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WOE T WIS A AARBT R HE (Atrazine , ATZ) V5 % K BR B9 BTHK , 07 36 18 B AU AEY) , 38 I i 35 d A7k 50, bR T
HEARA Y ¥ B il (Iris pseudacorus) TEM B (RIS 5 5 2) ARSI 2 4F T XA TR EE (0.5.1.2.4 mg- L) ATZ 111 i 5% R0
HR, LA S ATZ FEAEIR N ISR A RRAIE . 25 S 3R BH « ATZ W5 A% SR 00 B vl B2 (Vg 4 i ¥ 25 B AIC , ATZ WAV B = W A )
Y02 ATZ T4 A 56 00 Sk 25 S e R 3, 5 o ) T BEE VAR VR R ATZ W0 EG W B2 > T 0> A o RS ATZ T8 1 1) 53 kR AS 900 1 Ak 2
(34%~49% ) 5. 35 7 T I TR A0 31 5 S 06 ATZ A 1) DTk, JCAE A B (28%~41% ) SB35 IK T AT HE M) AL B s ATZ IR MR <4 mg-
LB, XTAE ) 2B 5 S 0 ) BT TG S 2 5 0 (P=0.37 1) , XA 9 25 B i G0 BT k2 ) 38 (P=0.039) o B BT RE AR I ATZ
IEIn BNz MR N ATZ 5 55 ATZ W06V i 52 TEAR DG OC 2R 5 [A] I ATZ AT e IR N R AR R A . TR , B8 B XK 3% R G
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Contribution of Iris pseudacorus to atrazine dissipation in water : Effects of initial atrazine concentrations
WANG Qing—hai', XIA Fan'?, LI Cui', QUE Xiao—e™

(1.Beijing Research and Development Center for Grass and Environment, Beijing Academy of Agriculture and Forestry Sciences, Beijing
100097, China; 2. College of Environmental Science and Engineering, Central South University of Forestry and Technology, Changsha
410004, China; 3.Institute of Desertification Studies, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: Based on a 35 d hydroponic experiment, the phytoremediation potential of emergent plants for atrazine (ATZ) was evaluated by
investigating the contribution of Iris pseudacorus to ATZ dissipation in culture solution at different initial levels (0.5, 1.0, 2.0, and 4.0 mg -
L") and the translocation and distribution of ATZ in plants under sterilized (culture solutions with the addition of ampicillin) and
unsterilized conditions. The results showed that the dissipation rate of ATZ decreased significantly with increasing initial ATZ
concentrations. The initial ATZ concentration, microorganisms, and plants had significant influences on the ATZ dissipation rate; their
order of importance according to the decreasing effect on the ATZ dissipation rate was the initial ATZ concentration, microorganisms, and
plants. The contribution rate of plants to ATZ dissipation in non—sterile conditions (34%~49%) was significantly higher than that in sterile
conditions. The contribution rate of microorganisms in treatments without plants (28%~41% ) was significantly lower than that in treatments
with plants. The initial ATZ concentration had no significant effect on the plant contribution to pollutant removal at concentrations up to 4
mg+L7'(P=0.371), but had a significant effect on the microorganism contribution to pollutant removal (P=0.039). I. pseudacorus can absorh
ATZ and transport it from the roots to the shoots, and the ATZ content in plants is positively correlated with the initial ATZ concentration.
Furthermore, ATZ can be degraded in plants. Thus, I. pseudacorus is a plant species with a great contribution to ATZ removal from water,
and can serve as a promising phytoremediation agent.
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FAT4E 7 3 (Atrazine , ATZ) )32 W H F AR H SR
AR, IF © R K ARG 430 8 e g 1 B 55 22
U R VI T A A T A S RN R AR YT
Ui 4o A U S R K T ATZ B AR SR HH R
1009, H AP T S L PR B 70 i AR A5 KU Ak T
HEAEACHY. ATZ FERR S HAT RS Sh P A A, —
T4 [ 1 1) 9 A TR 3R KR F R K R IR AG I 3 ATZ
s LR e I, ATZ 95 et A 25 BR 5 A M
gt VRS AE ) S R i 7 52 B 02 T FIE ATZ 15 %
IKRRPIE AR A b B

