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Water Purification by the Water Plant Trapa japonica artificially Seeded
in at Detention Pond at a Karima River Area in Hokkaido

Yohei MryasHrma”, Junki KoBavyasHr”, Kuniaki TaNaKkA? and Ichiro IMAP

Abstract

Lake Ohnuma is a famous for the beautiful landscape in Hokkaido. However, Lake Ohnuma has long been suffering from
the serious cyanobacterial blooms in summer. Therefore, there is urgent needs to reduce cyanobacterial blooms. The aim of

this study is to find a way to improving the water quality using a floating plant Trapa japonica Flerow. We set two different

investigation spots where different densities of 7 japonica were seeded. The following environmental parameters were moni-

tored from June to November in 2014 : water temperature, pH, chlorophyll @ and pheophytin, and nutrient concentrations.

Water samples were examined under an inverted microscope, and the number of microalgaes was counted. The values of pH

tended to be lower at high seed density spot after August.

High seed density spot exhibited lower DIN than that of low seed

density spot especially in June. The concentrations of phosphate and silicate were lower in high seed density spot than those of

low seed density spot. As for microalgae diatoms occupied the substantial numbers and densities increased from June and

showed the maximum in October for both water and biofilm samples. These results indicate that the more 7. japonica is

planted, the less nutrient concentrations were observed.

Key words : Freshwater ecosystems, Eutrophication, Nutrients, Cyanobacterial blooms, Water plants, Trapa japonica
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JeiEE I S EE,  AGHEE R U B B O M AN
SEEES A B (1,133 m) OFEE, 25 130 m (2 frdriRok
MTh oo KB, IMNAROEIIAD 3 DOMBREN S22,
HifEIXZ 21 616, 484, 136 ha Td 5 (FEEE, 2013).
ELWERBUZ L WBUEETIED —7, W25 ORFENE
D ARHER TS, FUREEOM, LBl L >TE
A LANEST L T & T\ 4 (Yoshimura et al., 2000)s K
20124F 7 H 4 HIZT A — VBRI E 20, KE
OEEEME LT L) —EEREEOREFEEML S
NAHEHColze LLEDS, BEEFICHBED
Microcystis aeruginosa 5% 13 U6 & T D BRI 7 )V — 4
THETHIANFREL, BNHOBIESER, SBlOE
EEEZFNTBY), BRIV EL o TWh, 72,
HER T+ AOFAEMEORINIE, AT TFEOF
HAEMORA b IEEIN TV,

T AORPSE L LCUE, R LI & B REEE
HAEOHIESBARTH 5, L L, BESEOHRE
RFEMIIHENE L LCREE S 2%, SHALNT
WABTFIDMRETEE LT, W TETIERY 7
LW BE VT 7 4+ 3% EEEENF 5 T8,
ALY 51 CLIRER R S DAL % RS8R+ 5
TN (PGS, 2003) L LIS DTHEs)
BOMBNERGLBHDEPHIY, BEEEX VT F VA LE
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ADWENPRKEVERLE SN TS F5F - L 2001).
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TWBINID—2TH 5 (tifpE-LHHT, 2014), 2D &
25 EERETIE, 2011 4F X 0 v B ARSI LIE I FSE 2D
FA, 710,000 m* O A AT ) s 2 b & L C
WL, 3O NTHZAlFE % 8 U CoRii oW bR 2
RTRAZEmL T 5, Fbiicky, g% )
HIZB L2 40% D EOBREEREZERLTB Y, 4Rt
MR EOILADHE S Tw b dbiEE-EAET, 2014).

