOs+= 261~2,478 ug N/I, SRP+= 0.2~758 ug P/l

W9l o)9) 11, SRSiE= 77~3,064 ug Si/l W< o) gl}. vbd,
HH%FO] Zzg3d 3o NHs %% 20~280 ug N/I, NOs
332~2,495 ug N/l 9] o]¢la, SRPE= D1 x| Fol|A
228 ug P/1S3 2t %}T«l 3| X Ee] YE45 SRP F=7}
A FrAst Tt SRSiE 0~85pug Sill H$)EA] 4B
A2l M HEHA &9ke} (Fig. 3).

AR wjef A . F ofokolo] WS
None~D3 A& F++= 27| ¥ =2 3~5% $F0|¢l2, D
A2l T 49% tastadeh W NOsE WdR7) FE
9} vwald oA 27} (1~32%)3}3] ) (Fig. 3). SRP=
3| Fufjol] wE ZEAE ofe] 27] Fxel ds 68~
90% ¢ = A] v slel 2, SRSiE= D3 A8 39 27] =

29 11%E {A 5, 2 9 A 9Ad 374E

nw, NH4—‘§
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Fig. 3. Changes of phytoplankton biomass (chl-a) and
inorganic nutrient in the algal bioassay. Black and
white bars indicate initial and final concentration
of each parameter, respectively.
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Fig. 4. Changes of phytoplankton biomass (chl-a) and
inorganic nutrient in the algal bioassay. Black and
white bars indicate initial and final concentration
of each parameter, respectively.

olgich wikE F=3 AR o =L NH7}
305~5,388 ug N/I, NOs7} 253~334 pug N/I, SRP7} 0~
449 ug P/l ¥ ¢ 0] 9l a1 SRSi= 0~1,156 pg Si/l ¥ <] 0] <)
o} (Fig. 4).

wef A A - 3] <ok WFolA NH.:= None~
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Wk 28 & chl-asx: 7.9~125ug/l H$ 24

TRke] 56 pg/le]olar, st E et wiR kA 2 w] 3|4
(None) A 2] 7oAl 7} ket (Fig. 4). Hzkat 2o
oz vudg v, 27 xR} Zbzt 374, 83w =7}
3t9lch Chl-a9] Z7}= SRP$} SRSi ¢doky #H4el 2
A3t FAE BT, NHE] 5571 22 A2 Tl A
Aol Mol A4 AA Adhel ta Aort

slsleh
4. 2% FA9 A 359 P AAY

Qipoz A % o4 N2k 7 353 o]

gHo] Zﬂ/‘lﬂ?iJ- 2 A7
T4 AEQA AFNM = P7E 2/ ARE Adsh=
F2 Az FHEA

woke] F AZE 0|23 chl-adt SRP Fx9] A
#3A = Fig. 59} 2o} Chl-a %%+ SRPe| Fx7} &
7hgtell whet Frbehe ol gt Aol A AN (r=
0.959, p<0.001). 2] JftAE EFT o, <25ug
chl-a/l2 Z°JoF, 25~75 g chl-a/l WS ook
>75ug chl-a/l-& 3}ejofo 2 B OECD (1982) 7|5&&
A 83 A3} w42 SRP ==+ 77t >83ug P/, 83
~275ug P/l W8] 2 >275ug P/leY] 3] %3l =} (Fig. 5).
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Fig. 5. Relationship between chlorophyll a and SRP con-
centration after 7 days cultivation in the algal bio-
assay experiment. M: mesotrophic (<25 pg chl-a/l),
E: eutrophic (25~75 pg chl-a/l) and H: hypertro-
phic (> 75 pug chl-a/l) drawn by OECD (1982).
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H7}3tAh NHy, SRP & SRSi9] %9} =7 A&
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el sl AT Ash4e] NHa: 96%, 7%, SRPE
78%, 66% = SRSii 97%, 60% 7143519 01} NOs:=
7} QAY 28l 27ke Aeke By chi-a W9
L 20~125pgN=A 9 89w =r}5}gich. Chi-agh
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