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Abstract: Effects of single carboxylated multi-walled carbon nanotubes ( MWCNTs-COOH) at 0-12
mg - L' and their combined treatments with 10 wmol - L' cadmium (Cd) on physiological indexes and
H,0, localization of leaves of seedlings of cultivar ‘Y Liangyou 900’ of Oryza sativa Linn. were studied.
The results show that with enhancing of mass concentration of MWCNTs-COOH, chlorophyll content in
leaves of O. sativa seedlings decreases gradually, activities of superoxide dismutase ( SOD) and
peroxidase (POD) increase first and then decrease, while malondialdehyde ( MDA) content and O,
generation rate increase gradually in single MWCNTs-COOH treatment group. Activities of SOD and POD
in single treatment group of 6 and 3 mg - L' MWCNTs-COOH reach the maximum value, respectively,
which are significantly higher than those in 0 mg + L™' MWCNTs-COOH (CK1) group. MDA content and
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0, generation rate are higher in single treatment group of 1.5, 3, 6 and 12 mg - L' MWCNTs-COOH
than in CK1 group. With enhancing of mass concentration of MWCNTs-COOH, chlorophyll content and
SOD activity of leaves of O. sativa seedlings decrease gradually, POD activity appears the trend of
“decreasing—increasing significantly—decreasing” , MDA content increases gradually, and O generation
rate decreases first and then increases in combined MWCNTs-COOH-Cd treatment group. Chlorophyll
content and SOD activity are lower and MDA content and O, generation rate are higher in combined
MWCNTs-COOH-Cd treatment groups than those in single MWCNTs-COOH treatment groups with the
same mass concentration. The area of brown spots on leaves of O. sativa seedlings in combined treatment
group of 12 mg + L™ MWCNTs-COOH-10 wmol - L' Cd is the largest, and its color is the deepest. It is
indicated that both single MWCNTs-COOH and combined MWCNTs-COOH-Cd treatments with high mass
concentration have toxic effects on leaves of O. sativa seedlings, and combined MWCNTs-COOH-Cd
treatment has an obvious synergistic inhibitory effect on leaves of O. sativa seedlings, resulting in toxicity
significantly enhancing.
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NS 1 F2 B K, {8 SCIENTZ JY92- 1T 8 7 i ik
FRAL AL ZCR BT KA FRA R T 650 Wi 5 i
i 150 W, B IRAR G 15 s AAK 10 s, ) i 45 2 500
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FHES AT

i Cd P58 E AL #@ (CdCl, - 2.5H,0), HX
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2 d, BRIRK 2 R) B FEE G IR A 1R iE 20
Mg, TR 30 CATARBEATET.
FFAIZF K ZE 29 5 mm B, ik 25 SR 3 0 B & Fp 7%
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A ALK FE Ly B A PR AR S LR 1,
211 st 24 3M%rh MELIAN.MEE
MWCNTs—COOH Jii 5 ¥ JiF 45 25, MWCNTs —COOH .
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0 mg - L' MWCNTs—=COOH-10 pmol - L™'Cd ( CK2)
24,12 mg + L' MWCNTs-COOH - 10 wmol + L™ Cd
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0.05) &K, [A]— & 1k iF MWCNTs-COOH -Cd &
B AL PR 4 R KT MWCNTs-COOH Hi—
PP, Hd, 4 EH50MMAYE 12 mg - L7
MWCNTs—COOH (S4 ) Fi—Ab FHL2H [i] 25 57 1 3%
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PERSe T R REARR &, 4 A~ MWCNTs-COOH Hi
— b PR K FEL T 7 SOD I PR & T CK1 4, 1
H.6 mg - L' MWCNTs—COOH ( S3) B — fzb F 4 1
SOD 5PE(24.70 U - mg™") £ & ; MWCNTs - COOH -
Cd KA A0 FRLH K R 4 v e SOD Jif 7 22 32 7 B AR

U« mg )i, [Fl—FE 3 E MWCNTs-COOH-Cd
BA ALK SOD i M4 Ik T MWCNTs-COOH H
—GbFEL , HH, C2.6 mg - LT MWCNTs—COOH - 10
pmol + L™'Cd(C3) Al C4 & A AbFHLH 43551 15 % 1 1) 2
— Qb ] 22 B

2.1.3 stit &ALy B (POD) ey Hrh HELIR
AL : 2 MWCNTs—COOH i &k i 45 5 , MWCNTs —
COOH . —AbBEZH K AF LN 5 POD 36 P 2 e Tt &
JE AR B e B, Hidr )3 mg + L7 MWCNTs - COOH
(S2) Fn S3 B —KbBRAL 1Y) POD JF PEAC R, 5 CKI1 4]
)22 5 8 %, 2 J5 POD i 14 B 3 B 1K ; MWCNTs -
COOH-Cd & & 4bHE A1 K FF 41 5 it - POD {if #: &
PR E TR e e W) R
MWCNTs-COOH-Cd & & 4b#H4 5 MWCNTs-COOH
B — Qb 32 (8] K FE &) R POD i P 3 A 7R I 3

s, o, C1 25 4 B4R SOD I 1 (21,59 25,

%1 MWCNTs—COOH i —F MWCNTs—-COOH-Cd £ & 4 Xtk B 40 B It 5 AL I35 AR 250 ( X+SD) V)
Table 1 Effect of single MWCNTs-COOH and combined MWCNTs-COOH-Cd treatments on physiological indexes of leaves of Oryza sativa Linn.
seedlings (X+SD) "
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No.  Treatment group Chl S0D POD MDA OR