T, BVICBWTHENRRERRINGEY TS 2
& S T\ % (lamchaturapatr et al., 2007 5 JE5 5,
2010 ; AL, 2011)e LA L7Z&e2ss, NI L 72
Y RFH L RESEAORT) AT RIZ R SN TW
BWONPBIRTH 5. 7 2 THRBFZE T, AHEINOBEK
oO—HMIZATHIZL oA FHEL T, KEoE=%
) Y7 ETV, BV EROKEOELEEREO I R
R L 720

MRB L UAE

FAEIFZE IS Wz e 0d, 2014 4E 5 H 7 HiSilEK Lo
— | ZFEFE L 72 (Fig. 1o M L7262 OffiL, 2013 4F 11
Bz AviEE - HNTC & 2 i LR R (AT RS 2 it TR
FL-b0, BXUHLFERE R FHEERH =28
AL TCWebDTh D, FHEHEXHENLKTO - Hn K O
THANCA 5 mxSm OXEZFEL, Litflice > off
% 200 fE, TR 800 i, Ft 1,000 fEFEME L Az, T
200 1 % 357 L 72 SEERIX A LK, 800 fH%FE L 72 925k
XaEHEX L L7z,

A & SR OFRIUL, 2014 6 A2 5 11 A2,
JEHIE LT RICEN L 720 RBKIRE #9285 X Tl
EL7fR, TNTNoORBKEEKL, &6 COiERR
WHEEHB L7 A R—AR) 70 L VHIZINE L 72
FEHIEREPT IS ORTE L, FEBRE R (0 A 12 FE BRIt
L7z oy oifbHE, BHEEX L mE 1 HriRE
L7z

W7oy roraa74va BLE 72474
TR ERET S L, KERROWAKEE L GFF 77
AT 7 AN=T 4 )F— (07 pm A v > =2) % Tl
L7z 2D, 90% 7k b T 1 0GR &
BT 5L THaIcib s, EtER* et
i (fy) ZEE L, ZOBRPEOERZMA, FTEEGME ()
THE L7, TO%K, HohiatbEick Y raa T 1
ValBEBLT o4 74 F VLR E N L7 (Parsons et
al., 1984)o pH (ZB1#512 T pH merter D-51 (HORIBA) % Fiv»
THEE L7ze F/2RFIRBEE b7 F T4 —
(Quatro, Bran Luebbe f1) % FI\ > CTHEEEREZE 3R (NO;-N), HE
TEERREZE F (NO, N), 7 ¥ E = LAREZEH (NH,N), U~
fRREY) ¥ (PO,-P) B L U7 A FREE 7 A 3 (SiO-Si) % % Z
nenlE L7z,

Wi 75 > 7 b 200 TiE, &Kl CE ket
BTNV IVTIVTE RTHRIEE 1% & %5 &) B L7z,

==
B

o 65(2),2015.

FEHE 500 uL 2 B/ BHAEE T CBISE L, W77 > 7 b
Y ORGEEEHEITo 72,

v yEEHIOWTIL, Y TV D Ao 2RI R E
JK% 200 mL fill 2., 600 [B5EHR L 2R/ N1 4+ 7 4 )b A % 3]
HESHETNAF 74 VARER RS20 ZONAE T 4
VLI EE R, TIVE VT IVTE R THRE 1% & b
LD ICHEBE L7ze & BICHEENA 7 4V ZEE T %
WZSRK T 1/ 10 1AV LAERG L 72 A0BGEUEE 300 uL 2 2 7
A FATAHY, BSTBEmMEE T TR L, EEOM
MEH O E - FHE 1T 720

& S

AIRDOPERE R % Fig. 2 1R T JKillE, FAAHIR %
L TEEEX EEBEEXICBWTEIIR SN G572 5
HOKIRIZ129C, ZOH%THEFTREAL, &&EKiR
240C %ok L7zo ZOBKIRITTREMZ R L, 9 I
BRI 9.1°C 2 Redk L 720

pHIZDW T HD & (Fig. 3), 5 HICHHAIAR %8 U T
LEWEE S CREGR L 72 (B EKX : 7.89, K%
X : 7.88)s D, 6 Al HILWEE ZNFIUR
L (EHEX: 733, KHEX: 736), D% H T TH
IMEMAR SNz 72, 5 A2 S 7 BIZHT CUIEHE
XEMFEXTpH DT EAERBD SN ho72. L
L8 HIZR D EEBEEIXTpH .65, KEFEXTIR &
DIDPRELENDD SN, 9 A CIIEEBEIXT162, K&
BEXTIE 767, 10 AICIZEBERX T 142, EKEERXIZ
TI152 DEZRE L7z WIS EREEXIZHN, &
FEX DT AR pH DIEZ 7R L 720

