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Research on the Physiological Responses of Six Plants Pennisetum Alopecuroides Etc to BDE-209 in Soil and
Their Phytoremediation Effect
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(Department of Environmental Engineering, Key Laboratory of Water/Soil Toxic Pollutants Control and Bioremediation of Guangdong Higher
Education Institutes, Jinan University, Guangzhou 510632, China)

Abstract: The physiological responses of plants Pennisetum alopecuroides, Solanum nigrum, Ipomoea aquatica Forsk, Sonchus brachyotus D
C, Brassica juncea and Houttuynia cordata Thunb to contaminant BDE-209 in soil were investigated, and the phytoremediation effects of
these plants on BDE—209 contamination were explored. The results indicated that, the contents of MDA in tested plants increased under the
condition of BDE-209 pollution, revealing that the plants suffered from toxic effect to a certain extent. Meanwhile the increased soluble pro—
tein content and decreased SOD activity were also detected, due to the mechanism of adversity resistance in plants, In respect of biomass of
tested plants, BDE-209 promoted the growth of shoots of Pennisetum alopecuroides, Solanum nigrum and Ipomoea aquatica Forsk, but inhib—
ited that of Sonchus brachyotus D C and Brassica juncea to a certain degree. The contents of BDE-209 in all six plants were detected with
significant difference existed in shoots and roots. Among these a content of as high as 16.93 mg-kg™ BDE—209 has been found in the root dry
weight of Pennisetum alopecuroides. The concentration of BDE-209 in soil has decreased to some extent after 60 days remediation and the
maximum removal efficiency of BDE—209 reached 40.44%. BDE—209 removal rate of rhizosphere soil differed significantly from that of non—
rthizosphere. The sequence of the plants with remediation effect from high to low in turn was Pennisetum alopecuroides, Solanum nigrum and
Ipomoea aquatica Forsk, Houttuynia cordata Thunb, Brassica juncea, Sonchus brachyotus D C.
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ZIREEZEBE ( Polybrominated Diphenyl Ethers, PB-
DEs )& — RN, Tz A F AR b
TGRSR, @k =/ PBDEs & Z A1 AiREK
28Tk |\ VSRR A R b F AR IOR A
NIRRT B BB , FTRESE A, AR
TRk (BDE-209 ) 9 ok iR ) vz s fdi A, 5 PB-
DEs @A =& 1) 80%LL P, FEE 5T IR , PBDEs
WA BRR M AR B IR AR IR, DA S AT 43R
T P B AR e P E R ET AT T AR, B
i, PBDEs 753 £ 2 X6 A 253085 A A AAf A A, 1 T
R,

132 PBDEs () — 1 EZANT T, 7ERKMAY
+3EiF# # , PBDEs Sk E R 65~12 000 ng kg TH
358, R =S X K4S B b R R b X £ 3
H1 PBDEs fVR B ERR S, A #GE B3 i T Bk
Vi@t PBDEs SV BF B3k 2720~4250 ng-g” TE +
8 Hh BDE-209 |5 35%~82%", T PBDEs [k
Rt , HAE T AME R, EE W ER RN
EHETIRE, P A 4 1) S 3R 8, iR
R, ALY TE Y L IEATA EOR R 7 B B AR, HAE
B MMER B E A2 PR SRS Tr
K mAEYBED, K| HEYIEE 255 1B
REBADHBE AL BMARE , HYBREFEREAR
AR B, EBUE AR AT 5 BE 158, A E K
MEEREEY R — T EERED, B Ta0E
M, A SCERIRIE™, B3R AR f# b X PBDEs 7544 + 3
ZmN., BEREBE)S, 1% PBDEs & T [%
13.3%~21.7%, Mueller Z£3RE™, F 4 EEM T R
B IRERIR B, WP R B R R B i LR R R
(BDE-47.99.100) 3777 AR TR A dth_-E#RA L,
{EX+ BDE-209 (#F #1652 f U438 ,BDE-209 275
SHEFEYIR, BB Y A R R EER SN
ANEAH

ARICRAAFR LR T 5 ) BDE-209 514
YWHMEAER, 3% ZHEYEARR BDE-209 ¥
T B A BN, A AR AR DA B TS Y R R
BRECR , BB BDE-209 185 3R BT FIAE Y , LA
137 BDE-209 RO PIE A R HESCI05Em

1 #BREFZ

1.1 {LFE&
SZI6 B F B9 BDE-209 (Aldrich,99% )y B Sig—
ma—Aldrich AF] . AHLEH, BHEIEC K . & HF 5.

