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The influence of submersed macrophytes on the migration of atrazine in water

QU Meng—jie', LI Hui—dong'?, LI Na', ZHANG Meng', ZHU Duan-wei'

(1.Laboratory of Eco—Environmental Engineering Research, College of Resources and Environment, Huazhong Agricultural University,
Wuhan 430070, China; 2.Institute of Quality Standard and Testing Technology, Shandong Academy of Agricultural Sciences, Jinan 250100,
China)

Abstract: This paper researched the distribution, adsorption and desorption behaviors of atrazine in the sediment—water system of Lake
Tangxunhu and Lake Nanhu in Wuhan City, and Lake Honghu in Jingzhou City, China, concluding that Ky, the desorption equilibrium dis—
tribution coefficient of atrazine in this system, is much higher than the adsorption equilibrium distribution coefficient Kp. In other words, its
hysteretic desorption behavior is obvious, and this suggests that atrazine will be hard to desorb once it enters into sediments. On this basis,
Potamogeton crispus and Mriophyllum spicatum, two submerged plants that could absorb atrazine, were cultivated in the sediments in Lake
Nanhu, and the initial concentration of atrazine was set equal to 0.10 mg *kg™', 0.25 mg kg™ and 0.50 mg-kg™. Both of the plants can di-
rectly absorb atrazine. When the initial concentration equaled 0.25 mg -kg™ on the 20th day, the concentration of the atrazine in P. crispus
and M. spicatum was equal to 13.4 mg-kg™ and 11.2 mg kg™ respectively. Moreover, both plants have a certain removal effect on atrazine

in water. After 45 d, as the concentration increased, the removal rate of the atrazine in the sediments by P. crispus and M. spicatum reached
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92%, 86% and 91% as well as 84%, 82% and 90%. On the 60 d, the degradation rate of the atrazine in the overlying water reached 35.0%,
51.3% and 1.50% as well as 32.4%, 61.8% and 0.44%. Results show that even though the residue of atrazine in water is easily immobilized

by sediments, macrophytes can still be properly applied in a specific concentration range to the removal of atrazine.

Keywords: atrazine; distribution; sediments; Potamogeton crispus; Myriophyllum spicatum
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Figure 1 Locations of sediment sampling sites of Lake Tangxunhu, Lake Nanhu and Lake Honghu
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Table 1 The physical and chemical properties of sediments

YU Prihib] [Eat ki

Sediments Lake Tangxunhu Lake Nanhu Lake Honghu
e TAS e IE]
Background value of 0 0 0
atrazine/mg - kg™
pH 6.74 7.15 8.64
AR S
Organic carbon/% 183 465 1218
FHES 7S i
CEC/emol -kg 7.98 11.53 15.34

AR ) Ay R TR ) T RO DK
TEYIREAEAN R i , ok A DU ) e

BT bR o S W T i DSCE R A BR A R L 2l
JE 99.5% . 55 AL FREL 1.000 g FPRifr e,
75T 1000 mL HHEEE, Bcifil B 1000 mg- L™ F) PR -
FH ST

JE IR IR % Fe E 48 SHA-C T8 ; B0 A (i Agi-
lent Technologies 1200 Series; {4 % £ Alltima™ C18
(250 mmx4.6 mmx5 pum ),
1.2 £t
1.2.1 BATRE T P R 5 A e R~ Ay S 0

HEEFREL 3.00 g PIFRUIAE S, BT 50 mL S 11—
A, A 0.2.0.4.0.6.0.8.1.0.1.2 mg-L™ iy
BTRERHE K 20 mL, A SUS B H, T 25 C.280
remin” 50 IR 48 h, ALK 3 NEK . PSS,
SR, BTRERLHE A R B 2L FRTE 48 h N SE R, FTAH G
SCHRAS A3, FEM BF-1 ) BB PR AE 6000 1
min™ Z5PF R B0 10 min, B 10 mL b 35300 5 Bl
EITAE 735N O R W s O = P NS
WA 10 mL K&K W = MMAR R H A0
DU E B ETE, T 25 °C.280 r-min™ 5514 PR 48
h, KK B BRSP4 38 T VREE 6000 remin™ ST
B0 10 min, BE 8 800 2 BT R ek B L 25 R T
e PN il = A
1.2.2 PUKAEY R FR 15

AT LS L YERHE A 5 kg BT . T

TR BRI B 3 R AN P, A A R 3
AT MAETUKFEY) . RN, BN PR JCUTK A
P RE L 2 AN . 5k B BE TG KA 4 G BTy
P2 FIXTRR(CK), 2 AN KB B Y 1000 mg-
L (R B R har et — Y B 43 ) B 0.5.1.25.2.5 mL
AU HUMGR A, B DR v Bl i 14 vk 3
4353k %) 0.10.0.25.0.50 mg-kg™, 7E VLR A
300 HJe e 4%, 48 i s g TR G 38 SR N Uk B BT R
HA LR, K B UT KA Rl A4S (45 P9 AR B
UURWD ), AT IR in A ZE I KA N BRI TR 5%
BEKBRE R 15 em, i M FEZE IR K AR 25 K
R A A ) i B 20 g
1.3 MEFHE
1.3.1 AR B e & il

