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Water Quality Improvement of Pocheon Stream Using Freshwater Bivalves: Development and
Operation of Continuous Removal of Organic Matter in Streams (S-CROM). Kim, Baik-Ho, Ju-
Hwan Lee, Yong-Jae Kim', Su-Ok Hwang? and Soon-Jin Hwang* (Department of Environ-
mental Science, Kon-kuk University, Seoul 143-701, Korea; 'Department of Biology, Daejin

University, Pocheon 520-714, Korea; Paldang Dam Office, Korea Water Resources Corpora-
tion, Gyeonggi, Korea)

To diminish the levels of organic matters, a novel S-CROM (continuous removal of
organic matters in the stream system using freshwater bivalve), was developed and
applied to the polluted stream discharging from the wastewater treatment plant, Po-
cheon stream, Pocheon city (Korea). Major pollutants of the stream were human popu-
lation and industrial wastewaters. The study was conducted at a small dam construct-
ed within the stream, often called ‘bo’, and designed with four tanks; no mussels and
no sediment (negative control), no mussels and sediment (positive control), 30 mussels
and sediment (D1), and 60 mussels and sediment (D2). Physicochemical and biological
parameters were measured at 12 hours interval (day and night) after mussel stocking.
Results indicated that Anodonta woodiana Lea (D2) clearly removed approximately
72% of chl-a and 57% of suspended solids on second day, however, there were no differ-
ences in removal activities between animal densities (P>0.5). Dislike a laboratory
CROM system, which previously developed, there were no huge release of nutrient
(NH;-N and SRP), due perhaps to the higher flow rate and the lower animal density.
Therefore, we may suggest that if we can determine the relevant current and the ani-
mal density considering the stream state, an S-CROM system has a strong potential

to water quality improvement of eutrophic streams. Some characteristics on both
CROM and S-CROM were compared.

Key words : Pocheon stream, S-CROM, water quality improvement, freshwater bivalve,
Anodonta woodiana
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Table 1. Numerical characteristics of freshwater bivalves and the experimental condition of the S-CROM study in the
Pocheon stream, flowing after merged with discharge of the Wastewater Treatment Plant and small stream
originated from the Gomo-2-ri reservoir in Pocheon-city, Korea.

Scientific name
Collection stream
Water sources of stream
Water depth
Mussels

Plants

Fish

Bottom of stream
WW

sW

sl

AFDW

Mussels used in this study

Anodonta woodiana Lea

Oksan, Chollabukdo

Agriculture and domestic animal wastewaters
<70 cm

Corbicula spp., Unio spp., Cipangopaludina spp.
Attached algae and macrophytes

Carassius auratus, Acheilognathus rhombeus
Silt and mud (20 : 80)

80.3+458¢g

57+1.3cm

9.3+19cm

1.6+0.4mg

Name of stream
Sources of stream

Width of stream
Water depth
Location of study
Power of S-CROM
No. individuals
Study aquarium
Sediments
Replication
Sampling interval
Periods of study
Rainfall

Experimental conditions

Pocheon-cheon, Pocheon city, Gyeonggi-do, Korea
WTT discharge and one small tributary
Agricultural, industrial and domestic wastewaters
80m

0.5m

Bo, a small cross dam constructed by concrete material
Natural current (70 cm sec™)

30indiv. (D1) and 60 indiv. (D2)

PVC material, 45 X 60 X 15 cm in dimension
Washed sediment with stream water

Duplicate

12 hours (AM 08:00 and PM 18:00)

AM 10:00 April 18 to PM 19:00 April 21, 2009
Below 5 mm on the second day

ww, mean wet weight of mussels; sl, mean shell length of mussels; sw, mean shell width of mussels; AFDW, mean ash-free dry-weight of
mussels; WI'T, Wastewater Treatment Plant of Pocheon-city, Gyeonggi-do, Korea; S-CROM, continuous removal of organic matters in the

stream system using freshwater bivalves
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Pocheon city, South Korea