WS B2 7007 4 Va R T 2 F T4 F 2D
6-10 H OWEFE R % Fig 4 (IR L7, 7uu 7 4 )vald
FEEEXIZBWT 6 HIZ2 065 ng L 2508k L7245 7 HIC
AL 0.1 pgL"), 8 H1Zi20.53 pg L &30 L 7275,
ARIIARNMETH o720 7 2d 74 F VIEFEIL, 6 HIC
1.07pgL! 2R L7, 2D 7 Hi2098ugL!, 8 12045
pgl' 9 HiZ084pugl? 10 HiZiZ132pugl! L W) ET
Holo WEEXIZBITAZ70n 74 )VaEld, 6 HB &
7 HIZ 016 pgL!, 011 pgL! &ITITHUDICHERS L, 8
A2 026pgL?, 9 I 037pgL?, 10 A2 065 pgL’' & 4%
RPRWNMENEZ R L2 —H 724 74T VigEE A
&, 6 BiE110pg L' 2R"L, OHET10pgL! OF —
F—DETH 5720 10 BIZIEHFHICEML 134 pg L
Ll olz, MM AU TSI, 2uu 74 0ba
BEROT =4 7 4 F VIREIIHR L TRWETHER L C
Va2,

TSI 2 B A 2 M O SRIEIRIE OHERS % Fig. 5
R TVEZTREERIZOWTALE, 5 AICIERE
EXB L MEEEX TENZI1.90 uM, 1.89 uM & (31T
RO % 7% L 722° (Fig. 5-a), 6 HIZIEEEEIX DY 1.66
uM, EEEXDT1.96 M. & BEERO IR T VE=TRE
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Lake Ohnuma district
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River /4 density spot
Low seed
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Stream flow
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Fig. 1. Location of the experiment site in the detention pond in Karima River area. North part is high seed density spot of Trapa
Japonica, and south part is low seed density spot.

SRR 2D, 7 A FRASI R A O iR i TH o7 (Fig. 5-b)e TOH6 HiZIZEHLHH 5 A L131F

DFNEN285 uM, BLU 290 M Z7edk L 720 ZD FREOMEE R L, BHEEXTO057uM, KHEEIXT, 059
8 HIZIZiA L, EHEEXA 174 uM, K XA 1.70 uM Th o7z, DIFEHgEeRe s R i3 numsmrL, 78
uM 7R L, 9 B DRI T 3 S R T Th - 720 IZIEFNZI093 uM & 095 uM, 8 A I IEmEHD 1.90

HAEAEREZE R ClE 5 AIIEHEIX T 0.60 uM, [IREEEIX UM B LN 188 uM ZIR L7ze ZDf, 9 HIZRk 5 L&
12071 uM & VIO EZR L, RREEEX O JTHME W E WAL, EHEX T 045 pM, EKHEEX T 044 pM O
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Fig. 2. Seasonal changes in water temperature at high seed den-
sity spot () and low seed density spot (O) of the water
plant Trapa japonica in the detention pond in Karima
River area in 2014.
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Fig. 3. Seasonal changes in pH at high seed density spot (Ill) and
low seed density spot (O) of the water plant Trapa japon-
ica in the detention pond in Karima River area in 2014.
TH D, 10 BICIIHEZH 5825 # = CEIE S /e

(0.82uM, B X U 0.80 uM)o

THIRRESE R ZE R & 7 DR B OFE R K5 %
HOTWiz, ZEEAb e, 5 HIEFEX T 667 uM,
BB REIX T 672 uM %708k L 72 (Fig. 5-¢)o < DR HL T3
WRAEE R R L, 6 HIZEHEX T 523 uM, REEX
T 3560 uM TH D ETOENBOH LN, 8 HITiddbiziiEK
453 pM 2R L72o 2019 HI27% % & BRI A
sz Ic B AEWIER ST, [HIZE®H
JEIX T 80.4 uM, HEEX T 793 uM % itdk L7 10 Ad
oD H BRI Z 2 B W CEIERRD B e o 72

IR =REZSFE DM TDH 5 DIN DfEH: % Fig. 5-d 121
L7z DINIZb v OEHEEXB L TMHREKEEIXT6 HIZo

o 65(2),2015.

