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1 E. MW A (phytoremediation ) 2 kA kAR b 69 T A BT 4 PG —FHEIF T R, RAESFRRK
BEARO TR, AT EE B AN, oS E EER RO HZ AR, Ak, KRFARASHER
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ERAFFAKTEME (3. 4. 5864 A) 4% F (Wedelia trilobata) =t 4 #9447 (145 £54 2. POD
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Wedelia trilobata’s response to heavy metals and heavy metal absorption
and enrichment in its body with sludge as a part of growth substrate

LIN Mao-zi® %, LIN Neng-wen®, QIU Xue-fen*?, ZHANG Mei-yan*
(1. Department of Biology and Chemical Engineering, Fujian Normal University, Fuging 350300;
2. Institute of Environmental Protection, Fuging Branch of Fujian Normal University, Fuging 350300;
3. Fuging Environmental Protection Bureau of Fujian Province, Fuging 350300)

Abstract: Phytoremediation is a good method for solving more and more prominent heavy metal problems.
However, plant’s response to heavy metals and heavy metals accumulation in the plant’s body are the basic scien-
tific issues in this field. In order to reveal the response of Wedelia trilobata to heavy metals and its accumulation
effect in sludge, a soil experiment was designed and carried out. The physiological indexes in the leaves of W. tri-
lobata, including chlorophyll content, peroxidase (POD) activity, and superoxide dismutase (SOD) activity after
planting in different ratios of sludge (containing heavy metals) to sandy soil for three, four, five and six months,
were detected respectively. The metals content (Cd, Cr, Mn, Ni, Pb, Cu, Zn) in the leaves, roots, and stems of
W. trilobata after planting in different ratios of the above growth substrate for six months, were also detected re-
spectively. The results showed that the chlorophyll content in the leaves of W. trilobata significantly (P<0.05) as-
cended with the increase of sludge proportion; the POD activity and SOD activity significantly (P<0.05) changed
with the increase of sludge proportion, and both significantly (P<0.05) decreased after growth in the growth sub-
strate; it also showed that the content of Ni, Cu and Cr in the leaves of W. trilobata were higher when grown in
substrate with higher proportional sludge added (20% and 40% sludge). Our experiment suggest that the sludge is
helpful to increase chlorophyll content in the leaves of W. trilobata, which has strong tolerance to sludge heavy
metals ,and it is a hyperaccumulator of Ni, Cu and Cr.
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A g8 A A S T K AR A S b
T, @R, SAKERA 12.8% CEEE).
A% 135 pH 6.4, M 2.24 gkg?, A 24.2
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Table 1 Experimental design

Pty e 5 LR AR L 1

b
A The ratio of sludge
Treatment .
to sandy soil in volume

0%y5%e 0% sludge 0:10
10%757¢ 10% sludge 1:9
20%y5 3 20% sludge 2:8
40%75e 40% sludge 4:6

PR RS RN ESESENE 2. HIES
H (BEARAT) WEHWSEHEN 60 cm X 40
cm X 30 cm S RHERF T, Vs A KB .
REA YRR T 1 AR K IR RS 25 kgo AR KR TR
AYJe s AEFASHLRH DU A RN F 2648 AL BURE
HARATA L AKFE . 23 SISy Je e L i) 56 i /b
TRAF T EIRAAT T, DAESE SN EHH.

AR FERE T 908 K 25 0 4 A BB 5% 12 P 911
R A 18705 , F EX AR s A 2 AN 22K
FHEAN FIRAL BT, FFARREE R — A 20
PENAEREE T, 55— A 2200 U U 5 R AR KR i
FEAEPATHTHE 5X6 o

FFEFME T 2010 45 H 9 HilkT. s, &
WEPREER . IEE R KICE A I, SRR A LA )
FEL . 3A G FRUR T A I By AT SR 25 25
ALY ARG (SOD) RIS Al (POD)
TP AR PR RRINE . AEBIFEFREEA HIIE 1 WK,
HEAENGE 4 Yk (2010 4E 8 H% 11 A& H 10 HE
FENSE ) o AEBRFRFRIE I, MO (R AL BE AL
B, BEANBURERUH 2 3 g. BEAMEARINE EH 3 K.
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Table 2 Contents of heavy metals in the tested soil and sludge mg-kg?
H4JE Heavy metal Cd Mn Ni Cu Cr Pb Zn
fE 113 Soil for test 6.07 598.72 115.16 117.27 298.32 222.62 195.68
759k Sludge 15.11 1717.38 159.51 3902.78 387.71 285.08 411.06

1.2 SEHEG A IBIERRAOIN E TR
225 A el 5 SR 80% N AR B, Fi

722 WA FICIETE LR RS A TR A 7] A2
P2 43R 5E 663 nm Al 645 nm AL [T GAE ODges



288 7oAk

W K 4R

2012 4F

F1 ODgss0

C
It g} # {j\a . -1= a
T Y

L S~ EL .= Ca

A D MO0 00w
Hrfr: C,=12.7 X ODggz—2.690Dgss: Cp=22.9 X ODgas
—4.680D¢e3, W AUERIFRILCFEAIIT i (@)

ALY LB (SOD) Wi P s K F & DY
m (NBT) v, i udls (POD) %L1 52
K A AR,
1.3 HHFHWEE BRI HER
131 #&E4ek4sENE T 2010 4 11 H 10
H, BUST S g i . 25, & A&
FRKL 029, WATESESTENE.