Fig. 1. A map (A) and satellite picture (B) of the study stream and the structure of S-CROM study (C) in the Pocheon stream
flowing after merged with discharge of the Wastewater Treatment Plant (WWT in B) and small stream originated
from the Gomo-2-ri reservoir in Pocheon-city. In figure C, Re, reservoir; Ex, experimental aquaria; An, analysis

aquaria.
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Fig. 2. Frequency of freshwater bivalve Anodonta woodiana in Oksan stream (A, n=499), relationship between AFDM and
shell length (B, n=53), and AFDM and shell width (C, n=53) and filtering rates (FR) and its production of feces- and
pseudo-feces (PF) of mussels with shell length (D, n=29).
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Fig. 3. Water temperatures (A) and light intensities (B) for
3 days in the Pocheon stream, flowing after merg-
ed with discharge of the Wastewater Treatment
Plant and small stream originated from the Gomo-
2-ri reservoir in Pocheon-city. Black and white
boxes are night (12 hrs) and day (12 hrs), respective-
ly. Approximately 5 mm of precipitation between
arrows was recorded during the study. PC, the stre-
am water without mussels, D1 and D2, 30 and 60
individuals of Anodonta woodiana were added to
each aquarium, respectively.

Table 2. ANOVA results on the daily variations in water quality following the mussel introduction in the S-CROM study
in the Pocheon stream, flowing after merged with discharge of the Wastewater Treatment Plant and small
stream originated from the Gomo-2-ri reservoir in Pocheon-city, Korea

Parameters Unit NC PC D1 D2 F P

Temperature °C 16.258+1.180 16.308+1.190 16.418+1.168 16.238+1.225 0.005 1.000
pH 7.959+0.083 7.958+0.068 7.876+0.046 7.797+0.036 1.614 0.218
DO mg Lt 10.323+0.3402 10.092+0.4072 9.335+0.189* 7.898+0.094" 14.662  0.000
Conductivity uSem™ 112.308+7.814 103.992+5.548 108.950+6.271 106.833+6.970 0.274 0.844
Turbidity NTU 24.983+11.334 24,917 +12.457 21.025+9.748 18.342+8.967 0.091 0.964
NO,-N pug Lt 42.448+3.306 40.203+3.115 39.295+3.599 41.710+3.138 0.188  0.904
NOs-N ugL! 5.802+0.337 5.517+0.486 5.463+0.608 5.583+0.364 0.104 0.957
NH,-N mg L 5.7568+1.601 5.659+2.068 5.971+1.957 4.310+0.695 0.204  0.892
TN mg L™ 19.017+1.926 18.613+2.026 19.442+2.295 17.583+1.039 0.179  0.909
PO,P pg Lt 74.477+4.467 71.320+4.536 73.060+4.974 74.350+4.454 0.101 0.958
TP mg L! 202.772+4.764 194.963+5.877 198.933+7.175 193.430+6.632 0.461 0.712
Chl-a mg L! 14.865+3.420* 16.630+4.091* 2.713+1.961° 2.938+2.460° 5.863  0.005
SS mg Lt 15.653+6.016 16.848 +6.862 14.492+5.417 12.247+4.737 0.114 0.951

DO, dissolved oxygen; Conductivity, Electric conductivity; TN, total nitrogen; TP, total phosphorus; Chl-a, chlorophyll-a; SS, suspended
solids; NC, the stream water without mussels; PC, the stream water and sediment without mussels; D1 and D2, 30 and 60 individuals of
Anodonta woodiana were added to each aquarium, respectively



HEE o288 M FEMM 323
24 180
Temp. Conductivity ~e- NC
7 -#- PC
] B 160 A DI
217 ’ ; v D2
1 140 7
181 A b
] ’ 120
151 ) ]
100 A
12 ]
] 80 7
9 T T T Y T T 60 ] T T T T T T
8.6 14
1 PH DO
8.4 §
; 12
] b4 ] 3
] 10
] ] A
: 81
7.8 ] M
7.6 67
7.4 T T T T T T 4 ] T T T T ¥ T
90 - 60
[
Turbidity . SS
.
A .
60 -
30
0 T T T T 0 T T T T T Y