2.0 (a) High-seed density spot
1.5
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Chlorophyll a and pheophytin (ug L)

No data

0.0
2.0

(b) Low-seed density spot
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Seasonal changes in the concentrations of chlorophyll a
and pheophytin at high seed density spot (a) and low seed
density spot (b) of water plant Trapa japonica in the
detention pond at Karima River area in 2014.

Sep.

Fig. 4.

RIEHRD HINT (FHEEIX T 54.6 pM, (RFEEX T 5851
uM)e LA L, Mo A Tid iz Bir 2 23
N ro oo ERFBIIGIED 5 BIZEHEIX T 693 uM, 1K
BEX T8 uM Zitsk L7ze ZOBMmHTE L8 F
TWAER AR L, WiH s b 8 FICHRIED 48.9 uM
waR L, 9 HICR L EWINCERL, BEEX T 80.8 uM,
X T 79.8 uM % fodk L7212 10 AIZIE PR LT
R T 654 1M, RHEEX T 652uM & 72572,

) VERIC DWW Fig. S-e ISRER TR L7z EFEX
CIREEX TS HE 6 HICHFELREVRO LN, T4
bh, 5 HIZEEEIXT037 uM TH-o72012xf L, K%
JEX1E 045 uM ZRiER L 720 D% 6 HIZIEEEERX T
WAER % 7R L (0.30 pM), — Tk ¥ DREEX Tid 0.50
uM Dz R L7z Lo, 7 AUREIZH AR B 574
WHFENBEDLNT, FIEN 045 uM, 049 uM % FLEk
L7ze 209 AIZ7 5 LTlijE & bRl x skl (&
TREX 2 018 uM, EKFEEEIX : 025 uM), 10 H IZIZ R
ML Tz,

A BRIEIZ DWW TR,

A T, ) ERYE & AR S
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(a) NH,-N (d) DIN
3.0 90
32.0 %‘_ 707
X =
Z1.0 2 501
0.0 O Oo— 30
b) NO,-N e) PO,-P
, Jb) NO; 1.4© PO,
—_ 0.8'
E —
32.0 30.6_
< .
o 0.4
Z1.0] 204
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go\¢) NOs-N a00 510z
270 Z300:
(@] o~
z Q
50 200
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2014 2014

Fig. 5. Seasonal changes in inorganic nutrients (WM) of NH4-N (a), NO,-N (b), NO;-N (c), DIN : Dissolved Inorganic Nitrogen (d),
PO,-P concentration (e), SiO,-S (f) from May to October of 2014 in surface water at high seed density spot (), and seed
low density spot (O) of the water plant Trapa japonica in the detention pond at Karima River area.

AR 6 HICBEE 2723 i S 7z (Fig 5-De 37D b, [X1£262.1 yM TH o720 TDRT RIS L SO
S HICEEERX O A BRIFIFE L 2961 uM Th o 72D 12 BHFENAONLE L kol EHRENX : 2252 pM, EE
XL, REEEXTIE 3599 uM E DR D EBWEER L7, 6 X : 229.6 uM)o 7 1 FREEIZ DA 9 B F CHEIMEm 2 7% L,
FIZIFEIZ S 512 L, SHEXT201.8 uM, A E IR EE 329.1 pM (S EEX), 5 X UF343.0 pM (R EE
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Seasonal changes in the ratio of DIN : DIP at high seed
density spot (Ill) and low seed density spot of Trapa
Jjaponica (O) in the detention pond of Karima River area
in 2014. Dotted line indicates the Redfield ratio
(N : P=16).

May = June

Fig. 6.

