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Remediation Potential of Three Dwarf Bamboos on Fafniland Soils Contaminated with

Mixed Heavy Metals [ | w1 g ' Y aV
ZHANG Ying' ZH‘AO Xlnz* ZHANG Sheng-hu’, QI D. G WA’NG Bo*, CHEN Yin', LU J‘lan -gang! " | /] &

(1. Coﬂdboratlve Innolyaftlon Centel of Atmospheric Efvirortient dﬂd Eqmpment Technology, Jiangsu Key Ldbordlory of! Atmobphenc Environment Momtonng dnd Polluthn

TENEER T
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Control, School of Env1r0nmental Science and Engineering, . Namlng Unl\er%lly of. Information Sciencé & chnology , Nanjlng 210044, China; 2. Nanjlng In%utute of
Envitonmental Suences Ministry of Ecology and Emlronmgmt Ndnjlng%10042 China)

Abstriét A to- -year field experiment: was carried out in a Gi-Zn-Cd-Pb- conlanunaled field with Sasa auricoma, Indocalamus tessellatus, and Shibataea chinensis Nakai to
inv e%tlgale theix glowth"'and accuriullation characteristics. Based on ch’é‘nges in heay«y" metal content in the soil, we compared their phytoremediation potentials for the combined
pollution 6f hedvy metals. “After two years of planting, S. auricoma showed the best tolerance to soil contaminated by heavy metals, with the number of plants being 63. 8 times
that at the/time of planting. For each bamboo type, heavy metals were most concentrated in the root, with the best enrichment ability of Cd and worst ability of Pb. The
bioconcentration factor of Cd in the roots was far greater than 1 for all three species, with 17. 68 for S. auricoma and 14. 63 for I. tessellatus. The accumulation of heavy metals
was mainly concentrated in the roots and rhizomes, and the accumulations of Cu, Zn, and Cd in S. auricoma were 157. 14, 363.3, and 7. 18 g-hm %, respectively, which
were higher than those of I. tessellatus and S. chinensis Nakai. Compared with that before planting, the content of heavy metals in the non-rhizosphere soil decreased after two
years of planting, among which Cd content decreased the most, from 39. 6%-40.4%. In addition, the contents of Cu, Zn, and Cd in rhizosphere soil of S. auricoma and S.
chinensis Nakai were significantly lower than those in non-rhizosphere soil (P <0.05). The results showed that the three species had strong accumulation ability of Cd and
could be further studied as Cd-repaired plants. The growth condition and content and accumulation of heavy metals in S. auricoma were excellent among the dwarf bamboos,
which showed the highest phytoremediation potential.

Key words: phytoremediation; dwarf bamboo; Cd; field experiments; heavy metal in soil
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“ AR — — 1.5 400
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EENT (Indocalamus  tessellatus ) F1 3K T AT ( Shibataea
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0.3 m, FAFEME BRI FEARAER 1 a M2 a
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WA S A
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70°C FHEF = 1EE, FHBCAT S0 Ab T s 0 1 R 5
BFEERIPIRE S, 1 60 H e o i f5 0.

2021 45 HBORES , B: Heaal g H v 2 Bl Bk B
3K/ 4 m® BN IS A K AT T
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FHEFER Cu, Zn, Cd 1 P F R A #E L X
A DOEOETE R (PXREF) WA, 43 A ok 72 v 3 5 I
FE AT RURE B [ R bR o - 3% f ( GSS- 1a F GSS-
2a) AT I FE L AT FRE SR HNO, HEAT I f#
(GB 5009. 268-2016) , fifi I L IR A 25 55 114 Jo 3
2:(ICP-MS) Ml & Cu, Zn, Cd 1 Pb 71, @ it A7
URE B DR 56 E 47 i 4 o), v & T & 1l
W 5 0 A 94.97% ~ 104.33% ., 92.42% ~
106.94% . 90.61% ~ 104.20% Kl 96.34% -~
105. 14% , £F & ot P il K.