B fb 3P4 Single treatment group

CKl 0 mg- L™ MWCNTs-COOH 1.68+0.06a 23.19+1.03b 17.73+0.53b 20.5£0.5¢ 3.61+0.07b
S1 1.5 mg - L™' MWCNTs—-COOH 1.72+£0.02a 23.23+0.12b 23.46+0.80b 21.5£1.5¢ 3.76+0.01b
S2 3 mg - L' MWCNTs—COOH 1.71£0.15a 23.96+0.25ab 33.30+2.63a 22.0+1.0bc 3.98+0.03b
S3 6 mg + L' MWCNTs—COOH 1.62+0.12a 24.70+0.68a 31.03+6.83a 24.0+1.0ab 4.49+0.07a
S4 12 mg - L™! MWCNTs-COOH 1.60+0.06a 24.27+0.14ab 19.10+1.03b 25.3+£2.0a 4.59+0.51a
AR Combined treatment group

CK2 0 mg- L' MWCNTs—COOH-10 pmol - L'cd 1.54£0.05ab*  20.32+0.10b=* 23.67+3.73b=* 22.5+2.5a 3.95+£0.27¢
C1 1.5 mg + L™' MWCNTs—COOH-10 pmol - L'cd 1.69+0.18a 21.59+1.19a 20.03+1.90be * 23.0+£2.0a 5.04+0.27ab*
Cc2 3 mg + L™" MWCNTs=COOH-10 pmol - L7'Cd 1.64+0.12ab 20.58+0.72abx  17.90+1.23c* 24.0£2.0a 4.53+0.30bc *
C3 6 mg + L MWCNTs—COOH-10 mol - L'cd 1.54+0.11ab 20.13+0.34b* 34.17+£3.37ax 25.5£3.5a 4.70+0.61bc
C4 12 mg - L™! MWCNTs-COOH-10 mol - L'cd 1.39+0.17b=* 19.87+0.20b 30.47+0.33ax* 27.0£5.0a 5.78+0.54ax*

D Chl: n%#2 4 5 Chlorophyll content (mg - g™'); SOD: ¥4 LWk (L EGIE P Superoxide dismutase activity (U - mg™') ; POD: b4 fb Wi IE 1
Peroxidase activity (U + mg™' « min™'); MDA: [§ — [ & ft Malondialdehyde content (nmol + g”'); GR: O 4 3 # O generation rate
(nmol - min™! + g™V . [@F A [E/ING FREFR R R — 85 AE A 5] 5 52 Tk B 1 B — B8 45 A b A () 2% 5 i 3 (P<0.05) Different lowercases in the
same column indicate the significant ( P<0.05) difference among single or combined treatment groups with different mass concentrations. * ; /K [d]—
SRR A A PR 5 — b F 2 [R] 22 57 1§ % (P<0.05) Indicating the significant ( P<0.05) difference between combined and single treatment

groups with the same mass concentration.

214 EH-_B(MDA) & FW%h MmELR
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COOH H.—4bHRZH K FF &)y 7 i - MDA 5 1 52 20
R Horf, S3 Fil S4 B —AbFHZH 1) MDA 5 R
&Ll CKL A 2 & 1 17.1% Fil 23.4%;
MWCNTs-COOH-Cd & 5 AL FRE K FE 41 it - MDA
AR 5 MWCNTs - COOH B — 4b 3 2 A

MWCNTs-COOH-Cd & & AbFZH Ay MDA SE34 5T
MWCNTs-COOH Bo—4gbFZH H 10 2 2% 5

215 30, A% FeHa mE 1B EE
MWCNTs—COOH Jii & ik i $ 5 , MWCNTs - COOH
—REBRAKFE L O 77 A i 3 S W T e 1
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O HHp, S3 R S4 F— AR BRALY O = AR ORI, 4
ks CKI1 A 2T e T 24.4% F1 27.1% ; MWCNTs —
COOH-Cd & G AL FRLH /K FF A i - | O 7= AR il 38 1
SRR TR s, C2 A A HRA Y O, 77 A i
AR, C4 BE AT O, 7 A R g m, B & & T
CK2 4, [a]— ik iEE MWCNTs-COOH-Cd & & 4b
BRI O, 77 4 s 8 5 T MWCNTs-COOH Fi— b
FRZ, Hop, C1.C2 F1 C4 B A AL HLZH 43 5] 5 %3 1 Y
A —Ah PR ) 25 S
2.2 MWCNTs-COOH £ — % MWCNTs-COOH-
Cd E6AEX KB EM F H,0,E LRI
MWCNTs-COOH *— Jz MWCNTs—COOH-Cd &
B AEH KRR E R HL,0, AL DL 1, i
B 1A 0:1.5 mg - L™ MWCNTs—COOH #i—fh F 24
5 1.5 mg - L"'MWCNTs-COOH-10 pmol + L™'Cd &
G IR BIKRE A R AR AR ZE A S
0 mg + L' MWCNTs—COOH-10 pmol - L' Cd i AH
F,6 mg + L' MWCNTs=COOH-10 pwmol - L™'Cd FI