FUR, AEAME SRR BRK R ATZ 15 941 2R
FEB 2z, W5 R, KA MY 4o (Acorus gra-
mineus) F1 3 NFE (Canna hybrida) REAG 5L 22 BR K Y
ATZ, i 14 d ATZ ¥ JE FE AR 329%~519%" B K1
(Panicum vergatum) M- H (Andropogon gerardii) B
WAL % 35 9 P T 40% 11 ATZ, o 48 K58 43 (586% )
AW m 2R, BB B A R0 R R
XFATZ 1Y 2 BRSSP APt AU A I R Y
IEAHSC OGN, A= W i 3 [ A L 2 A R B 2
RCRE AY EE LA, WIFSTUESE , GUAE PRI ) I AR
PRR it/ A A FH LSRR A P B At 25 B ATZ 35 %
1 F 2L, HoTER R T s R E R, T
ATZ B R R BA 2 35 i 5R) S 800, HLAk B 2
5 W) (ol A ) T i A R Y T R IR, BT LA
ATZ, e J3 e 52 e A 400 A A 8 T 52 ) ¥ 488 5234
o BUAWITER ATZ U FE 5B S BRI C R
BB WY RGP FIRE P T 24K
W H AT 7 PR, JCvE HER o3 T8 S A X TS g
Py 2B 7 R L B, (R SEfE BB S A )
HIT G PPN B G

B 5T (Iris pseudacorus) J& 22 4F- A2 FE A HEIK A
Yy, % ATZ AT B e 52 v, B VR e A e
W AR DL RCE T OB SR BEIE T AN T
ATZ W PE 25 1F T MY A8 AR ATZ AR 1A
HIz % o3 AT RHE , O R o MT A AR E M e K G 2
GE XS YW 2 BR TTR, S ATZ 35 Gk ARIA T 4%
S A S (A -

1 #MR5EE
1.1 KIEEY

G T A DR R B B N R SRR R
e K Ay i (4~6 T FEA TS AR, B AR i TH
YELHTAREBIE L, B F 10% Hoagland 5 FE H H5 57 1

JEL3E I K B FREE B R SR S B 4l (ki 1 42.242.5
em, FERREE T :4.7+1.2 ) B A WDRH 740 (E A% 15
em, 15 25 em) PHEATIRIG . B FEA L 1 000 mL
10% Hoagland ¥ 72U, 7 # A 3 BRA 1 . H R IR
£ :0.51 g- L' KNO;.0.82 g- L' Ca( NOs),,0.49 g- L™
MgS0,-7H,0.0.136 gL' KH,PO,.2.86 mg- 1" HiBO;.,
0.08 mg+ L™ CuSO,+5H,0.0.22 mg- L' ZnSO, - 7TH,O .
1.81 mg+ L™ MnCl, - 4H,0.0.09 mg - L™ H:MoO,+ H.0 .
20 mg- L' Fe—EDTA . & 3% 188 27K P il F B
1.2 K EE ik

HERALZAUFE Xevo TQD BRI AH (435 — BRI
(Waters, £ [E ) \RE100-Pro Ji& 5% 7% & A (4t 5% Hii B f
A #R B 5% A BR 2 | L a5 T ] ATZ R 380 g -
LTATZ 207 1) Ol AR EER B A RA R A7) o ATZ
FRUE S (1000 wg - L BBV 80O W F H R |, N
Tl A T ik o3 BT GG, FH BT R 80 R (8 1 i 2, 3
B0 K R4tk (18.2 MQ-em) o
1.3 RIiE T

ATZ ¥ B 755 35 32 mg - L7V 3% 5 T AT AT A9 |
AR AT WLEE RGN e 3 g 2 mg - L7021, 4k b4 3 o 1
0.5.1.2. 4 mg- L 44Nk s o Ak i A #HL 4 ) d
RN ST

