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Abstract

The removal of nitrogen, phosphorous and neonicotinoid insecticides (clothianidin, dinotefuran,
imidacloprid, nitenpyram, thiacloprid, thiamethoxam) in water samples by aquatic plants was investigated.
Nitrogen and phosphorus were removed from water samples by Hydrilla wverticillata and Najas sp.. The
absorption rates of phosphorous were higher than those of nitrogen. The removal of neonicotinoid insecticides
by Hydrilla wverticillata, Najas sp., Lemna minor, Eichhornia crassipes and Phragmites australis was also
investigated. The concentrations of clothianidin imidacloprid and thiachloprid were decreased by E. crassipes,
and the concentration of thiachloprid was also decreased by P. australis. However, no decreases in the

concentrations of the other neonicotinoid insecticides were observed.
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HE I D L KEFEMAVED ST 5o BREMIIKOFIHEMIC L ) RR 505, R TIE
LEEHEH0.2-1.0mg/L LT, 4 ¥ 2°0.02-0.09 mg/L LT, ##E TIEe%EFEL0.1-1.0
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KT DN T D BREILB LI, SEFLH T S U2 wizw, KEKICRAT A1
BEMEAVRIE E TV B,
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770 A OB M N ECHAET DUKEDLERTH L, EOHIH»HRRLOREL L
WET D, FTYAEIANTERIE L, DR IZLOMARALHTAHASN, A0 IS T
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WaEMZAZETImg/L £7215 10mg/L 12745 K )IHRB Lz, A =aF /4 FRESE
BUEHAKRKPASTVRRZE-—H—IZ, ZHE, FYA, I7F I/ HEKHAEEIRTH D
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ICIHRRREZE R L ) VIRIRY) Y2 ININT 5 2 L TH 4 1mg/L 2 & 0IERE AR L 72 FREME
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A% A IREOHER & A7z (Fig. 1(c), (d)o MHERREEROMEDNLILE 2L L, 7 TETIE,
BFEOHRBIMEEORFEREEROWE X3 HETIE 0.2l mg/L & %o 7245, lEEE ) » % [k
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Fig. 1 Changes of nitrate nitrogen and phosphorous phosphate concentrations in water
samples due to removal by Hydrilla verticillata and Najas sp. in a water sample

(a) A water sample to which only nitrogen has been added

(b) A water sample to which only phosphorous has been added

(¢) A water sample to which nitrogen and phosphorous have been added

(d) A water sample to which nitrogen and phosphorous have been added
O Hydrilla verticillata @ Najas sp. A Control
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Fig. 2 Relationship between the amount of aquatic plants and changes of
chemical substances concentrations

(2) Chemical substance: nitrate nitrogen, aquatic plant: Hydrilla verticillata
(b) Chemical substance: phosphorous phosphate, aquatic plant: Hydrilla verticillata
(¢) Chemical substance: nitrate nitrogen, aquatic plant: Najas sp.
(d) Chemical substance: phosphorous phosphate, aquatic plant: Najas sp.
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ofzl b, Ay M= VIXIZBIF S WMBEEZEOREDORPOER & LT, SmEonf
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Fig. 3 Photo degradations of nitrate nitrogen and phosphorous phosphate

(a) Nitrate nitrogen (b) Phosphorous phosphate
O Light @ Dark
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32 RXAZAF /A RREE

