Korean J. Limnol. 42 (2) : 153~160 (2009)

B el g e 2R oqld FHSA
NBELIE WFE o] 8 A%AF AA

Removal of Nutrients from Stream Water Polluted with Nonpoint Source Pollution by Cultiva-
tion of Phytoplankton. Cho, Ahnna, Dawoon Jung, You-Jung Jung, Seung-lk Choi' and Tae-
Seok Ahn* (Department of Environmental Science, Kangwon National University, Chuncheon
200-701, Korea; ‘Institute of Environmental Research, Kangwon National University, Chun-
cheon 200-701, Korea)

A phytoplankton cultivation system was installed and operated for removal of nutri-
ents from stream water polluted by nonpoint source pollution. The system was a
continuous-flow culture comprising a phytoplankton tank that received inflow from a
storage reservoir. When the system was operated as a batch culture for the purpose
of determining hydraulic retention time (HRT), the proper HRT value was three days,
and the removal rate of TP and TN averaged 70% and 44%, respectively. When the sys-
tem was operated with the continuous flow from a stream for 45 days, 53.9% of TP
and 53.1% of TN were removed as sludge. Due to active growth of phytoplankton, pH
and dissolved oxygen in the phytoplankton tank were extremely high, reaching 10.8
and 16 mg L™}, respectively. It was concluded that nutrients can be effectively removed
from polluted stream waters by cultivating phytoplankton.

Key words : nonpoint source pollution, nutrient removal, phytoplankton, phytoplank-
ton cultivation system
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##A] (detention pond), AF3}A] (oxidation pond), AFE
(open ditches), Q1244 (artificial wetland)$} QA8
A (artificial island) S°] Tl 5, 2008). 22} ¢
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pH¥= &A}tel| A DO meter (YSI 85, Yellow Spring Instru-
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2, 42T AAYAENO, IS A9H F33=
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mg Lo 2 AXu|ofo) & JUdF AAELE TPE
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Fig. 1. Change of chlorophyll a concentration during batch
culture of phytoplankton. Error bars represent stan-
dard deviation of triplicate measurements.

Table 1. Concentration (mg L) and removal rate (%) of
nutrients during batch culture.

Ttem Target water Phytoplarllkton Removal
tank* rate
TP* 0.27+0.1 0.08+0.0 70+£1.0
DIP® 0.25+0.1 0.01£0.0 97+1.5
TN® 7.89+0.4 4.41+0.2 44+1.3
NOy™ 5.32+£0.6 1.34+0.1 75+£0.6

2: total phosphorus, : dissolved inorganic phosphorus, ° total
nitrogen, % nitrate
*Values after 10 days incubation

(Table 1).
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%ol o}

9l 23} AF7|7 Bt ALY A
Table 29} e}, A&k 12k AY A, pA42] TP}
DIPY] HFE s 7247} 0.26 mg LY, 0.18 mg L o],
vl ofzo| A Z}2F 0.11mg LY, 0.01mg L2 TP¢} DIP
9] AF AALEL 47 65%, 88%°]%it. TN} NO; 9
Hies: 4 42 6.34mg LY, 5.34 mg L1o]
9, AlgZaE wlokzoMs 47 281mg LY, 1.14
mg L 'o)glo}h B A AEL TN 56%, NO;™2 79%9)
31t} (Fig. 2).

AgufoF 231 A3 12} A7 R Az} gz
NA] oo Bo 2wy} 747t 1.6~38.1v), 1.7~2.6¥] &
sk}, shd4:2) TP} DIPS| HFs=rt 247 0.65mg L,
0.56 mg L le]glar, viekzel|Al= 242t 0.29mg LY, 0.02
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Table 2. Characteristics of target stream.

Ttem 1st continuous 2nd continuous
flow culture flow culture
Temp (°C) 19.7+5.8 19.3+4.5
pH 7.1+0.3 7.8+0.3
DO*(mg LY 84+1.1 3.9+0.7
BOD;"(mg LY 4.6+2.0 10.1+1.7
Chl. a°(mg m™3) <0.2* <0.2*

2: dissolved oxygen, ®: biological oxygen demand, © chlorophyll a
*The detectlon limit of the chlorophyll @ concentration is at 0.2
mg m™?

mg L2 AYFAFY FF AAELE TP 55%, DIP:=
97%4& e TN NO; 9] 3E: slisor] 7
+ 10.5mg LY, 8.7mg Lo, miokze Al 247} 4.8
mg L7, 2.9 mg Lo]gich TN=H NOy 9} AF A A&
27t 53%, 66%S Rt DIP/TPY] H]&& ="z
WFzz 7imA FA3]) 3H4slg v (Table 3).
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Alg-Egage] $A% g gz ) TP TN &
EFE A7} 0.4g,4.2g°]%0)

d&alof 23} 2977 FoF 22Ak49) pHE =33}
A= Fig. 35 2} Az AEEHAE wgxo)
HF 22444 47 3.9+40.7mg L}, 16.2+ 1.4 mg
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b ABBLES 2R 27100 vlsked 300 F 28
37t dolytet wioF 1¥el= H3H< Scenedesmus sp.
o} A ST 1.8+0.1x 107 cell mL T2 243)gic). =A}
304 Zo= Y27 Lyngbya sp.7} 2.840.2x10° cell
mlL 72 AT 9, 27l $AHEY w27
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2755 ok} AT Aow hebeh 2714 A )
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Fig. 2. Concentration of nutrients during the first contin-
uous flow culture. Error bars represent standard
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deviation of triplicate measurements.
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Table 3. Concentration (mg L), ratio (%) and removal rate (%) of nutrients.