(1) ALY ASID B AL B AT, 55 350 3
ATZ.,

(2) TCA 0 1 X B SRR 90, K5 35 b s T
ATZ, IFMA SR HF &R HIAE IR P R
10 mg- L™ (I 51 15 BEAT 8000 ) 240 17 A= i o A A 4
JCH B2, S R AR AN R R R
VNI Ay 1 Ak 2 A A 30 45 o B i o A Tk
AR A R 2 ATZ 3 A TR -

(3) A R A4 B AL B . PR 90, 15 95 0 R s T
ATZ.,

(4) 75 HE Y 10 B Ak B« e 40, 5% 5 R s
ATZ  FFIMA R 8 R R A AR B .

A IR 33 B FRAM ORFER AR 110, BIK
3IANER ), HA A —5 . A AR E T H R
ISR, K AR W AN 2 N IR 21~35 °C 0GR 2
F R o658 19 60%. 3 50 1 18], &5 H ) Al LS
10%Hoagland K7 35 2K MR i 4R, LAKb su 28 K& 4511
IKAT R FERE SR 57 .

1.4 $EFRE

PRI ML T BIRT 7 d B H R KFE , BG4 5 78

14.21.28 dFl135 d RAKHFE . REAKFEN, 7254k
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R 33 TR A A P REMLE RS 3 (B IRER) Kb
FEAME 2 1 000 mL(WIHHIATR) , s 25 fF R &
S B 200 mLo Sk f 34 21 AKRE R 2 % 5 1Y 52
Wi, B K AR 3 R RN A TR SR R SR . il
PRARRRE A 3T 7.14 .21 .28 d F135 d 4R, FHZEME
AR VTV i 43 BRI AR 28 R 43, 43l s
ATZ 5 i o KRR )AL th ATZ 3 B S B Y
T3, 38 2 N R K TR A R TR I, Pl C—-18 [ AH %
UG L, ELARSERAE AL IR Sy - 43 0 BRURE 9 1 b1 348
Gy FIHL NI 1 g, FAPRMLA IS s 45 50 3K 5 i A
PIRESL 15 mL N SR AW (Ve V=3 DRI
30 min, 4 000 g &5.0> 10 min, B F 35 48 B0 , B DT
PRI 2 W, G ISR U F HR IR 40 CleR: 78 &
FBRTE , W ST AR 7K 5 45 7K AT 20,155 mL A7 9
Tk 2 3 U0, AR A HLAR, e 28 K 2T FH 0.5 mL (5
Tl F R 10 mL R 4l KA f e 28 5% B, 1 i TG
1 WE AR ) C-18 AR ZE UM, 80 ;2 mL
o5 H ISR B, T AR VR, 28 0.22 pum BB 3L
iSRS

ATZ 0 5 R FH 8 2OROR (3 — i i (HPLC -
MS/MS) 43 B, WRAH €35 e UV R 2% , R A C18-
UPLC 354 (5 pm, 4.6x250 mm) , {80 A A Jy FH
TSI B A 0.1% 1) B R /K % W, 7 3 0.6 mL - min™',
PERERE N 10 WL, BETR 28 °C, (a3 20 B 1 2514 K : 0~6
min, 95%B; 6~20 min, 10%B; 20~25 min, 10%B; 25~
25.1 min,95%B;25.1~30 min,95%B. i 454t HLE
Z5 HL B (ESL+ ) B I, B F IR BN 350 °CL, I
JEE R 3.5 KV, B R : 350 °Co &M B F X R
m/z=216.2/104.0, % & & X Fy m/z=216.2/174.1 , filf i
HLE 26 VAILL6 V, Rl RETE 4 28 eV #1117 eV
1.5 gitamiitE AN

{61 SPSS 22.0 Ge i 43 A B AR it 47 05 26 50, AN
[F] ATZ e J5 Kb 1 1) 22 S 308 25 A G 560 SR D i A A 25 7
(Duncan’s ) , G FIASHI I 6] HS 28 FHZE - [R] 22 5
I VARG 30 SR A B 5 IR A b i e 0 RS
[ 51 43 B 5 1 DT 45 5 1 DR 22 %60 A 0 R 2 0 2 B
Tk A T B . K Origin 9.2 2 B A4 & 5 2, K
FR LR FRORPRUE RS . ATZ I it 105 FIOR 2 7 1
B — 2l 24 S N Rk T