Ml
W

CK1: 0 mg - L”' MWCNTs—COOH; S1; 1.5 mg « L' MWCNTs—COOH;
$2: 3mg + L' MWCNTs-COOH; S3: 6 mg + L™ MWCNTs—COOH ; S4.
12 mg - L' MWCNTs—COOH; CK2: 0 mg - L.”' MWCNTs—COOH- 10
pwmol + L'Cd; C1; 1.5 mg + L™" MWCNTs—COOH-10 wmol + L' Cd;
C2: 3 mg - L™" MWCNTs—COOH-10 pmol - L' Cd; C3: 6 mg + L7}
MWCNTs—COOH-10 wmol - L™'Cd; C4; 12 mg - L"'"MWCNTs-COOH-
10 pmol - L 'cd.

B 1 MWCNTs-COOH B —F MWCNTs-COOH-Cd £ & 4b 18 3¢
KBS EM A H,0, EAL IR0

Fig. 1 Effect of single MWCNTs-COOH and combined MWCNTs-
COOH-Cd treatments on H, O, localization of leaves of Oryza sativa
Linn. seedlings

12 mg + L' MWCNTs—COOH-10 wmol - L7'Cd & &
A PR 8 € JXE i TR BRI R B R

3% ik

o 25 R I WA P G A AR K 3 AR+
PR R RS A R 1~ 50 mg - L4
kT E ALK BE W 4 5 5N ( Cucumis sativus Linn.) Fl
7535 [ Phragmites australis ( Cav.) Trin. ex Steud.) 5§
WA B E S ', AP, 1.5 mg - L7
MWCNTs—=COOH (S1) B —Ab B2 /K 5 4y iy v v it
Ea e, M 12 mg - L™ MWCNTs - COOH - 10
pmol + L7'Cd( C4) & A AbFHLH iy 4 2 & B eI, Ui
HAIC T f9k BE MWCNTs—COOH 7] Gg Xy K Fi A K 2 AT
—EMEHEE R, & BT FE MWCNTs - COOH il &
)8 Cd L [RIVE ) 25 06 7K i ot B A D, i i
REORZWG, #msstgRSET K
MWCNTs—COOH H— K H 5 Cd &4 a3 g8k
AR 0 B 1 T SR 3X P RE S5 AR R R AR
PR Y (BB A TR IRABIT

MDA Fl O J2AE Y E LT 0974, R AE 4 9 A=
KA B A 3 B RS . A BE T 45 5 R
3 mg + L'MWCNTs—=COOH-10 pmol - L™'Cd(C2) &
B AR KRR L O 7 A AR T H Al A ik
FRZH, HEM X 2 B T B W B2 MWCNTs - COOH g
55 Cd = AEFEHRON, FEAREEME, /] — ot VK i
MWCNTs-COOH-Cd & £ 4b FRAL (1 N ¥ (MDA ) %%
FOR O3 P72k 3 4 B F MWCNTs—COOH 31— kb Fl
40, H 12 mg - L"'MWCNTs—COOH ( S4) Bi— kb i 4
F C4 A5 A AR FEL I R MDA Z 0 O, A
MR AR AR5 F 0 mg - L MWCNTs-COOH
(CK1)#10 mg - L' MWCNTs—=COOH-10 pmol + L'
Cd(CK2) 41, Ut i it Wk B MWCNTs-COOH 5 Cd
L[ G 7 A PR RIRRNE , AK R 4l 1 v A 0 1 4
(ROS) A1 A B 4T 1, A P . SR, B
Birhr 0,55 ROS 1 A 300G A 4 14 4 8 S8 AL ) B AL T
(SOD) F 2k 48 1k ¥ Tl ( POD ) 45 it 4 Ak g % e, 1
MDA & 51 O] 77 A R A 15 sl A7y, LS EAE W)
g g & AR P, Wang 2572 G0, MWCNTs -
COOH 7F— &0 B N ] i 42 5. ( Vicia faba Linn.) I
i SOD F1 POD i 4 09 B4 . A #F 58, B
MWCNTs - COOH JiT &t ¥ i #& &, K it & ¥k B
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MWCNTs—COOH #.— 44 () POD £ SOD i ¥4 7+
5, 11 S4 H—F1 C4 5 ALFIZE Y POD F1 SOD i 14
A3 %E 6 mg - L' MWCNTs — COOH ( S3) B — il
6 mg + L”'MWCNTs—COOH-10 pmol + L™'Cd(C3) &
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