RS h aal , HAthiRF] , 4B mBR R AERR B AN
BERR S Ao, SRR KR AIREEK, B
Mrefd A A ToK B ER G RERS VR b SR —E LR
Fehhz, Sk 150 CHERE 12 h G RAFTIEC kel
H s,
L2 tRMERMLFES
1.2.1 -3EMEfR

SEI - HORIE TR RO R AR FH KRS L 4
AEMERTANT :pH(H,0)=5.91, AL & & 11.64 g-kg™',
FHES 722 #e & 20.95 cmol -kg?, &= N & & 0.73 g-kg?,
AR P& & 1045 mg kg, A K & & 94.11 mg-kg?,
BDE-209 KA H .
12.2 +HER

TEERTE, B, i 2 mm FRAET BT w1
HEANA 100 mg P(KH,PO,) 300 mg N(NH,NO,)FI 200
mg K(KSO)EAJRAL . 4§ BDE-209 ¥ T H 2K,
KHRBWSHE (V/V1:9) BYFEEEMA TIE
W OB REE K 12 h VR KB+ 5 HoA
T EEFRHRE, S 2 h B 1K, ff -5+ BDE-209
WEREYS) . 1RG0 E e RR g A0 38 U
H, 8k 14 d R AR T . &5 S SR H K-
P ERTR & ¥ (A i BDE-209 ) b 23 i) + 3 4% % 12 h
5, SHM ARG AE B4, 3% BDE-
209 W 3 MbFEKF, S HA (CK) 10 mg-kg™
(T1)#1 50 mg-kg™(T2), &4k )5 1L % BDE-209
& T1 4(8.91£0.32 )mg kg™, T2 #7(46.50+0.84 )mg -
K™, CK ZHRA60 i BDE-209,
1.3 &KW

SCRAEIRZE TP T, SCIRAE YA IR BB B (Pennise—
tum alopecuroides(L.)Spreng ) . Jt 3% (Solanum nigrum )
25 >3 (Ipomoea aquatica Forsk). IF 3 (Brassica
juncea), E 3 (Sonchus brachyotus D C.), fJJEE
(Houttuynia cordata Thunb ), FhFWLFTI~ REFT
i, Horp AR R ARRY KIS . fhF a8k
H: SRR TRIEAE B BN 10%/) H0, HiHE
15 min, F-FHZEE/K vt , B HLAE 3 mmol - L7 Ca(NO;),
H 6 h, KRB ERERMATERALE AR,

BAFEM A 600 g ZALE R 13, B EY &
LI 3 &L, DAFEAE AR A 2 BXT IR, DL
BT ERFM T ISR BREE A FFE
IV AR Y BAR Y, A R A 03K 3
PR, MY B340 5 bR Y S H LM 14 h, BK
RBEBA 25 C20 C, = MWBELE 10%H, F2d
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FEALFEAS— T 257 1], 2 BAGE /KA T 38 S K &R
TE 60%~70% .,
14 HRES

TEYIFIAE 60 d J5, WA RS T YA
GRS, BETTEHER RS E(E SRR
Bk WS E(RAE LZRE) HO, BiEHE
(RS BRI 2 2 ) A S Ak 2 ALl (SOD ) i 1 (R
5 D ) S04,

R FBHE B R A AR PR - AR PR 1
SeR YN B PG BRI E T BN RIERFR
+RSFERR R OARER L, FERIBEME T , BT
8 48 h J5HFEET 0.25 mm FRUES , SRAFFE-20 CT#:
BT,

GIER Yk Ol i 5 e O O it 1 T G = )
R R FHZER K vp gt , P FHUR AR T FEE K . ARZR A
i EFAFE-50 CRVRT 1 48 h, FREH T 5, B
it 0.25 mm HRAER , fRAFT-20 CTIRAUER
L5 Hmath