1.4 BHageitotr

K Microsoft Excel $EA780HE AL, i ] SPSS
fI B 2% 77 2% 790 T ( One-way ANOVA ) X 434 5
T H G R T B35 My 200, 25 5 B KR
WEN P <0.05.

TR RE T T 4 B AB 08 1 B FE AR B
& 5 280 ( bioconcentration factor, BCF) Fl%%9z £ %
(translocation factor, TF). H:H & 45 2% ( BCF’)FJQHJE
TR S PSR 4 )R A BE 1 T s B (TF)
O S T R A EMVWL@E lsua@
| ﬁﬁ%ﬁﬁ/ﬁﬁﬂ? ,( :

" BCF = ﬁ%ﬁ*%ﬂ%‘*%i )%EI’J‘ £

Hefnh e g mn & &
MRER iz E 4 &
H TS [A) RO B 43 s i B AR R H 4
JE& i S A R AR, PUHA SOR BRI T 715 7 5
K4 (translocation quantity factor, TQF) 3 iz BAE 9 A
IRV A Sy WAL D =S RN 5 i = /N Wy

HEM AR R
MR bz Jm R

TF =

TQF =

2 HRE5H

2.1 HEEAT ARG

TG TR 2 a JRSATRIOTETE R | BANL
TR A KRB A e 0. R 2 a J5 , AE BTN
WEBATEFBAENE , LA I K A KRB 501 hy T i
F B 63. 8 A7 A1 24. 6 . 115477 X 12 T <62 Ja J5 e 1)
i 52 BE 1 822 , A 15 AR AXA 66. 7% %’Fﬁi’r’ﬁn&%%
ﬁﬂﬁi{ﬁ?%%&%iﬁ?ﬂﬁiiﬁﬁ,/ﬁ\*%%%
E’ﬁa\ﬁﬂﬁ,\,m\i%gﬂﬁ 49% 1 60% . E/PTEE%EHE
E%*Tﬁ@%ﬂlxiﬁ %wﬂﬁ R R 35% A
39% . JH AT B %’r’riﬁﬁ%ﬁﬂifﬂﬁﬁﬂﬂ%b fjj
P33 2 T SRR I 47 725 SRR
%%ﬁ¢*34W@ﬁTHkﬁ%mﬂﬁ,$ﬁﬁx
B 8 R R >

RS - 4
. ,f %wmwﬁMEkFaua) 4

7 i . | Table 2 Crowth of three dwarf bamboos (2 years)
N i % K / A e (LT ) /gom
iy /Hfom 2 BEmE i [ % I
JEsr 100 42.5 +16.42 241.82 +50.48 22.67+5.03  119.28 +21.65  65.73+£19.23  34.13 +5.86
B2 66.7 4.6+1.59 44.69 +13.39 4.39 +0.71 18.06 +3.12  20.36 +7. 14 9.90 +3.47
I EAT 100 17.6 £5.44 191.84 +22.13 21.46 +3.19 115.82 £25.25  30.28 +4.53 24.28 +3.68

2.2 EEBRTEHEITIANNE S EN

T3 IRIR T 3 DMTATEA A AR AR R T 4
AR 4R . BRAE B AT RN AT 2L A5 rh A
FERB T A R W T B AE DL AN, S AT A AE R 2 a BT
RNESE T ERAK 1 a WH — @8, (B RE
IIARIBHNEZE K- (P <0.05). HhAEEATAERK 2 a
L w (Cd) 4 18.03 mg-kg ™', 8 FAER N T
39.4% ; FEXTAERK 1 a BT 223 o (Zn) 5 194. 20
mg- kg~ ! M‘2 AR 232, 88 mg- kg iﬁfi:fﬁ
A WE,; MG BATHER B Cu M Zn T EAD
TESR 2 AR BEWN (P <0.05) . FEHATAERK 2 a
IS @ (Cu) 7] 3k 435. 81 mg-kg ™', L i T4
MG EAT; o (Zn) 16 JE BT AR FE B 8 AT M AN
R, 4 227,13 ~238.28 mg-kg 'y FEEAT
MEATRE T o (Cd) 53514 18.03 mg-kg ™' il
18. 44 mg-kg ', WE R TREEA (P <0.05). 3 Fh
AT R Ph F AR/ 3 AT #E S A S Ph