C=Coe™
K CoHATZIR B W E , mg- L7 Co ol ATZ W 1R Mk
JZ  mg- L5 R EFIR], d s K ORI Ao 48

2 #R5EWR

2.1 EMKBERGEH ATZHIHERE

TR 35 d ATZ(38% & 1% 5 AR08y, T IR Y
TH AR, 0 e G, A AR Y A RS 8 2 5 T o
YIAL B JCIE A TCAE Y AN TR Ak B Y 2 v I
PR (R 1) o BRIE— WA W BE T 3, JOAE 4+ 7R 4k
T i 3 B AT, A AR A+ 0 T A B T A R O
L, A EFR A ATZ 2R 46 e B i3 in
TREATG , W B2 ) 22 5 Wb 2 o S5 3R TP ATZ 5% FR VR FE T
i [) T T R o ATTZ 1142 5 U Bt ) e vk 8 1% 34 m
o, i e R 22 5 B (R 1) o &S AbFRES SR
o ATZ 5% R B ST YOG R BITF & — s 127 I
NTFE(FR2) o AP R E AT L ATZ Y
e Y 2 AR, U JCAE A T X IR 1/3~1/2,
O A W98 & IG5 AH ) 2B 52 7 (Lolium perenne) BH 1.
Pk + b ATZ 5% 58 IR, T 19 d 23 BR 2% iy A Fil
FEL 9 Ab PR Y 40% 42 55 = 61%"Y; K 1% 3% (Pistia stra-
tiotes ) F1 JRUIR 3% ( Eichhornia crassipes VBE N K Hp S I
R 4 R i 2 BRRAE 90% D BT, SXSBIF I 45 IRk
FITAFL ) P 03k I 0] %) 0 i, 40 ot LR PR3 v (0 1 1
1]

T A IR ATZ ) 06 W B 5 DR 3R 52 ) ATZ
HITH AR, it —20 0 T A 4 R R AT ATZ T il 2R 1
FENE, LLATZ IR AR G, DAY A9 (O
FP o3 R85 ) MATZ R BE S A 78 &, AT dRc e RUEE [m]
HA3 AT ENE 7 BRI e RE(RY) L PR
(PAE) AT LA Y, ATZ I i 56 5 X e PR R 1 i R
WA B (R 3) . MY A ATZ )
AR VIR 3 02 ATZ T i % 1) J 25 i IR R (P<0.001),
o ATZ D) 4 v B2 09 52 ) fie K (bR o 1 1 R 45K
-0.700, FEANEHy 0.543) , KUY , e 2t
Yo LRI AP R G rh , ATZ 15 YL G fip b 23
B 23 0 EE M R U E R, B S A 18 5
RORRE SRR . SCierh  HE K HORK R H
i CEHERA 20 B 75 e Ak B 0 ity B A7
2.2 EYKERGEHEE R ATZ E #E8 sT ik

ATZ TERE G 52 3 50 v B I fife o 28 15 45 )

BV E (18 T e T ARG s AR )+ N S0 T A A+
AL TCAFL ) + AN U0 51 RN JCAE 4+ 0 TR 4 1A P ) 22 55
AT R A+ AN B A B T A 3 AN A R TE AR )+
0GR A BRAPS F oAt 3 S b #E (I 1) o it ] — &b 2 i