TR S AR RS IEC SR ER (VY
L1)ZRKHIR 36 h, Z et ErdE, AP IR, K
PAE 6 cm HEEALER 2 om HMERERL 5 om BRTERE
JE .2 em HPERERL (8 om TR AERC AN 1 om TLIKARER
. ZEMELE, EERRIGETRESR,GC-
MS(Shimadzu , GC-MSQP2010 )&,

eI Z A4« 354 ) DB-5MS A FL 41 EHE(15
mx0.25 mmx0.25 um), HBIIAR. FiEsH:NCI
U8, B FIRIEEE 250 °C, KMl E 1.1 kV, 24
m/z 5. 2 50~1000, 2 DR EE 280 °C, {UA% K I
B, @i SMREEXT BDE-209 #17%E & 45317
SrMr A& HEAE IR 290 °C, W) 1A 1R 110 CfE
2 min, L) 40 °C+min F+F 250 °C, 4 10 °C*min* F}
Z 300 C, %% 2 min, L) 40 °C *min' FFE325 C, 1%
+# 8 minl™,

SEIG B 3 803E A Microsoft Excel #1 SPSS 17.0 3
7851439, FIFH Duncan FEMRZNIHTER T
EM5HT(P<0.05),

2 H#R5itie

2.1 BDE-209 X$4&4 £ 12 iE R =M

B (MDA ) 2 AEWFE 5 T 40 i A AL iy 7=
Y, &5 EERR EREFEMRS TSRS, B
BAEMpENE, BSRASRIEYZ EBRERN,
WE 1R, 52534 CK M, BEE TS ek E

F+,6 FEYIARN MDA & B 2T FBE, X FKH
13+ BDE-209 XHHEYH S M A — 2 NHE
EH S

TEAN [R5 G vk BE R SE I P 6 FhAE Y AT v
EARSEMZBERME 2 fi/n. 54N BDE-
209 FYXTREAL CK AHEL, 250038 B SR RIT SRR N mT v
HEARSERIEERES, WA TS YR E N
HYARN RIS RO R & &G, Hhz03AE T2
REFETF . CK 4HFH S 60.21% ., X b bt 5 15 Y ik B
M E A EA RS BB S NAR SEY P
MLFEA U, HMPFEZ RN R ENBRERET,
RIS E S M N E A R B3 I, DA% 4
PS5 F 3 AR s AR AR N T PR 1 B BB
E—ERE LAl a2 E EEA, A
M P gRsAE K, AEEH THRR KR, EY
AR EEEA RS B K,

WYEARW LS B PR T PL R B R
i, AR 1L R T TS S AL A R
Y EY R B M EHEEE . AR
AEBRIE A, BN RE R T EY R,

141
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Figure 1 MDA content in different plants
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Figure 2 Soluble protein content in different plants
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MRS —E MR, AR A RIS
FEY, 5FAY CK XTI, TR ERTH R,
HYIAN 10, B B —EREN BT (8 3),
H,0, B & EJF, Rk A 2 3 AR R NGR , X 5
B 1 FPAE YA MDA & BRI KIE, £F- & Y
SR PRI . T 4 BR , ARFEYI#) SOD i
EHAAR, BRIk B I, ek R
EEAITRIRA SOD BHEM 5= 04 CK MR T
RS, 28 O3 R RE7E T1 AL BRI SOD @@{Eﬁ
H 15 , 3K P BB Fh TR 15 Gy O Tt S2 vk AR —
BI{E, 1 R (B SOD Mg 1 U 52 T e 3507,

301
OcCK a

25+ ET1 b ald @
B 12
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3 REEWER L0, BE

Figure 3 H,0, enzyme activity in different plants

H,0, B H/mg » g™ min™

W

m

10 ] CK

E Tl
F A a b
a

o
o

Lrop b
by,

SOD FEEH:/U-g" FW
o (=) o
[\S) + N
o
o
o
[e]
(]
(¢}
o
o
—

Ok mEE mo¥ BEE R @R
B 4 REAESHER SOD MiEt

Figure 4 SOD enzyme activity in different plants

2.2 BDE-209 &£ EHI R

B 5 BaRT 6 FiaY7EARR BDE-209 ¥k B 20
THL A ETEASMER, T1 A T2 5 CK Xf
L, AR RIE Y 2 B R R A 2R fh R, 3 U B AR [RIAE
Y% BDE-209 75 YL (i 52 A —FF . B ZEFE T1 154
T M ERAEETEWHE EF, X H CK 43
hn 83.17%, T T2 b FEET W) H B8 2 T B, Ui B MR
JE BDE-209 X} Jp. 284 K BAEHEAERA, sk EXS
HAERSEMGER; SRBEMZLEmNS,