B 100 mL 7K#EFHepr A 5 g NaCl, I3
PEFEIR AR L SR JF B K AR 250 mL 20 <1 b,
A 20 mL 2R ZBEZEHGR, 228 5 min, §#E 32,
T ERA B KM, A B LA AZE R L,
T 40 CKIE T ZERIET, RIFHAFEEAEZE 1 mL,
TERWE 0.22 wm FLARIERE I8, FH R A80RRE (3 1
(HPLC) M 22 o a3 254 - (B 3% A Alltima™ C18(250
mmx4.6 mm ) ; A VRAE R ShAH , B REFIZK AR FR B
ok 80:20; JE SN AHTEEE A 1 mL-min™, S HL AR A
PR 222 nm; FEFER R 10 pL,
1.3.2 FUR Al e 5 1 0

PRI 5.00 g DLFIAE T 50 mL .08, 5
mL 0.01 mol - L™ () CaCl, % A1 10 mL H B (1:
1), #E 12h, 7F 100 Hz.25 “C404F T 8 E kb3 20
min, X J5 L4 4000 remin™ AYEEE Z0 10 min, B B
WA 100 mL HEIEH A ) 208 A ImA 10 mL
AT, MR R SR R L0 A R B, R
PLEEAE—R . 3 R B0 W T E B4R U
250 mL A9 50d <, F 30 mL 2K A3 IR Ve U HE
T s T 200 < A 20 mL & F B AR B 2
B 5 min, #8325 N 25 A HULAE , W T2
RILH, BEEHEE 2 IR, A IR . 20K T 40
CKBFERIET RGAFFEARE 2 mL. EAMW
£ 0.22 pm FLARE ML UE , F HPLC #1703k
AR 1.3.1,
1.3.3 KAAE Y Bl R e 5

FRE 5.00 g FEHPIFET 50 mL B0 H, A S
mL ZJEPRTHHEE 15 min, L 4000 r-min™ 4% 5 2500
5 min, 28 0.22 pm FLARYERAEVE , T HPLC W , (A%
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Table 2 The adsorption—desorption coefficients of atrazine

in the sediments

Ky 1.34+0.16 2.24+0.29 3.27+0.60
Ky 4.79+0.53  16.12+2.34  9.52+1.17
H.. 3.26+0.49 6.13+0.74 2.51+0.23

7F  BdE N Meants.d.

HH BV AR A G, LW SEE 5 R Rz B R 2 ) 05 A i B
M s 0% - S0 2 18 ) W BREAE D o 2% WA fT
(RIRE AN ], PR A, BRI o Bl R B0 & A AR
AE24, B3 2 AT, AE S e B Bl AR AR X
BTRFRIHE R A0 e 2R 20 Ko FEARZERF R E, BIBTAEH
FEUTRRY) LRI DL ECAE o 32 eAh AR S 45
R Ho o> 1, B FRER i — HE A KA, AR XE M 3T
TR AR R o

2.2 STLAKAE Y X T AR M o BT 4 i A B

R T VN T AAE P 6 TR A rh B R A8 25 B
ROR, B I E b H A e W O AR A T DK AR )
Rl , 25 A 2 iR o EAH IR IR TR B 450
FEA% 15 d, I AR AR S AR PR T FR A v B A
ALY EE 7351 430,45 .60 pg kg™ il 38.45.65 pg:
kg™, /N TAERBRIUER MY 50,78 (155 g kg™ Al
40.84 150 pg-kg™o Bl BTRFRLEA) GV BE R3S N
HR PR JE AR BRI AR A Ba] R 1 ok 3 2 S ke
3, VLRI /KAR P e AR B T AR Hh 1 B Ry
Bt UUKAE P A R B AR SE BT R e 1 2B o

BT R e ) 22 B F B SE AR AR R A 1
FRS, R RN ATURE S5 AR BRUTRR B v BT R vk
JE FEARAR BRuTAR A Hh BT R B A, T RS2 R R A
YRR I A A 0o} BT e 1) R A S R B e B SR A
F B AR R BT, FLEE RS BRI A Al
2 R R (kA A 3 /N T RR ) v i T
Xof BT A B A o R T 45 20K AP X AR BRTT
FE BT AR T 9 22 BRAICR , B DK AR % B AR
(PR R BRI T A, 25 SR A 3 FiR .

