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Effects of Water Spinach on the Removal of Three Herbicides in Water

Huang Xiaoli', Huang Li', Gao Lei', Chen Zhongxiang', Wang Peng', Qin Dongli'*"

1. Heilongjiang River Fishery Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China

2. Key Laboratory of Control of Quality and Safety for Aquatic Products, Ministry of Agriculture and Rural Affairs, Beijing 100141,
China

Received 6 May 2019 accepted 5 September 2019

Abstract ; In order to investigate the removal efficiency of the herbicides by water spinach (Ipomoea aquatica), the
hydroponic culture was conducted to study the removal kinetics of three herbicides (pretilachlor, butachlor and ox-
adiazon). The growth status of plant and the herbicides enrichment by water spinach were also studied during this
hydroponic culture process. The results showed that the water spinach grew well when the concentrations of pretila-
chlor and butachlor were between 50 ~1 000 wg-L™", but it could not survive in the oxadiazon aqueous solution if
oxadiazon concentration was greater than 250 wg-L™'. Compared with the control group (non-plant group), the re-
moval efficiencies of pretilachlor, butachlor and oxadiazon in water spinach group were increased by 65.19%,
7049%, and 10.50% , respectively. The removal processes of pretilachlor and butachlor accorded with the first-or-

der kinetic reaction equation, and the removal reaction rate constant was significantly affected by the herbicide con-
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centration. The pretilachlor and butachlor concentrations in roots were both significantly higher than that in stems

and leaves. This study indicated that the water spinach could effectively remove the pretilachlor and butachlor in a-

queous solution through growth metabolism and roots absorption.

Keywords: herbicide; water spinach; phytoremediation
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1 ### 57 % (Materials and methods)
1.1 Skl

LRI R K AR 2S00 3, a5 O SR FE
V5 YL IR 3 AT RS 4 DL L SRR 3
— 0 AR A R R R (R 1562 cm+3.43 cm),
FHEBEFIRUREAR TS, SR 5B A TCT5 Y A% 22 1R
BRBPIRTE T d, R ETR S R 256

7890A-5975C AR 3% - BT il Bk HIAX (2 FEAE T
HeA R, 35E); N-EVAPTM 112 & " {¥ (Organo-
mation Associate 2y F] , £ [E); PB 602-N Hi, K- (1
R -FCR 20 (IR A FR 2 A, ) ; KQ 700E
TR Dk T Uk A (RS WL T B A A RS A R A ] D
Syncore Z ¥ ity % 1 W 46 AEAT 28 KA G B R
FRA T Fi ). XEVO TQ-S 8 5 20k (4,335 - 5 15¢
U DU B (R R AT IR | 26 ), BT
A ESI & T ; Infinity 5010 &S & 4= 2% (5 50 4K
AXES 5 A BRA ], S [E) ; ASE350 58 1 77 45 B Y
PR RHRBHE A FRA R, SE ) Milli-Q H 4li7K AL
CRIRPEAT BR A W, S, PR R AT R R A o o
0 1 FE AR ) SR AR 5 R o 5 0 R o 5 VS R
YN 100 wg-mL™", 4 [ A AR AT TR BT AR P R}
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JEV B AN I FUMAR 25 1) 25 U0 B 5 5K
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A s T R AL, (R B 22 R (P>
0.05); B E R E (250 ~ 1 000 g« L") N B 5 W 411
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001 d7 F10.092 d7, WEAR TR E A
AT RS ) RGR(P<0.05),

TE 16 d FYEE SR, AN [m] B 50 551 KA [ vie B 4% 5%
R, 2 DRMRARAERKERAR ., ZEIAWRER
IR REAT T B W, 25 O SRR R AR KRB R
KT KEAER, TERIRREE(<100 pg-L™")

x1 ARBREFNZOREKPZIE

Table 1 Effect of different herbicides on the growth of water spinach
AR
R L) Growth
Herbicide W (ug-Lh) APt /g WY t/g BAEY R/
RGR/d™!
Concentration/(ug-L™")  Stem and leaf phytomass/g Root phytomass/g Total phytomass/g
Control (553% 0 d)
0 026003 0.06+0.02 031+0.04 -
Control (cultured 0 d)
Control (3537 16 d)
0 1.56+029 049+0.09 2.15+039 0.12+0.012
Control (cultured 16 d)
50 173001 051+0.01° 234+001? 0.13+0.001°
o 100 167+0.02* 050+0.01° 227+0.02% 0.12+0.003*
TN B
] 250 165+023? 024+0.04° 1.81+026° 0.11+0.003°
Pretilachlor
500 1.68+0.05% 0.14+0.02° 1.66+0.07° 0.10£0.002%
1 000 122+0.04° 0.13+0.01°¢ 125+0.05¢ 0.086+0.003°
50 223+0.02° 0.62+0.01° 296+0.03* 0.14+0.0002%
i 100 2.07+0.122 0.54+0.02° 2.68+0.13° 0.13+0.001°
TR . .
250 1.85+0.06 04420.04° 232+0.11°¢ 0.13+0.009
Butachlor
500 1.69+0.04% 025+0.03¢ 1.85+0.06¢ 0.11+0.003°¢
1 000 1.52+0.05¢ 020+0.02¢ 163+0.07¢ 0.10+0.002¢
50 1.74+0.05 024+0.02 1.89+0.06 0.11+0.002
— 100 140+0.04 0.10+0.01 136+0.05 0.092:+0.002
PN
" 250 BET" Death JET" Death BET" Death -
Oxadiazon
500 SET- Death SET- Death SET- Death -
1 000 SET- Death BET- Death SET- Death -