TR, TR S AR K H Ph &8 A A K.
XFH &P, Cu, Cd A1 Ph 7E 3 AN RARS 0 & B35
B E T HAMIAL(P <0.05), Zn 7E3E B AT FEE
BRI A, AE BT TN A TP AR
FZE5X 2 A

MR 4 M A5 A Tl o} B 4 T R AL RN e i i
F1, 53 B T H BCF FTF (B (3 4 F15 5) . 71 A
AR T a B S AT R Cd B BCF HI KT
1, H A AT BCF (H K, 10. 25 FEBAT A
EATHER BCF {051 8. 56 F12. 94 ; [HIETATAR
X Cu () BCF {HM 1. 99 41, 3 Flighi A7 4} ix 4 Fl
4B BCF {HH4/NT 1. BB Rl A K AEBR I K
PIRh AR NEE 4 08 B 3G, i 1 4R B
HY T80 43 H 43 J Bl AT A I i R B i BCF (B 3
T2 2 AESEE AT IR X Cd B BCF {H ik L 4FE Y
2.07 1,8 17. 68. FEEATHEFL X Cd FARFFXT Cu 1Y
BCF {E43 538 I 2 2. 26 F1 2. 39 , 25 F P38 40 XF
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Cd B9 BCF {5 DAE BRI, F8BATBRXT Cd B9 0. 14 FFRZE 0. 04.
BCF B34 hn#e B 40, Higx 3 FhEE 4 )8 19 BCF (B34 2 4 AJAl, 3 FhHBBATXS Cd 9 BCF K,

E/NT 0.1, T X Cd /9 BCF {E B2 1 i AR HE S e HURS S RN RS X Cd ) BCF 1 ) K

£3 HENARBEHESEEE /mg-kg !

Table 3 Heavy metal contents in dwarf bamboos/mg-kg ™!