PESH AR FREBUE BAFIRE S T HE T, A
5 mL [FIIRAN R AR IR AR N, 28R B4R
2mL %W, FIN 3 mL $hER, 5 mL fSER, HRiEIN
W A E A b, AEE A 2 mL &SR,
2 mL SRR Ak IR L S P B P iR
WEORFPIRY U 1. BCE A E R, A 2
mL 10% A PRI A R f5 BN 50 mL 4 s
FZEWAES, BRI R

ARG AL R Analyst 300 J5L I i 4356
it (PE RGETHUEAMRA A, SRmEdm, S£E)
E o S PV EL G SR S W R, Cu: K 324.7
nm, HLJ 10 mA, FRETEE 0.2 nm, LHiE 3
L-min?, 4505 10 L-min™; Pb: J%K 217 nm,
HLU 15 mA, B48951 0.7 nm, ZKfE 2 Lmin?,
S 10 Lmin™; Cd: %K 228.8 nm, i 15
mA, BEE5ERE 0.7 nm, B 3 Lmin?, A0
F 10 L-min?; Cr: %K 357.9nm, Hiji 15 mA, 3%
5 0.7 nm, ZHumiE 3.6 L-mint, 2SR 10
L-min™; Ni: 3K 232 nm, H7 125 mA, $egs5
fE 0.2 nm, ZFiE 2.2 Lmint, SS%E 10
L-min®; Mn: 3K 279.5 nm, i 7.5 mA, sk
B 0.2 nm, KA 3 Lmint, A% E 10
L-min?; Zn: 3K 213.8nm, L 15 mA, Begkss
B 0.7 nm, 4 2 Lmint, 2857 & 10 L-min™,
TN S AR R 4 B Fa bl 2 A 3 WK
1.3.2 #BAE  FAbEER A SPSS 11.5 ik
P, SEREAT R (0 7 ZE SR IR MEAS 6, TR BISF UPE
(P>0.05), ] Duncan Z #ELb#;, 5% H Dunnett
T3 AP ELER . YEEIRH origin 8.0 # Ao
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LT

BCF:Cij/Cik
BCF (bioconcentration factor) £/~ B4 & & 4 R4
Cij 2/ a | IS BAEAaY) | 3O PR Cu ik
AR PVESRAEEE K BRI IR ik
Cd, Mn, Ni, Cu, Cr, Pb @k Zn; j WHRHE, 2530
A kb 0%57e, 10%357, 20%75 Yé Bk 40%
15
2 HRERH
21 SRMEAHEMH A EZRSENEND

ANTA] I AN ) ¥ Y e Ll AR B R gt - 32
HIE g5 R 1.

H L v W, BR T 8 4l e ¥ 40%y5 e iR
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M POD & 1 v W, , 5 1 v e (1 36 o AR
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[ (1) 85 b 3 2 ) 22 e 3 3 s (23 (P<0.05) 7K
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Figure 1 Chlorophyll contents in the leaves of W. trilobata in different periods under different treatments (n=3)
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5 R Byl 5 40%¥9 40% siudge
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Figure 2 POD and SOD activities in the leaves of W. trilobata in different periods under different treatments (n=3)
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Table 3 Contents of heavy metals in different tissues of W. trilobatas and growth matrix under different treatments ~ mg-kg™
Cd Mn Ni Cu Cr Pb Zn
0%k I Leaf 2.02"8 82.87" 92.00°¢ 57.42" 297.50°¢  157.60"® 77.00°
0% sludge = Stem 0 82.63" 28.44%4 9.50 74.44°4 3.624 23.80"
fit Root 0 25.64% 51.53°8 12.54* 138.58"8 0 14.56"
HEJi Matrix 607 508.72¢C 115.16%° 117.27°¢ 298.32°C  222.62° 195.68%°
10%757e I Leaf 1.29°®  627.82° 169.92%° 168.97"° 364.49°°  263.24C 233.76°
10% sludge =% Stem 0 135.61°® 19.77"® 29.94%A 93.49"8 0% 220.72°6¢
fit Root 0* 67.17*4 0%A 32174 62.44% 0% 44.56*
HEJi Matrix 799 705,210 129.66° 491.81°¢ 304.69°  229.73"® 211.42"
20%¥5 1 I Leaf o 173.40°  1034.97% 4569.86°° 261.87°C 1055  134.63%
20% sludge =% Stem 0 4.92°4 187.46° 1068.55"8 177.33* 0% 90.49**
1R Root 0 115.48"8 15.26* 1713.63% 187.37"8 0 92.26%
JEJ Matrix - g00*®  820.68°° 134.34"® 873.79* 319.07°°  240.02¢¢ 233.37°C
40%35 18 M Leaf 0 280.57°®  1763.84"° 2533237 111757  13.75" 176.24°
40% sludge =% Stem 0 137.25* 264.21° 273.26 136.46"° 5.61%4 58.43**
fi Root 0 138.36 0 3923.23° 108.90* 04 143.56"®
JEJF Matrix 966" 1047.08° 14387°®  1654.72%8 338.09C  246.04®  282.24%

T BRI, RS AS R RN 7 B3 53 s A5 R HE N AN [R] RO -2 TR 22 5 00 A BB 2 %% (P<<0.01)

g (P<0.05) /K°F, H Duncan L%, n=3.