% BDE-209 WkE Ay, Hih FRAEYETERE
BT, T2 ABKET, s B FES SN CK A/
215.95%#01 142.13%, X F B BDE-209 X8 FE B F1%5
Abiﬁdéﬁﬁﬁ RHAEA; ESEMITSRAE BDE-209
YR o EE A YR B T R, T2 AR UK
T b BT EAUH CK 4K 44.66%7F1 12.79% ,BDE-
209 1YL T 2B B, oA JTSEAE T1 #0 T2 4b
HAHT BV EFETE IR 0.15 g F1
0.11 g; M JEE7E BDE-209 J5 YL 4514 F , #b 34
YWETEZMMARE, ULHAERXT BDE-209 j54L
i 52 PR AR
TE/N[F] BDE-209 YREERZM T 6 FHMI R A=Y
ETEANTERME 6 fin, £ T1 T2 {544
T ERFIT MR AEYES CKAXT I, B
BB TR, 48T R 47.62% .52.38%F1 66.67% .
72.22% , 5 b IA YRR B AR R B R, 20
VLB ESEMITSEXT BDE-209 J5 4L 528 2%, 23
B RMEFEN, M2 REE & O E R
EG YRS AR AY E BB B, T2 40
K S Xt b CK 40 AR 3 A= ¥ & T & 43 51 3
124.13%,116.28% .71.43%F172.22%, HAREEM

a OCK
a EATI1
BT12

| Y

23 ZE%E IL% BEX PR AEs
B S5 AREEws EBEmE

Figure 5 Shoots biomass in different plants
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Figure 6 Roots biomass in different plants
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HIERE AR A Y B T EEREF 0.93 g, UiH] BDE-
209 XFiX 4 FHAEY) AR TR B HIVE A ;s B F AR
HERARSHESZEREE, HRBTEMNEE L
F+, 58 5 Pt T ESUAREIFATE

ZRETEYHh AR FIAR A Yy R AL ARHEHI T, R
FEEFIZS 03Xt BDE-209 V5 4L 3% B H 5558 F) it 527
P, FEBEE VR B3 R R A HEVE 5 7RI
JEB} BDE-209 XJ e 28 R I AR HEAE R, T S vk B
MR — & BMEIER; BESEFITSEXT BDE-209
VoYL R, M B B EEA.

2.3 ##{& K BDE-209 & &

BDE-209 ZEFEMIAN IR B, FEESHEYR
RN IEPRERAEY A AES PR, £ 60d
BRI 5, YA N BDE-209 & &N 1 fins, 78
TBYEAET 6 Fiia YA PN ¥k 5 BDE-209, X%
B A 1A AS RE 7 e BDE-209, /N [EIAE 4 BAR 3 Fn
W EIZ MR EZER, MAE CK XA H T
TR H BDE-209 & & ; Hb - IER AR,
HAAE YA BDE-209, £ £ £}, 3% BDE-
209 F RN 0.016 mg kg TH, XREREYIER
BN RER Y BDE-209, FiFEATAT LA
H % & BDE-209 M\ +1E 4R Rk AMIIEN . 7E
DDT.PCBs 55754 + B E Y18 52 vt it B 2610
E/\Jj;ﬁiﬁ[ls—m]o

MR WY BDE-209 ZEAE Y14 N HE4 T PR 43 Bie
R, 1 B SRR 2Rt Fri%is . BDE-209 & &7
REBFIH F I EREES, DOEZERE, 78 T1 A
T2 RbFEIK AT, AR At b5 BDE-209 & & () t{E
G35R 2.77:1 F1 2.02:1, HAWAEY) LA AL 5315 AL
A, #33 BDE-209 & & B KT Hb 3 A RS A&
N BDE-209 & & AR, FERHRTFHEYMRR PR
Bt BDE-209 HJRE 7, LA J BDE-209 MAE MR #4415
MIBETT o T 7E = MR B T2 AL FEEY 6 FPAEYIIR &
BDE-209 & B7E 6.47~16.93 mg-kg™ Z ], T H#h_F 3B
BDE-209 & (U} 1.48~7.64 mg-kg™, oAb ESE I
S Hb T # BDE-209 7 & 437l & s Hh_E R AY 4.93 £%