R E LR hi A HERAER a i L e it
AT 1 412.27 £16.15aA 36.67 £2.62aB 6.47 £0.63cdC 6.17 £0.77cC
2 435.81 +18.16aA 40.98 +1.34aB 9.61 £1.68bcC 9.25 +£0.91abC
Cu e hy 1 153.19 £9.45bA 13.38 +1.17¢B 11.47 +1.26abB 9.37 £0.91abB
2 182.93 +8.47bA 18.90 £2.11¢B 12.93 +1.15aB 10.01 £1.05aC
AT 1 171.36 £10.51bA 28.29 +2.23bB 6.61 £1.28cdC 6.99 +1.37bcC
2 181.31 +8.99bA 34.94 +3.83aB 6.30 £0.53dC 9.00 = 1.09abcC
SEE 1 201.11 £13.20bA 151.01 £10.90cdB  110.78 +7.08cdC 49.79 +3.99bcD
2 227.13 +11.74abA 182.22 +10.28cB  118.60 +8.89¢cC 48.34 +2.61cD
n by 1 219.51 £18.51abA  151.99 £11.73dB  194.20 +17.38bA 46.86 +4.37cC
2 238.28 +14.96aA 172.40 £7.09¢dB ~ 232.88 +9.60aA 48.35 £4.29¢C
EA 1 150. 11 £10.45¢cA 91.96 +7.07bB 75.21 £5.19eBC 60.41 14.9Zab-C
2 162.75 £9.01cA 96.49 +6.96aB 89.86 +4.39deBC 68.74 £4.0taC
AT 1 12.93 £0.78bA 2.22 £0.26aB : O.3Q‘EO.O6CC 0,06 <0, p;icC“
2 18.03 £0.95aA 2.31 +£0.28aB 0.43 £0511bcC 0.19 £0. 04beC
cd gy 1 17.73‘11. 35aA 2.01 iO.ZSabB“ =0.41 £0.08bcC 0.24 +ﬂ 06abC
2 18.44 %1.23aA 2.05 £0.28abB & 0.37 +0407bcC 0.23 +0‘97dbC
RN 1 3.29£0.12¢cA 1.35+0.11¢B ()..‘._.57.10.082;1)(: 0.31 £0. O4dbD &
] 2 3.900.27cA 1.51 £0.06bcB #0.66 £0.05aC 0.36 +0. 03aD 4
& ?Eé-‘&ﬂ”y 1 ; 38. 8+2 4OCA- 18.1211.24‘.})]3'., ) 4‘. 70%0. 5‘11)(] 3.86 i0.62dg
iy 2 i 42. 7}.4-1 4*ng 20.99 +1.34aB /7 75.36 £0. 73!bC 4.10 £0.50dC ™ -
1 by i - = %T’]‘ 1 A o ‘71.1'6'8 A% 32dbA 14.22 +2. 25;}13‘13 11.01 tll. 11aB 12.95 £+2792¢B -
| iy 2 76207 +§ 95aA 15.31 12.60531" 11.42 £1.61aB 12.30-%1. 44cB -
R 1 .." 64.92 1’13 09bA 39.44 +3.40cB: 11.42 +2.77aC 21.39 £ 1. 34h1)‘,£
= 2 v 71 70 + 5. 44abA | 46.50 +2.85¢B A15.85 £2.57aC 26.69 +2.26aD
1)TﬁJ/ T‘i"?—ﬂri’%ﬂ“fln QE{(EFFEE’JT’WWZIEHE%E %E’Jﬁﬂ(}’fﬁ 05) | R[] K 5 5 46 75 AR ) 2 ol I 7 B 25 3 (P <
0.05) . &= =
R4 3HHEATEBIHNESBHEERS(BCF)"
Table 4  Bioconcentration factor of three dwarf bamboos
L M KAFERR Cu Zn Cd Pb
/a M e X R e 2% O MR M 2K by
ST 1 1.99 0.18 0.03 0.03 0.62 0.46 0.34 0.15 8.56 1.47 0.20 0.04 0.11 0.05 0.01 0.01
2 2.39 0.22 0.05 0.05 0.79 0.63 0.41 0.17 17.68 2.26 0.42 0.15 0.13 0.07 0.02 0.01
gy 1 0.65 0.06 0.05 0.04 0.64 0.44 0.57 0.14 10.25 1.18 0.24 0.14 0.20 0.04 0.03 0.04
2 0.91 0.09 0.06 0.05 0.75 0.54 0.73 0.15 14.63 1.63 0.29 0.04 0.22 0.04 0.03 0.04
1A 1 0.59 0.10 0.02 0.02 0.35 0.21 0.17 0.14 2.94 1.20 0.50 0.28 0.08 0.05 0.01 0.03
2 0.69 0.13 0.02 0.03 0.43 0.25 0.24 0.18 4.88 1.8 0.82 0.45 0.09 0.06 0.02 0.04
1) BAAFFR BCF=1 MM
x5 3IMMBHEMINESEBNEERE(TF)
Table 5 Translocation factor of three dwarf bamboos
PP . z @ "
/a L3 e i L B i i e it e e i
S 1 0.09 0.02 0.01 0.75 0.55 0.25 0.17 0.02 0.01 0.47 0.12 0.10
2 0.09 0.02 0.02 0.80 0.52 0.21 0.13 0.02 0.01 0.49 0.13 0.10
gy 1 0.09 0.07 0.06 0.70 0.89 0.21 0.12 0.02 0.01 0.20 0.15 0.18
2 0.10 0.07 0.05 0.72 0.98 0.20 0.11 0.02 0.01 0.20 0.15 0.16
BB 1 0.17 0.04 0.04 0.61 0.50 0.40 0.41 0.17 0.09 0.61 0.18 0.33
2 0.19 0.03 0.05 0.59 0.55 0.42 0.39 0.17 0.09 0.65 0.22 0.37
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Fig. 1 Accumulation amounts of three dwarf bamboos(2 years)