Nutrient 1st continuous flow culture 2nd continuous flow culture
utrients —  —

Target water Phytoplankton tank* Removal rate Target water Phytoplankton tank®* Removal rate
TP 0.26+0.0 0.11£0.1 65+19 0.65x0.1 0.29+0.1 55+14
DIP® 0.18+0.1 0.014+0.0 88122 0.56:+0.1 0.02+0.0 O7+4
DIP/TP 69+33 13+12 - 86+11 7+8 -
TN 6.34+1.2 2.81+1.2 56+17 10.5+1.3 48+1.0 53+11
NOy¢ 5.34+1.1 1.14+0.8 79413 87+1.2 29+14 66+18
NO; /TN 84:+12 38428 - 83+7.5 6128 -

abed: soe Table 1 for abbreviations of water quality parameters.

*Values are mean=standard deviation of daily measurements (n=72 for the 1st continuous flow culture, n=45 for the 2nd continuous flow
culture).

Table 4. List of phytoplankton species in phytoplankton tank.

Abundance in the 2nd
) Relative abundance in continuous flow
Species name the 1st continuous flow experiment (mean + SD)**
experiment 1th day*
1th day 30th day

Cyanophyceae

Lyngbya sp. ++ 1.540.1x10° 2.8+0.2x10°

Oscillatoria sp. + ND ND
Bacillariophyceae

Asterionella gracillima + <100 ND

Nitzschia frustulum <100 ND

Synedra acus + ND ND
Chlorophyceae

Asterococcus limneticus + ND ND

Chodatella sp. <100 ND

Coelastrum sphaericum ot ND ND

Crucigenia sp. ++ <100 ND

Euastrum sp. + ND ND

Kirchneriella subsolitaria + ND ND

Scenedesmus sp. ++ 1.840.1x 107 1.840.1x 10°

*The list of phytoplankton species on the first day of the first continuous flow experiment.
Symbols +<1.0x10?mL ™, ++<1.0x 10°mL ™}, +++>25x 106 mL™!

**Algal abundance (cell mL ™) in the phytoplankton tank during the second continuous flow experiment. ND=not observed in 10 mL sam-
ple; <100=detection of one individual in 10 mL sample

A4E 2Ad F2FE 30 Tl 2¥3A osith Fapgleh. 23y S E 484 o8 FETF HE

Wzt a5 AEEYRE Qo] e EelA =
el 283 2EHHI ¥ Bx AUYPF(TP=0.97
mg L TN=11.5mg L' Y)ellA G434 o9 5== Y
1,300 mg m 72 SASTH (R F, 2001). =, 7} Fo|

Al s Q484 0 5 HEMsE £ We et mpel 2ol ik A TP =9}
Foz w$ Witk ﬂﬂtﬁ% &3 e) TPe} TN F= FE4 0 BEE ¥ ARTAE FedWanget al.,
£ AR dLuek 11], 23k AF7)7F Ft A4 2008). & dFolA] A4-% P42 TN/TP H &2 A3
0.18~0.85 mg L', 3.61~12.64 mg L 'o|¢]1, w77k wjoks} oo} 13}, 2ol A Z7b 29.2, 24.4, 1622
Zob viokzo] &84 ] FEE HW 124 mg m 7| Redfield Ratio (C:N:P=106:16: 1)} ¥3lv}(Redfield,
7 5 AEEHIE] ARl ddFr 1958). Wekx 4ol AEEFIES] AY AL

ki
3
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Fig. 3. Dissolved oxygen (DO), pH and chlorophyll @ con-
centration during the second continuous flow cul-
ture. Error bars represent standard deviation of
triplicate measurements.
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AL qlel™, AEEFaE Wz 452 0 FES
A9 Tl st AAHKAT & 4 ek F, A5
oA 23 TP 3=7t F7hskd wigze] 454 o ¥ %
= M ez s

PSRl AEEgaE A
FERRF FA dE olf &

[

EF (454 a FE)o] vl
X 3]

a
34125} 77 (Asaeda

- 259 - olely

et al., 2001)7} E}zbahg- (Nakai et al., 1996, 1999), 412
A 22l EeH wh(Al §, 2002)0 &3 Aoz A}
=25t b, A g 201 9o, S8 Eedel
YR 7F FFFH, B3 w3 gl vk AEE
FAEo) 53 Aoz Alsdo.

d&uieF 13} A Ao wickz U4F59] TP TN
=5 747 0.11mg LY, 281 mg L1a A zw} Yo}
2 A g A AL TPE 65%, TN 56%0]
Al (Fig. 2 =), AXwlkat vlwsle] TP AAL
Fo] dobAl AL A45E WA A EEFTE] 2l
& mgFoz g43x] X3ty Wig Aoz Alsdd.

AsloF 23k AgelM YR A& TPe} TN
2 247} 55%, 53%= 13} AT} AT 3 st
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Blol A dojuis FA b WA AdokE Aoz
Ate gt gEts] A BEFIE dfzdAe] TNAAE
ammonia stripping, 3383 AA 8|3 2B T E
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FES st YEF Aol AWFHA T, wukAE
ammonia strippingzl-g-o| 2]3] ammonia’} F7] Fo
2 3pdE T, slehibso] @A 3ehA A e] o] Fo]
A Aoz Asdd.

TP} DIP:= 33td AA 3 AEFFIEY F52 A
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Al 2G4 DIPE #e)43 (luxury uptake)sle] )|
Well AAE 4 9le}(Powell et al., 2008). 3] Qlo] A&
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