2616

VRIEIN ity F396F 114

R1 BRIBATZE IS dRRIGEBRER

Table 1 Dissipation rates of atrazine in culture solution at 35" day

ATZ % Dissipation rate of atrazine/% ATZ 71 Half-life of atrazine/d

ﬁiiﬁifafjf A H %) With plant ToAE Y Without plant F ) With plant JoHE Y Without plant
concentration/(mg-L™") ANHTE ELITES) ) Eifle) i) El1Nq) AT E{IN:)
Unsterilized Sterilized Unsterilized Sterilized Unsterilized Sterilized Unsterilized Sterilized
0.5 99.3+0.1aA 91.4+1.2aC 96.5+0.5aB 89.5+0.7aD 4.8+0.1dD 9.0+0.3¢B 7.2+0.3dC 10.8+0.2dA
1 98.7+0.2aA 92.4+0.6aB 89.5+0.6bC 78.2+0.9bD 5.6+0.2¢D 9.4+0.2¢C 10.8+0.2¢B 15.1+0.6cA
2 94.4+0.2bA 77.0+1.1bC 84.6+0.3cB 66.7+1.1cD 8.0+0.2bD 14.9+0.3bB 12.9+0.1hC 21.8+0.5bA
4 89.5+1.4cA 68.6x1.4cC 75.3+2.0dB 58.5+1.6dD 10.9+£0.5aD 21.3+0.6aB 17.9+0.9aC 28.6+0.5aA

T R PRSI E/NG 53R [ — A B R W) IR R I ATZ I 5 22 53 1035 (P<0.05) |, [AAT AN [ RS 5 B 2R [l — BT U W ATZ AN [s) b 341 i)
TH Ak 3 2251 1% (P<0.05)

Note: Different lowercase letters in the same column mean significant differences among atrazine concentrations (P<0.05) , different uppercase letters in
the same line mean significant differences among different treatments with same atrazine concentration (P<0.05).

R2 ATZEARRREAKE P —REBREN N FTHE

Table 2 The first order kinetic equation of atrazine in different treatments

ATZ WI A Tnitial F MM With plant JCHEY Without plant
atrazine concentration/ RN M RN M
(mg-L™) Unsterilized Sterilized Unsterilized Sterilized
0.5 y=0.5e "1 y=0.5¢7" y=0.5¢""" y=0.5¢ %"
(R=0.998 9, P<0.01) (R*=0.986 2,P<0.01) (R=0.987 1,P<0.01) (R=0.979 2,P<0.01)
1 y=e ¥ (R?=0.996 6,P<0.01)  y=e****(R*=0.993 3,P<0.01) y=e ***(R=0.9755,P<0.01) y=e***"(R=0.984 1,P<0.01)
2 y=2e%(R?=0,998 8,P<0.01) y=2e*“(R*=0.976 1,P<0.01) y=2¢***(R*=0.995 7,P<0.01) y=2¢"""*(R=0.999 2,P<0.01)
4 y=4e " (R2=0.986 2, P<0.01) y=4e*™"(R*=0.972 2,P<0.01) y=4e***(R*=0.997 2,P<0.01) y=4¢°"**(R=0.995 1,P<0.01)

R3ATZEBEEEREZNE TS

Table 3 The contribution of related factors to ATZ dissipation based on optimal scaling regression analysis

ATZ{Hf#>% Dissipation rate of atrazine FHPI BTk Contribution of plant AP BTk Contribution of microorganism

e T 2

E’;Tﬂ j (e =1y (1T R—— [l )1 5 BRI g [l =1y At (11 R
R P RH ' R P B ' R P By '

ATZWIIEHE 0902 <0.001 -0.700 <0.001 0.543 0436 0.008  0.150  0.371 0.051 0.669 <0.001 0273  0.039 0.112

LY 0.334  <0.001 0.124 — 0.771  <0.001 0.888
(DGR 0.548 <0.001 0.333 -0.643  <0.001 0.949 — —

T, ATZ I fff 3 25 1 B BB ) e v B 7 s T IS e
T ELAS [RI0) df G R 4D T 7 8 4 50 ) 2 e T 35