FEHATXT Cu, Zn il Cd BFE N =F P&,
SR 157,14 363, 3 F17. 18 g-hm 25 MiREEBAT X
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T1L P, 2 A R A R B TEAR R 2 S
T TQF P 5 FE 1 1) S 1 o <5 Jas e AFL ) A PN 1 23
At i, 5 TQF {EALRE S W 4 7] —He A [R] B Az [7]

B FBUR I R/N R R X A [FAEY) 2 6] 2 4
)%%’ﬁ VARG Rk ol 2% TR A i AR 9 A
i

®6 3IMMEANESBHHZERE(TQF)"

Table 6 Translocation quantity factor of three dwarf bamboos

o Cu Zn Cd Pb
5 i E i [ % - i E n [ % n
FEBAT 0. 49 0. 06 0.03 4.22 1.51 0.32 0.67 0.07 0.01 2.59 0.36 0.14
B 0.43 0.33 0.11 2.98 4.54 0.42 0. 46 0.09 0.03 0.83 0.70 0.34
1 EAT 1.04 0.05 0.06 3.20 0.78 0.48 2.08 0.24 0.10 3.51 0.31 0.42
1) BARF IR TQF =1 AYE
2.4 MRS RZEHIEDESEN S EEL FiRNESE ZHESHMER P ESE TR

R T PRI TRREARAER TS FRER S %
FErEpmESESE SRR H P RS
REEML (R MHEREZE L EESE S
EAAFEAFRRERN TR 3 Julg M Cd & i
I RO A, 4 el ROk 2013 2,45
M 1.83 mg-kg™' T [ E 1.28, 1.48 ﬂl A 09
UFRE T 39.6% ~ 40. 4% (P <0. 05") Cu

BFFET 10.3% ~ 19. 8%,,E¢ 1 5k

mg* kg
M Zn &

Eﬂ*%ﬁﬁﬁi@}:iﬁéqj o (Cu) Al w(Zn é}#}ﬂ}jx-“

263! 47 mg- k¢ N F1 400. 4 mg kg~ 115‘[5%?219* 63
mg-kg ' 3Q6 6 mg-kg . ﬁﬁi‘%}:ii}%*
w(Zn) i (426.64 mg-ke™' T B%% B 34233
mg - kg "I /(G ZI{LM 289. 87 mg kg7 N
259. 90 mg kg, FEET 10.3%. i'%):'ifﬁ%qlljb;
AN AL T W 4. 5% ~ 7. 6% . % &5 75 YOT b
W G O A AR K A AR SRS AT AR
R FA IR, 22 7 a5 RACREAUR AT R AR K
0[BT 1918 A 0, 31X 0 RE i — 20 il B W] AT

EAFM A, Bk T - E RN E %
FREHZAN, b E 4 SRR ae s
FURZIE N G A R AT o6, s e i b i
AE%%fﬁﬁ&%%ﬁmmﬁmTT%ﬁmﬂ
E S A

XFPHATFPAER 1a f12 a E’Jgﬂz%}%'_fxzﬂ 3 y&ﬁt
o FH T Cd A A A T I A mﬂ“
M Cu F1LZn DU 3 B 108 o 9 Zn A
.22 5 (P50, 05) UL 3RO 3 G g
A Fvﬁﬁﬂkﬁﬁz% HIERE X Cu I Zn &&%%‘:’r’m‘
Zn A — ;Ef?ﬁﬁ“jj

AW, *E%Tx.dﬁ% ﬁ*ﬁﬁﬂftﬁﬁﬁl
ZAL EPIT, 50 SRR BRI A P 2 2
B, TSR X 4 R AR RE 0 ke 7 T
A ARPR b 4 MES R S BT RIZ 18
FREEE T RIS BATHR R LAY Cu, Zn Pl Cd 53
JE R R R 2R (P <0.05). Z45 Rk
PR 221 A B 4 8 WSO AR — 2 5.