X) & ZNENFER L 720 10 A2 5 L EREX TIIAM
WAL 1943 uM T o 72 DIZHF L, AR EE XK AR
WM % HERF L 72 (343.0 uM)o

DIN : DIP L OFEHIZEILIZ DWW T Fig. 6 12RT. B
DEHEX, B IR EX I EmOHER 2R L
723, DT PICEREROF B EGEEZ RIS o
72 FHEMM 2B U CTHIZDIN : DIP IbiZ 16 L EZIR L
TBY, ZowEKIEIC) YHIRTHL 2 LS L
Too HRBZEADL L, 5 HITEHEEX T 1898, KHEXT
155.8 ZRdk L 721, MiHT & & A & 72 ) S X
138 AICHARAE 1127 278 L7ze REEIXIZ7 HIZ 1195

Lo TRY, ZOH8HIZIZ 1315 Eh Tzl <
W7o 9 B A B LA L ORI R
L7z (BEEX s 4565, REEIX : 325.6), 10 HIZ% 5L
BKTL, BEREXD 1744, REEXAHT 1858 &, (2ITH
FEOMETH - 720

HAKT DR TS > 2 b I EEEEAEENICIEE A
xR EDT Wz, EREHEOBMILEE L OV R (8L X
W) R E Fig. 7 W2R L7z EREF ORI, 5 A»
5 8 HIZHT Tid 2.0-30 cells mL ' ~ & HEAIMEI Z 7R L, 9
HIZIE—FEAYIZ 20 cells mL™' & 984> L7248, 10 B3k
AN EL 83 cells mL ' & FLEk L 720 EEEGHEIEE LTI,
5 H 2 Cocconeis J& & Nitzschia J& 7, 6 B LI Navicula
JBAEL LTBY (37.3-73.4%), 7 H LML Fragilaria J&
b 6.7-14.4% O HEIE VEIE TR S Lz A
TCHSRSNHEEIT, & THEEOEETH -7,

v U RENAF T 4V AhOMMITEED, FEEMICEE
B CHIRE) THEOLNTEBY, HEEoOBMIES £
OV R (8 L V) % Fig. 8 IR L7z #efifakid 6
F OfARME 2.1 X 10° cells g ' wet weight & sk L 727212, 3
@ =R L (7 H: 45%x10°, 8 H: 57x10°, 9 H: 6.1
X 10° cells g wet weight), 10 A 12 (& i KM # 1.8 x 10°
cells g wet weight & 7% 1), ik & FARICE WEZ R L 720
HEEEHOMBLE RS &, FATHIM % 8 U CRIKH @ Navie-
ula J&DFNEDERI R EF 2R L 30.3-44.4% % T
W7z TAEMEI O 6 HIZIZIRBEEE TH 5 Rhoicosphe-
nia JEDEIEH39.4% LR bEH L Tz, ZORD 6 H
DENEDY3.0% Tdh o 72 Cocconeis JEIX T A7 5 & 27.4%
EHHEIEDE LD, 8 A 23.8% & IEMNE W HE A HE
L7z L22L,9 AIZIE Cocconeis I@\THER SN2 T2 o
720 Gomphonema J&13 8 H ¥ TIIBIZ SN h o 7228 9
HIZ7%: % & 24.0%, 10 HIZ 0.5% O TRt s vz,
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Fig. 7. Seasonal changes in cell densities and taxa composition of diatoms in lake water at high seed density spot of Trapa japonica

in the detention pond of Karima River area in 2014.
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Fig. 8. Seasonal changes in cell densities and taxa composition of diatoms in the biofilm of Trapa japonica collected at high seed
density spot in the detention pond of Karima River area in 2014.
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ARIFFEOFER, A H T OKIERIEF U ZH 0¥ 5 KB
Dff (15.6-24.5°C) L IR, KW Z EDSHAL N E o7z (B
T, RFER) BB IR B o
DECIUAIET %0 F 72, IERRIBIZTHAT AWK,
FRIZIZFERIKTH B, MENEKBIZBNTD, ik
I A% KB ICBEKDOBMADPHRINTNE, 2D
DS, FKIBOBENFRFF KRR T AROBEKAEZF
KM HRA L7z FI2 X 0, AR IICKIEAMEC o7z k
EZz26N5,