3-2-1 EYBFEETTCORAZIAF /A RRERDEEDNEL

SO R HHEME M LHAEO AT = aF ) 4 FREEHBEDOREDOELE ATz
(Fig. 4)o 10 mg/L IR Z B LK, AT AT A ZHVIgGE, 70F 7=V 0,
A3 7u7) FBLPF72707) FOREPETHA L, 15 HZ12I1E 7.1 mg/L. 6.0
mg/L BLU29mg/LI%k->7c0 CORDREZEZMMIRETHRYT 52 & TREREZ KD,
sUFToVr A5 70 T) FBLOFT7 207 ) FOEFEEIL69%. 59% K% 1 30% T
Holze AVERVEEE, A3 70T FeFT7 07 FOoRPETHAL, 15 H
%I2I3, 7.2mg/L & 8.1mg/L 127 ), BAFREZH T 2L 70% & 83% Th o720
MEHREZ 1 mg/LICHRBE LB R, A7 AT A Tldrur7=y 0, 435707
JRBLXOF7207) FiZ13 HETO0.74mg/L. 0.66 mg/L B LU 0.49mg/L 2%, ~
OF7 =V yORERITT0%, 41352707 FiZ65%, F727a71) Fidb2% &7z
(Fig.5)o ¥/ 777 EFTAMFHLBETIHALE4 0.75mg/L & 0.64 mg/L 12721,
BHEELZENTL L, T1%E 2% Th o720 TV EHCIEEIZ. 772707 FORDHE
AL, 13 HIEIZIX0.64 mg/L 127 ) FRIFERIL 68% T - 720

—H. 70E, FYRA, AUF s EHCEHIKTORF ZaF ) 4 FREEORHIITA
LOLNLHRoT2e FTATHARIAYTAL=aF /4 FREEORD VA LD SENTZD
. NS OHWIIMOB DL o722 L2 L) KROBAKEN—HFIEH 50mL TH I,
ORI HARTH N0 EL D072 2 EPERDVEDTH B LEZHLND, $72. ATAT
FA LAY TR 10mg/LICREE LA L 1mg/LICRRE LHAICBWTERFRIZIEL A
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Fig.4 Change of neonicotinoid concentrations by aquatic plant

Initial concentration 10 mg/L
O Hydrilla verticillata @ Najas sp. N Lemna minor & Eichhorniacrassipes ] Phragmites australis Il Control
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Fig.5 Change of neonicotinoid concentrations by aquatic plant

Initial concentration 1 mg/L
O Hydrilla verticillata @ Najas sp. 2> Lemna minor M Eichhorniacrassipes [ ] Phragmites australis Il Control

EDDbLLhoTlz
=T Y ET AIMIIEEE 10mg/L BL U 1 mg/L OWTNOYED T bu— VX CHZE
WA L I X 2L AT 2 2 ETE o7,

3-2-2 XAZAF /A RRERDEEDORLDER

T PO =VXIZBWT AT ZaF ) A FREEOREDHAT 2EE E LT MK #E,
W REB L OMAEN S ENEZ SND, TOEREEAT 272012, WRIRET 10 mg/L 12
ML 6 MO =aF ) A FREBREE ELAEMKE PR L BEFHME L. IBEOZ(LE A
Poo WEFTIZMUE L7z AA =3 F ) 4 FREBEOREOLLIZERT 2 L, 25 HHMEL T
BECEIbEA LD SN0l (Fig.6(@), 2F ), A4 =aF /4 FREFEIIKRPTI
MKRGEL 2N DD be DEHFICNE L&A DT =3F ) A FREEDRED
ZAbEADLE, =7 Y ET AN T HEIZIZ0.94mg/L L4 1/10 DEEE R ), 4 HERICIEHR
Mane o7z (Fig.6(b)e WT, £ 32707 Fid4 HAIZ5.5mg/L &4 1/2 D
BEL 0. 18 HERIZIZ0.95mg/L & 1/10 DL e o720 F7 A FXFAEW- Y L
L. 4H#&ICIE6.6mg/L &0, I8 HUMRIZ 23 mg/L L oize 7 UFT I 0RD /)T
7T 16 A% S AEND AR LD S, 25 A4 4 1.8 mg/L & 0.26 mg/L 127 5
72o FT7 2707 NI 25 HTHWAEMIEA LD SN 572,

CHEDFERNS, A FZaF A FREIL, MARSREIZFIZ VDS BI2 X ) 5@y
BN bhotze BT EHMOLR TSR, =F v EFL>43IF 707 F>ruF
TEVU,TVI)TTIT FT AN LAS>FT 20T FOIETH - 72, kb LIc<
WFT a7 RPEFELTORLKEEICATATAARLI 2N AT LX) B
DL7ze 2F ), INOHEMORBEREDC &1 5 SNz, RIS N7z hIEAT
H D05 FAL~OBH O REMEA M 2 % o