1 3.76 %, 3% 5 BDE-209 ZEFE YR R ok IE B #%i8
AR, BXEYER—ENFEEEH. 5 2.1.22 HE
SEFNTT S AE o v A B AR B TR M A Y B AR AR R
2.4 tiErh BDE-209 3% BB &

HYMEE 60d f5, AR E + B RERF
JEHRPR BDE-209 (458 B8 vk FE Fl R BRI 2 PR o
R Y2 [ 4,60 d J§ -3 $ BDE-209 & &
WA TR, T1 AR ERRR R 5.63%,T2 K 1.64%, X
TR FPHEAEY B, BDE-209 7£ IR E —E 1
B SRR, X R REARAE S R 3+ E R WE s
XK. HYMEE 60d J5, -8 BDE-209 S ERBE T
R, X Hb2s B, BRESRST , HoAt LR 350 3
BDE-209 LR B EIRE, Fm il ik 34.81%, xR
FEHI%T BDE-209 422 5% EA BB AR E R , B
MY Z B ERBORAFE B E 2 . XTH 6 FEE
BRR R R RS 03N 13 BDE-209 &
BORET, MRPR ARSI R 40.44% .37.73% F1
38.07%, T1AbFEAMT ,6 Fiia MR bR 22 BR R ER7E
20%UA b, 5 AAER B E MARR - 2 5RR, %=
DR EAT , BBRIFEAT 5 22.40% , Fok O fa JR
28 ESRARRPR R BR K 8.15%, 5 HAERA
B T2 MHEEMT REBEERIP TSR SORET R
FrEBRRS> Ik 30.20%F1 24.96%, JEHRERERRTM
A 20%Vh b, T ESR A R RRER BN, ERPR R
2.00%, 5= AHRE BEER, X5 E3 21 fidE
3¢5 %| BDE-209 & EHHAT

R PR 3 2 Z H YR 2 5 A AR — £ 5 TR
5, MR R-HE-MAEYHEERNS, 5
AR B -3 X AAE FAR R SRS AR I o B T
A=Y R Obfg 45 k%% )b, iR Fr -3 BDE-
209 #KBR EEAREA YR MR BRI Y RS
w2, MAERFR - H BDE-209 )25 R B
WRIRERRE R . 32 2 PEUR BN PR FR - 59ER
PRt BDE-209 LprZEZAFEREZER, Birt5
JEMRPR 1 BDE-209 £ BR2AH 2 e Al 3k 27.20% , 1R

® 1 #EYEAARR L BDE-209 & & (mg-kg' DW)
Table 1 Content of BDE-209 in plant roots and shoots(mg*kg™ Dry Weight)

AL A 3 RER 203 s [EE3 IR
T1 R 7.69+0.52 5.58+0.24 4.75:0.31 7.42:0.42 1.460.13 2.19+0.20
o B3 2.78+0.35 3.30+0.19 1.830.12 1.26+0.23 0.56:0.08 0.79+0.11
T2 R 15.46+1.14 16.93+0.83 13.26:0.81 13.44+1.03 7.30£0.29 6.47:0.51

b 5B 7.64+0.41 7.04+0.62

6.28+0.48 4.94+0.34 1.48+0.06 1.72+0.10
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%2 11t BDE-209 B EEMER R

Table 2 Residual content and removal efficiency of BDE-209 in soils after plant cultivation