pHOZEF AL, eV OEENEGIZON VER
FEIX G pH 2R TR & o 720 —HEAYIC pH O L5
ST T 7 My oBIMC LDl ERI SN, AR
5 Q011 I2& B &, MIlZBWTY VI X BERAE Obd
) SHERR S Nz L WESINTEB Y, IKERD OPERE
VIR D 15-20% % 2% LR T F > 7 by DXL T <
ANRBBANWA T B &5 ST % (Canfield et al,
1984) S 512, B VIFHRREHICH LT L uXy —5)R
AT A 2 L DEE S T\ B (Akiyama and Kunii,
1989)e F72, T EIIILOETEHARERIDOFENA F
T AV DS S HE L B SR EERE A T A MR AR
ENTFHIHRE SN TEBY (Imai et al, 2012, 2014), /25
FIIREMESE 0O EN TV (F T, 2013), &
W7 Tld, FHEHADO L L OWEITEEEX D E»
ZENS, ERo7Lassy —whiRe, SGoEREE, %
HHESEOEAMERIZL VY 7 > 7 b LDk
CHIEN720, pHIMKL eo/zbEz bNb, Ly
L7%A55, RIFFE0fER (Fig. 4) T, Ko7 oo 7 4
WV oa PEFEDSIER IR 2 & R, KT OBESER OB
EPRNC LENPD, SRR IBEPLETDH b,
Zoflizide v BE2SBEOWESHEH S Tn BT

BEME, BX O UIINET HEEEDS pH 2K T X451
BosdgEsSh, KRS Cw A TR £ 2 51
Bo TNHKEA LERIZOWT pH DD % MEtd 2 M3
HHI) o

R IZOWTUE, AT L KBK & B &
KD DIN (3.2-20.0 uM) & DIP (0.07-0.11 pM) 12, 3
THETIEZZNZNN TR 10 5, P TIlIH 2-3 DR
AL TV (BT, KR, ZOKERE LTELOE
FEEHRD S OR, BREOMMHT 2 EEEORENE 2
SN5, Bkt T, 6 BICT Ty A8 &R OR
FEAS, Y OEBEEXICBWTREEX L) QL%
WEWIHIERIEO NI, 2 ) VEREB L OV A B
HWIZoWTyH, FEHMZE L T v OREFEX &
R EX DR PEIAMNMEEZ R L7z, & VIEFICHTE,
RHRB L UK E D S50 5 R E A I L TB Y
(Nemoto and Fukuhara, 2012), % OHIGHE IZIEF IR E W
ZENHE L 5T A (Tamchaturapatr et al., 2007) & 512
13D S LT E 2R K TN 2 S
STV (SRS, 2010)0 RFFEDORE R T A5 & (Fig. 5),
E NI X DKPORFEEOWIE KL TV b D L%
AbND, FREREEIIOVWTE, WO Te A
IZBHE R EDRO LN &0, bV EICHE
OGRS IEE I Em N EEZ BN D. 7 A BEICH
LT, K OEEEOBMERE L LT v
KE/NA 7 4V AHRIZE TN LM ED DI
FWEEAEETLVLEND D, BERE 1gDL I 10°-
10° cells DEEFEAMIAE LTB Y, KFOfE (10" cells mL™)
EREST B L 1 gD KK D 10-100 L 5 O EE#E S
ARBLTWAEER L, lrs, HEOKTGT L v
WHBEERL, kPO TrABEZFALZEEZON
5o ZDLy, REEXIZINEHEEX OK 7 A iR
JEDMEL e o 72 L AERTE B0
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DIN: DIP lb& A% &, L) VHIROMEM ZRT 2
EDVHIB L 72Y, BmEEE TR U BERE A
EHEOMEA R L TV L b Tlde <, ERGRMEY 7
527 b ORIRERE 2o 72T REMEIZER VW E S 2 5,
PIERRTE/2E 912, v VISR osEN 7 E <,
EREALZMBIZBNT, ek kEERRY T
LI2ODVEFELE L TREREENHFEFTEZLLEZS
n5b,

T EHRE

B RIBIBEIZIE, 2o THBEOWELEZAHIZE
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