T T
2A 2P

Operation time

Operation time

Fig. 4. Daily variations of physicochemical parameters following the mussel introduction for 3 days in the Pocheon stream,
flowing after merged with discharge of the Wastewater Treatment Plant and small stream originated from the Gomo-
2-1i reservoir in Pocheon-city. Samplings of 1A, 2A and 3A were performed at am 08:00, whereas those of 1P, 2P and
3P were at pm 18:00. Temp, water temperature; DO, dissolved oxygen; SS, suspended solids. PC, the stream water
and sediment without mussels, D1 and D2, 30 and 60 individuals of Anodonta woodiana were added to each aqua-

rium, respectively.
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Fig. 5. Daily variations of concentrations of nutrients following the mussel introduction for 3 days in the Pocheon stream,
flowing after merged with discharge of the Wastewater Treatment Plant and small stream originated from the Gomo-
2-ri reservoir in Pocheon-city. Samplings of 1A, 2A and 3A were performed at am 08:00, whereas those of 1P, 2P and
3P were at pm 18:00. TN, total nitrogen; TP, total phosphorus, PC, the stream water and sediment without
mussels, D1 and D2, 30 and 60 individuals of Anodonta woodiana were added to each aquarium, respectively.
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Fig. 6. Daily variations of removal activities (%) of Anodon-
ta woodiana on the chlorophyll-a and suspended
solids for 3 days in the Pocheon stream, flowing after
merged with discharge of the Wastewater Treat-
ment Plant and small stream originated from the
Gomo-2-ri reservoir in Pocheon-city. Samplings of
1A, 2A and 3A were performed at am 08:00, where-
as those of 1P, 2P and 3P were at pm 18:00. D1 and
D2, 30 and 60 individuals of A. woodiana were
added to each aquarium, respectively. Removal
activity=(1-T/C)%x100, C, aquaria without mussels;
T, aquaria with mussels.
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charge of the Wastewater Treatment Plant and
small stream originated from the Gomo-2-ri reser-
voir in Pocheon-city. Samplings of 1P, 2P and 3P
were performed at pm 18:00. PC, the stream water
and sediment without mussels, D1 and D2, 30 and
60 individuals of A. woodiana were added to each
aquarium, respectively.
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Table 3. Daily variations of phytoplankton biomass (cells mL2) following the mussel introduction into the S-CROM study
in the Pocheon stream, flowing after merged with discharge of the Wastewater Treatment Plant and small
stream originated from the Gomo-2-ri reservoir in Pocheon-city, Korea.

PC D1 D2
Phytoplankton species

1P 2P 3P 1P 2P 3P 1P 2P 3P
Achnanthes lanceolata 100
Achnanthes minutissima 200
Amphora montana 100 100
Aulacoseira granulata 300
Chamydomonas angulosa 100
Cocconeis placentula 100
Cyclotella meneghiniana 100
Euglena viridis 100 100 100
Fragilaria delicatissima 100 100
Gomphonema lagenula 200
Gomphonema pseudoaugur 500 1,400 100 600 400 100 300 100
Kirchneriella lunaris 100
Microcystis incerta (10°) 3,360 1,120 2,000 1,600 640 1,280 1,040 560 560
Monoraphidium arcuatum 100
Navicula accomoda 100
Navicula cryptocephala 100 100 100 300 100
Navicula cryptotenella 100
Navicula gregaria 100
Navicula minima 800 300 200 300 200 200 200
Navicula pupula 100 100 100 400 200 100
Navicula spp. 200
Navicula subminuscula 300 100 100
Nitzschia fonticola 100
Nitzschia gracilis 100
Nitzschia palea 3,300 13,700 3,000 700 8,700 1,400 800 6,600 600
Nitzschia umbonata 100
Oocystis borgei 100
Phormodium spp. 2,000 4,000
Pinnularia appendiculata 100
Scenedesmus acuminatus 1,600 3,200
Spirogyra spp. 1,200
Surirella minuta 100
Surirella ovata 100
Synedra ulna 300

PC, the stream water and sediment without mussels; D1 and D2, 30 and 60 individuals of Anodonta woodiana were added to each

aquarium, respectively; 1P, 2P and 3P, phytoplankton and water samplings were performed at pm 18:00 on each day
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