10



14 (a)
%IZA 8
oo 208 202 B2t oR
=}
8 8 o o O O
E 6 [m} o o o [m}
g
] 4
o
© 2
0 : .
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Day
12a (b)
% 102 o oo u O o O o m|
G o
g = 8
£ 6 L
g A H
§ 4 A ! eg
g 8
@] 2 A A B
A A A
0.——‘—‘—‘——‘——‘——‘—‘—%——“——‘ -

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Day
Fig. 6 Degradation of neonicotinoid insecticides in water samples

(a) Hydrolysis (Dark) (b) Photolysis (Light)
O Clothianidin @ Dinotefuran A Imidacloprid 4 Nitenpyram [ ] Thiacloprid M Thiamethoxam

3-3 WEWMICLDER. VrHLURAZIAF /A RREEDEHIA
REBRDOFEF 5 I %2 5 U 7ze ALEWE DS 1IRSISIZ L D2 E/ET S L (1D
HAZHED o

dC/dt = kC (1)

ZZTC, ClIt B0 L2, ¢ 3R, kK IZSUSEEERTH 5.
Bt = 0 OO A =05/ 4 FREIEOWIIEE L Co & L TR T 52N %5,

C = Coe ™ (2)
WO R & b e, RBNIH D,

InC = —kt + InCo (3)
FIHAE 6, & LT ZOREOC = Co/2 & LTONSRAT B LN H 5,

t1/2 = In2/k = 0.693/k (4)

2%, KB»Hkeb T, ZOMEERANNAAT L EFBIMEZRET LI ENTE S,
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KEF % MR 72ROEFRB L) Y OF M % Table 1 1277 F, 7 UEBLVF VAL
ML7286, WBEEEOAZRNT 2 LM 1.1 HThY . mEeEEke ) VBEE) »
FRATMAZRE1.3-1.7HER D, MEREEEL ) VIREEY » ZRATMA 72, Al
TR 72K X ) SRREEROF BN E TR o7z ) ViZDoW T, BTN 256
Z1.4-1.5H, BAETMAZLLEZ1I5HE R, BMFEFZIZRATOERMIZIZEA LD
Lholz,

PAZaF A FRBEEIZOWTE, ATATH AL AT EHHERLSHEOHDLEMN %
Table 2 IR T o KT A T A AZOWTIE, MHIEED 10 mg/L DK, 7057 =Y 135.6
He ¥V /775 213100, 4134270 7) Fiz4.0H, 772707) Fiz1.7HE %R -7
Fro. IMEEA Ilmg/LET5E, 7UuF7=2Y V351 H, ¥/ 7772156 H. 13
a7 ) FiZ46H,.772787) FIZ29H. F7 A MFHAE4.6HE R -7z, TV,
WIEEA 10mg/L OB, 4 352707 FOPEME5.0H, 772707 FiZ10 HT
Hotze oo WNEED 1 mg/L OROF7 718 7) FOLEMIL 8.6 HTho7zo 4N
IR EE DS 10 mg/L % 1 mg/L & B TR SN B IREE O 10" REFEEE B VIR EE C il 95
HEnTwz, Lol BIETEEOIERWRETHEEST 52720, INLokmEzHvws 2L
W&, R TER SN RE LD SO R 2 eIl s N5,

Table 1 Half-lives of nitrate nitrogen and phosphorous phosphate

Compositions in Concentrations
Aquatic plant P
water sample NOs-N PO,-P
Hydrilla wverticillata  NO3-N 1.1 1.5
NOs;-N + PO4-P 1.7 1.5
Najas sp. NOs;-N 1.1 1.4
NOs;-N + PO4P 1.3 1.5
Initial concentration: 1 mg/L Day

NO;-N: nitrate nitrogen, PO4-P: phosphorous phosphate

Table 2 Half-lives of neonicotinoid insecticides

Initial Clothianidin ~ Dinotefuran  Imidacloprid ~ Thiacloprid ~ Thiamethoxam

concentration

Eichhorniacrassipes 10 mg/L 5.6 10 4.0 1.7 —
1 mg/L 5.1 5.6 4.6 2.9 4.6
Phragmites australis 10 mg/L — — 5.0 10 —
1 mg/L — — — 8.6 —

Day
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