T : RGR 37 AR Az 1< 4% 3 rb o e g 1T M B ) 30 50808 AN TR 2 7 B 3 S [l ki B2 T A .3 28 57 (P<0.05).,

Note: RGR stands for relative growth rate; data in the same column for pretilachlor and butachlor with different superscripts are significantly different be-

tween different concentration treatments (P<0.05).
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WL (=500 pg- L)W, EARHRE N 250 pg
- L7V, PR R e I R R ERGA B  K A 0.0357 5k
AT 1 000 wg - L7 A, PR B S 0 3 R s
FHe/IME 00032, T R s vy 3 #E 5 FUE 100 pg -
LRI EE T iR 2 i K {H 0.148,1 000 pg- L™ Ak
F2/IMH 0.0302
2.4 ZS0SEXT 3 R 25 IR I S AR

TEAN AR BE R B S FR T, 2503 AR 25
A B ORI AR B S DL AN 3 R, 3 FhBR EO AR
23503 H B B VAR EE Fh KB/ IS P Ay TN e > T
Jiie> 0 R, TN TR AR S O SR AN [R 4L 8Uh
5% B R R I AR R AR, B AR R ZE M

g /b i K BN T Ay 2 AR > 25 >0 B 5%
16 d Ji , ARV B TR B TR B B AE 25 10 SR AR | 251
Y B B v B 1R 43 531 R 9.46 ~ 284.80,1.092 ~
2483 F10.64 ~124 ng-kg™' o AFHE T BT H
FEZS 0 S (A R 25 0 I v i) 5 Rk S R 43 Sl oy
090 ~114.00 .0.51 ~6.46 F10.097 ~0.670 pg-kg ™.
T ST v J3E 91 T DA 7K T 18 TR R BRI T R v
AT W WS e AR B R M B, A PR R R A0S
R ZE ke B Wk RO (E I v ik B Ak R A4k
AR, AR Z 8% B ok 3 K 25 Fn it (P<0.05),,
AR ZS O BOAR ZEAT o 5k B vk L R B
HR>ZE> 0t 5% B VR B2 7 [ 43 301 4.92 ~3.60 ,3.56 ~
3.79 F11.05 ~248 pg-kg ™' MR50H R 5k B i 25 57
B3 (P<0.05), HBfANHRMR B34 i i JC A 481k

- T -1
1200p 50 pg Lt 1200, 50 ug'L |
= 1000 B 100 pg L = 1000 e
O —&- 250 pg-L! O ;ggg ug-i’I
= - - 500 pg-L! = & L pg-L-
2 T\:; 800 P Ooggug'L" .L] g; 800 -1 000 pg-L!
2E 600 bE
<~ 3 ==
= 5 i = 5
= § 400 & §
g g
S 200 S
Ok, 1 1 1 1 1 1
0 3 6 9 12 15 18 18
15 3Rt A /d Rt al/d
Incubation time/d Incubation time/d
(a)NHLJiZ Pretilachlor (b) T Eif Butachlor
B2 EFRTOLEMNKERPRERMTERRETKE
Fig. 2 The concentrations of pretilachlor and butachlor in water cultivate with water spinach
2 FAELET2HBREFEBRBE R NZFFRUESH
Table 2 Parameters of removal kinetics of two herbicides in different treatments
— % JI2E T RA S
AR W (ng- L") o ]
B Parameters of first-order kinetics equation
Herbicide Concentration/(ug-L™")
c. C k R
50 58.02 5538 0.0303 0947
100 92.79 87.86 0.0345 0.883
[N
250 22530 218.18 0.0357 0955
Pretilachlor
500 567.38 443.14 0.00967 0.670
1 000 930.72 812.69 0.0032 0.890
50 5256 5255 0.134 0997
. 100 112.10 112.10 0.148 0.999
TEE
250 245.77 24533 0.095 0972
Butachlor
500 481.05 47027 0.0451 0.944
1 000 985.10 908.53 0.0302 0.728

T oo MBRFIAI G R IR L (mg- L) K A EBRERER(A™); . HERHF A LB IR L (mg- L"),

Notes: ¢, is the initial concentration of herbicide for fitting (mg+L™"); k is removal rate constant (d™'); c, is the actual initial concentration of herbicide
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Fig. 3 Residual concentration of three herbicides in water spinach
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