Note: The data are mean values, different capital letters or different small letters in the same column show significant different
(P<<0.01 or P<<0.05 each) results among the different samples of every treatment by Duncan comparison. n=3.
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11 A, B 2) HEPHrEAR, btk fabsis /e
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T APk, Pune /M. Baker FI Brooks # 5-
T+ 1983 A4 U B AL I 2 541, WHERE T B
skl b (T 5 T4 Cd 4 %) 100 mg-kg™?, 4 Co-
Cu. Ni. Pb iX %] 1 000 mg-kg™, Mn. Zn iA%] 10 000
mg-kg ™ LA_E A IR ol & SR A, (RN X S )
RS RBOCT 1 HIAAER0, AHIF 97 45 2 1]
BB H A% NI (20064071 . 40%403). Cu (20%
LEFR, 409ALFE ). Cr (40%ALHE) #4G#8 w HVEH
WG R B 25 SRR, S R S R Y
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4 Lt

AWEFTATAFH A8 V5 Y d A R K AT L
GFROGEHEAE I 2 05 B < i (R Y AT s
(W52 6EJ): 24X Niv Cu. Cr 45 4 A
HARMEM, S 2R A d A

Sk

[1] skK¥E, skiE, RZE, % REVGIRCELERRS K
JE[]. vk, 2007, 17: 33-35.

[2] Btem. HORE: PEESBEG R EER 16 il
HAF[N]. BTk, 2011-06-04.

[8] F kAt Ry, B, 4.
FpE MOl H AR AL, 1998,

[4] M2EFs, BESCU, WEE4E, 5. BRI M

HINEARLIM]. T

FOAEE S R 7 ORI S [0]. RIS I E 24k, 2002,

8(6): 571-577.

[5] QianJH, Terry N, Yu M, et al.Phytoaccumulatlon of trace
elements by wetland plants:III Uptake and accumulation of
ten trace elements by twelve plant species[J].Journal of En-
vironmental Quality, 1999, 28(5): 1448-1455.

[6] k&R, BEMA#E. MYAERELREFM] L5 &

[7]

(8]

(0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

SEHCA R, 2003.

MREEDE, SOBE. DU (NBT)VEK I SOD 4 AF 4R
W) WEeZy2z, 2009, 21(5): 43-45.

A0, ZEW]. ARG I E A i SR A A I
MIERE[]. A FLAAIE TR, 2008, 44(2): 323-324.
(ESCHE, KRRy, TEREER, 4. 3 B 4R 1400 10
WFFE[]. FREERIEAEST, 2004, 17(14T1): 40-44.

HURHT, PIKHE, V. T MG Ky et B K
T, FEERF AT, 2010, 23(11): 1441- 1446.
Ding B Z, Shi G X, Xu Y, et al. Physiological responses
of alternanihera philoxeroides (Mart.) Griseb leaves to
cadmium stress [J]. Environmental Pollution, 2007,
147(3): 800-803.

Das P, Samantaray S, Rout G R. Studies on cadmium tox-
icity in plants: a review[J].Environmental Pollution, 1997,
98(1): 29-36.

Toppi L S, Gabbrielli R. Response to cadmium in higher
plants[J].Environmental and Experimental Botany, 1999,
41: 105-130.

Cherian S, Oliveira M M. Transgenic plants in phytoreme-
diation: recent advances and new possibilities [J]. Environ-
mental Science & Technology, 2005, 39(24): 9377- 9390.
Chaney R L, Malik M, Li Y M, et al. Phytoremediation of
soil metals [J]. Environmental Biotechnology, 1997, 8:
279-284.

LeDuc D L, Terry N. Phytoremediation of toxic trace
elements in soil and water[J].Journal of Industrial Micro-
biology and Biotechnology, 2005, 32: 514-520.

Avrief VV O, Trilestari K, Sunarso J, et al. Recent progress
on biosorption of heavy metals from liquids using low
cost biosorbents: characterization, biosorption parameters
and mechanism studies[J]. Clean, 2008, 36(12): 937-962.
Sonmez O, Bukun B, Kaya C, et al. The assessment of
tolerance to heavy metals (Cd, Pb and Zn) and their ac-
cumulation in three weed species[J]. Pakistan Journal of
Botany, 2008, 40(2): 747-754.

s e, LR R T R B S EOR[). R
WIF KR 525, 1999(6): 64-65.

Baker A J, Mbrooks R R, Pease A J, et al. Studies on cop-
per and cobalt tolerance in three closey, related taxa with
in the genus Science L. from Zaire[J]. Plant and Soil,
1983, 73: 377-385.