ATZ T fff 58 55 (KD S U E W AW K A
AT R R 2R AR FH 0 ik 3 B R, 45 L3RR
ATZ IR TTERE AR A B KA S B KEZ
15380, ARG T AHPIXT ATZ I 8 1) DTERRE AT
WA T R 34%~49% , i 2 15 T & 2548 5 14 5T ik
H(17%~38%) (K2) . A ZM T ALY ATZIH
il () TR 2R I A) B e B ) B S B T IS R 1
1 mg- L b3 I 2 5 T HAb R B2 AL 3, IR 2R 1F T
TP ATZ I ff on Bk R 0 A B B S AME KT
B AL o B 2 0 X5 ATTZ 31 A o3 R 23 10 JC R 9 By
28%~41% , . E LT A YT (419~49% ) s 4 FE P BF

A W Y DT R 32 ATZ Vi B2 52 R /0, T JCAE 90 1 125
R BE A PR Y TR R R TRV A (&1 2) . B
D RUEE [B1H 23 A 25 R W], ATZ ) 1y e 28 X AE ) 1) BT
R A5 M AN S 2, (HL I 25 52 e Gl 2R ) 1) kR 5 A
AR Py X 0060 T3 1 TR A AT (2 50, HLE by
M ATZ WA R (R 3) 0 Qu AE!" VR AR I 2
B ENANRIE ATZ 50, K BE Y RE I BB 5 R 48
() AR EE ) R U 25 4, A B ATTZ O e 200 TR IS R AT AT
(Acetobacter) FIk SUAR B ( Clostridium—sensu—stricto ) £
Koo Sead ok A Y mT I ATZ 78 A K AR 335 T %
&S AEY I 38 RN, ATZ W) AR EE A 1 mg- L
I AR 0 DT RR A R = T A 0 s T A 3 R iR
TWREEALIR, A MUY TTBRAR ) 2 s TR . X 3R]
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0167 A O B+ A With plant+unsterilized

T:q B O HHEPI+IEE With plant+sterilized

E I —F— TCAH P+ AN B Without plant+unsterilized
Fo g 0.12 A TCAEPI+II T Without plant+sterilized
e 8
M T A
£ 0.08F | 4 A
¥ <
&8 a
A=

£ 0.04F c

2

0
0.5 1

FAT 37 HE) 4R ) B Initial atrazine concentration/(mg-L™")
AR/NG T IR R — W) R e BE ATZ ANRAE I T 25 53 8 35 (P<0.05) , AR K E AR [ — A BRI WA YR B ATZ 25 53 8. 35 (P<0.05)

Different lowercase letters mean significant differences among different treatments with same atrazine concentration (P<0.05) , different uppercase letters

mean significant differences among different atrazine concentrations in the same treatment (P<0.05)
Bl ARSGTATZHEBEREY

Figure 1 The dissipation kinetics constant of atrazine in water during the experimental period

%
=
3

O 44+ Plant+sterilized

oo}
(=]

[0 HABR 2 Other facors
* *

D
(=}
T

ks

401

20

[ O Y+ A Plant+unsterilized

r oA W+ 45 Fi5 4 Microorganism+With plant
A Y1+ TCAE ) Microorganism+Without plant

sk

75 BRI FN BT RE L I 7 1 DR
Contribution to atrazine dissipation

PSRRI 4R 16 ¥ Initial atrazine concentration/(mg-L™")

AING T B2 [ — A BEXEA R A R I ATZ T 7 1) koA 2 53 L 25 (P<0.05 ) 5 173 G2 7m 4 T A B 45 0F T AR () SRR 7E 0.05 Al
0.01 K- |2 53 .25, sl aRos AR IG5 1F T U (0 STRRAETE 0.05 F10.01 K- 285 B35
* R A — B I R L P AL ) ST R SRR 22 5 B 2 (P<0.05)

Different lowercase letters mean significant differences among different atrazine concentrations in the same treatment (P<0.05) ; * and ** represent

significant difference between treatments of with and without ampicillin (or with and without plants) at the levels of 0.05 and 0.01, respectively;

* represents significant difference between the microorganism and plant(P<0.05)
2 EMEERFE PR EEI ATZ BB K E

Figure 2 The relative contribution of various factors to atrazine dissipation in water

MAMEM YR LB kG B EEMER.
AWFFER IR 55 2 O B, A Reis 2
S A A1 PR A R A BRARRICR A W ) R i o kA
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