RT FARERERTRELERELFHEESEREE /mg-kg™!

Table 7 Heavy metal contents in rhizosphere and no

n-rhizosphere soil under different growth years/mg-kg ™!

. K Cu 7Zn Cd Pb
A R/ a HEBR L I PR+ 2L HEBR L I PR+ #)Z2+
15 1 207.39+£9.48aB  241.54£11.53aA  325.83+16.40aB  362.48 £12.33aA  1.51+0.16aA 1.74+0.11aA 340.60 £11.68aA 357.60 +15.02aA
(FEBEAT) 2 182.50£7.78bB  210.63 +8.04bA  287.57+12.87hbB  326.60£8.34bA  1.02£0.07bB  1.28£0.09bA  321.63 +10.46aA 344.77 £12.(4aA
2= 1 237.33£10.43aA  277.54+8.92aA  343.20:7.47aB  367.38£11.99aA  1.70£0.17aA 1.99£0.08aA  366.63 +10.54aA 382.40 £8.71aA
(A7) 2 200.13+7.13bB  259.90£9.63aA  319.31+9.40aA  342.33£11.54aA  1.26+0.14bA  1.42+0.06bA 346.83 +15.82aA 365.67 +7.94aA
35 1 288.03+5.53aB  323.54£10.84ad  430.00+12.24aB  467.10£13.15aA  1.12+0.20aB  1.48+0.09aA 774.70 £18.33aA  799.01 +13.79aA
(FEEAT) 2 263.50£9.43bB  297.47 +11.6laA  382.2713.00bB  432.50£10.86bA  0.80+0.06aB  1.09£0.02bA  752.50 +14.52aA 776.77 £11.00aA

1) RN 4 3R [F]—
FES (P<0.05).

LY

3 e

it
ARG 3 AR BB Y HE A
A RE 5 HLX F 4 9 R S P 6. Cai 251 1)
BV B, MR P Ph N30 T PR 62 K AT, 229
RROMBCEAT T HERE s Lino %520 9B 52 % B AT

LIRS TEA TR A AR IR Z MR 2 22 5% (P <0.05) , A AKRE F R R Al —

A RARBR T AN TR 5 A 2 [a] )

AT LUF AR BB XT Ph (¥ R VR FH 22 Pb W aa sy
%Eﬁﬁiﬁzﬂﬂ FEARIG ST AT ARG AT
TRAE e R T HALER 4, W E A R R A5 R
BT A e T 7 R e R RE . T AT M A ) R A
XN, AT RE e I T A R IS Yl T i 32 v .

HexE
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\BAEAE— & B A JBAE WG T, J5 S ] B 0 v FE /)N
(1975 Ge it — 2D o0 LA R R AL

TR A R R & B TE o (Cd) R 1
~14.5 mg-kg BTG YT BATHERATX Cd 1 E %
FRESIRH L 0. 5. W AEAHIEFE A7 AR 38
) Cd MEERBIIRT 1, UL HLPE T X Cd 19
EHERE BT B MEN. B & i 058
ookl N A M B A4 B % ( Galinsoga
quadriradiata) /& —F Cd & & £ Y, HE 5
mg-kg " A Cd WA T, M b RIS A9 BCF 1B 53501 R
2.1 1 1. 86. sk =B ST & L Cd B B
YIFE A ] (Ageratum conyzoides 1. ) ¥E 138 w (Cd) Ry
3.03 mg-kg "B, M RIHL N EAN Cd FE B
8.32 mg-kg ' F13.27 mg-kg . AWFIE P AERATLE
o(Cd) N 2.13 mg-kg ™" B4 HAHE 2 a J5 MR
w(Cd) A3k 18.03 mg-kg ™", HLHBFNHEHE A BCF 18
S35 17. 68 H1 2,26, 5 LR A LL, HHLF
SR AR BCF (H44b T4 KT, 1 B b 17
Xt Cd B R A & R8T, AT 1R A S 4k 2

RABISE. ‘
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