bt 1Y PIAEYRBE /g kg Whr+ R E R /mg-kg”  AERPREREE/mg kg?  WIRERF%  IERRERE%
T1 %3 9.20+0.21 5.73+0.13 7.55+0.25 37.73a" 17.87b°
HEH 8.96+0.16 5.34+0.46 7.78+0.11 40.44a" 13.24¢*
i3 8.96+0.16 5.55£0.10 6.95+0.44 38.07a" 22.40a
fa R 8.59+0.12 6.83+0.17 7.22+0.31 20.49¢" 15.95bc”
E¥ 8.59+0.12 6.38+0.16 7.89+0.13 25.73b" 8.15d
P 9.20+0.21 6.84+0.11 8.01+0.39 25.63b" 12.96¢"
=H 9.20+0.21 8.68+0.14 5.63
T2 % 45.67+2.14 34.27+3.62 36.21+2.36 24.96ab" 20.71a°
BEE 46.58+3.71 32.52+3.52 36.24+3.56 30.20a" 22.20a
Eine 46.58+3.71 36.74+1.97 43.20+4.17 21.12b° 7.26¢"
R 47.27+4.82 41.44+3.46 42.41£3.15 12.33¢" 10.29b°
E¥ 47.27+4.82 44.79+£5.34 46.63+3.10 5.25d" 2.00d
Ik 45.67+2.14 39.63+4.65 41.09+4.66 13.23¢" 10.01b°
=H 45.67£2.14 44.92+1.03 1.64

T 125 A R YRS AL BE; 2. [F)— 31 [A] —Ab B 22 B3 f5 B R PR R Bl 2 IR 22 57 B 3% (P<0.05) 53, * R 528 I X IR e fr e

ZRBE(P<0.05),

Rt BDE-209 £BR2R 5 R Al ik 40.44% , JERBR %
BRI IL 22.40%, HRFR T3 EA B R KB
AEYTEE SRS AR, X TR e G
YRR R EEAEA, BRI Y B A L
FAVIS R RIRE ™, StHs A4, B EEIE
HRF7x+ BDE-209 5% FH B th A B &K, XFERM
YR 215 3l BAR BRI AR T 1A W A A A
T4 T IEMRER + BDE-209 (£ 3, 76 T1 AbFEIK
FT R EBRERE 20% 0 |, IERER L EBRER
TE 8.15%~22.40%Z [ , i BATEARVE EE BDE-209 B4R
PRGNSR, MR R X BDE-209 R ffiL B
BAEF L 7E T2 A FK -6, i T BDE-209 YRS K,
ANEIAE Y R Z A R 2 5 B3 IREF AR
1B E R , R - FEEARPR + 22 BRI TE 20% LA
b ESRMITRE TARZ AWM, ZRELHE
PR PRI Z A R R 25, AR ETE T1 fl
T2 AbFEEHR PR + 5IER R £ RBRRERIHFAEE,
XA RS AR MARRA X, ERWIRE T2 A
B, MR BB MR AL, XK
RIRTE YLk B SRR bR £ FER bR £ B3 2>
] ) 25 et — e R B R

XPH 6 FEY B R BOR  IRE R R E RS
L3EXT 138 BDE-209 L BRBUREAT, WRPrEBRE
A3 BIAT ik 40.44% .37.73%F1 38.07% ., HAE T1 F1 T2
b B 45 {4 BDE-209 % B 2R 355 F HAh 3 FAEY .

N TH—BHERERE  BEMELRNBRY
R, A Z HAR YR PRIER 5 ROV I RICR 24T IR
/\E}%O

3 #ig

(1Y% BDE-209 {5 4RI AR 1 SO, IR
BE 2SO0 2 R s G, AR R %
S HIVER ;M ,BDE-209 7E—E R E FRH# T
T AR o T ESEFIIT SRAE VR B 451 T 32 2B
il , b AR T A ETEYEE TR,

(2)BDE-209 5 Y5644 , i 2 3| — E R B
W, MYRANTTEEE S RN RS &I,
H,0, BEE IR , T SOD S M) H U F pa 3, X
VLAWK NPT R G = A RCER , B AR 3L
R,

(3)HtiaHE P A P 24600 1] BDE-209, Hor, T2
REFR 4T IR B AR 3% BDE-209 & B & ik 16.93
mg kg™, T1 PR T B3 35 BDE-209 & & &%
RHA0.56 mg kg™, HEPRTP-SHb_EFHB BDE-209 & &
TESE 2R MRS BDE-209 & B B2 FHb 3 .

()fER 60d J5, 13+ BDE-209 S EEET
K, B imiik 40.44% , 1B E 3R IKIRBIR B RSB 2E 255
DR>EERESITESESE; R HESIERELE
BDE-209 KRFEHFAEREZS, Rirt 5 LEREH
B TIERPR 2,
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