Tl 3 AN, X AN IR v B2 1) BT R, T
W A AR S , DUAKRE 0 HL A 22 Bk 0
SR P AR TR B B R THE K o TERE SR 45 d 9, BT
B ) R R BE A 0.10.,0.25.0.50 mg-kg™ B, A
FEEAE AR BEXTAR BR TR v BT R hr e i) 22 B 28 43
WK E] 92% .86% .91% FI 84% .82% 90% ., Fifi 5 it ]
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Figure 3 The removal ratio of atrazine in rhizosphere sediments by submerged macrophytes under different initial concentrations of atrazine

IHERS , BTREH A 4G A 0.10 mg-kg™ B, BEFIIT
IK LR URR ) v BT e ) 22 R I 8 T 0.25
mg kg™ BRI () 2B Xt LR IO AR T BT
PrEA R IR, BRI IR IR 0.25
0.50 mg-kg™ B, 33X PAAP LKA 4] BT 4o 3 ) 22 B
RICWHEES YPREP R L E 0.10 mg-kg™ B,
B BT RERL ) LB R R 2 TR 3
2.3 UIKE X _E B K H P FRLE K BRUR A R0
P T IR S — i WP A AE i A TTURR ) v g e
FEprHek 2 sl /D R B K. R 3 RTAL TR
B SR BRIAR I B, UK M I AN REAR G b 25 Bk K
H BT . TR 0.50 mg - kg™ BT i e g
PO T UOKAE P K A TR AL 5B, dnkE SR 60 d
it YR B AV AE TR B X K r BT AT e A A L
3N 1.50% F1 0.44% . Fifi 5 B 5 05 0] R 388 o, PR
UK BITE 0.25 mg-kg™ F504 T X 7K H By 4 4
BRI, AT IA 45% L b s ZEARHR JBE BT o e i
TR X6 7K v BT AR 114 25 ok % UFE 30% L I

A REAE IR B PO B 25 R BT T A R S 4, (A
SEAEAC IS BT BT ARF 7 A0 S fin AR, ve ViR B B R
HEE AL B A K, S ECL R BRI
K R RARZ W — A T ZOK G2 AT o A
XHT S, BURFRE AR LA 1F T A AR 22 L AE Fp A
B2 PF R DR, R AR AL IR 8 B T e e e

& 3 TUKEW AR LBk T B R R AR R A RN
Table 3 Degradation rate of atrazine in the overlying water during

growing of the plants

5[] T [A7 3 Degradation rate/%
Time/d Plants  0.10 mg-kg'  0.25 mg-kg? 0.50 mg-kg™!
15 FAE N e 0 0 0
THE 0 5.34 0
30 Puiviz) §=z 213 51.2 —
T 13.0 46.1 —
60 AR 2 3 324 61.8 0.44
T 35.0 51.3 1.50

T —Fm AR .
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B LB ABTTKAE YR EAE RS &K pH F
o8, SIS P50 T R Xof BT ARE L T R A A K A A A
I, SEQUKMYIGAAE R, b K A BT H ) 22 B
AN [RI B, B R o B A, A A Sy, Ol
AV RS B o BT A K A 0 o R B 8, 3
0.10 mg-kg™ 24 FUUKFEPIXT b7 K o B R hr e f%
iR T 0.25 mg kg™ B AYREAER
2.4 STk AE X BT i Y IR 4 R

12 4 R, TORW Hh BT AR h AR iR R R 0.25
mg-kg™ I, 7EEF 20 d, L RREAE IR B 44 P B4
HEE 30 9 13.4 . 11.2 mg-keg™s 1EREFRIAH] 60 d
I, AT R B SR o Bt o s ) P 384 , A 2 A P o
RERLHEIR B R AIG , 15 BH BT R Rl 2R T R A ZE T 40
d VR R 2 TREAEIUR 75 40~60 d i, BN
JFE PR A BT R R U B 2

+® 4 SHEMELIE RN PR HLR AR EEH (mg-keg™)

Table 4 Accumulation of atrazine in P. crispus and M. spicatum

W RN R REIEAIR B A A TR e

Time/d Atrazine in P. crispus Atrazine in M. spicatum
20 134 11.2
40 2.2 3.8
60 1.6 0.7

1 DIRY P BTAF R AR W E N 0.25 mg-kg™,
3 it

DR B 4 7 THE 1) W% R R 7 2 B0 A 8t 18 > R
>3 ), FLA IS W R BRI R T 1, R B
M BRGHAE , BB — B AKAAR, TUIARME DT
B gl R

AR J52 R YR B TR P BT e 14 25 PR AR
T T REAE IR , 1 v JEE P X PR AR ) X LR BT
PIHLA L BRACRARZE A  DURRY) Hh B e i it
(RS % ZUUHIWIN=E7/ ]S S8 e B et e ]
RN R BR R T B LB 2Bk . Rl X A
UKAEYIRE ELHOBOR R R BRI, —E AT,
VEL R R RE AR 8 A DAY ] Ao e e B2 5 v 0 931 ik )
13.4.11.2 mg-kg™,
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