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als, we investigated the heavy metal accumulation ability among eight herbaceous species grown in ecolog-
ical rehabilitation forest in strictly control the land in the area nearby Hangzhou City. [Method] The
eight herbaceous species were sampled in study area. The dry biomass and metals levels in plants were
determined and the phytoremediation potential were assessed according to the subordinate function val-
ues. [Results] The levels of Cd, Zn, Pb and Cu in the rhizosphere soil of the eight species all exceeded
the risk screening values, and Cd exceeded the risk intervention values for soil contamination of agricul-
tural land. The 8 species grew well in the severely polluted soil and showed strong tolerance to pollution
and varied in metal accumulation. Conyza canadensis, Sonchus asper, Solanum nigrum, and Erigeron ann-
uus showed high ability in Cd bioaccumulation, with the BCFs of 0.53 ~0.76, 0.52 ~ 0.60, 0.40 ~ 0.68,
and 0.42 ~0.69, respectively. Conyza canadensis and Phytolacca acinosa had strong ability to transport
Cd, Zn and Cu from root to shoot, with the TF values ranging from 1~ 1.95 and 1.24 ~ 1.59, respectively.
Rumex acetosa showed high transfer ability for Cd and Zn, with the TF values of 1.27 and 1.47, respec-
tively. Cnidium monnieri and Solidago canadensis had strong transport capacity for Zn and Cu, with the
TFs of 0.9~1.57 and 1.12~ 1.18, respectively. [Conclusion] According to the order of subordinate
function value, Conyza canadensis, Sonchus asper, Solidago canadensis, and Erigeron annuus, have great
potential in phytoremediation to severely polluted soil by Cd, Zn, Pb and Cu. Due to the ecological risk of
Solidago canadensis as the invasive plants, we recommend that Conyza canadensis, Sonchus asper, and

Erigeron annuus can be planted under ecological rehabilitation forest in heavily polluted land in subtropi-

cal area.

Keywords:heavy metal; severely polluted soil; herbaceous species; comprehensive bioaccumula-

tion factor; phytoremediation
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Table 1 Main herbaceous plant species in the study area

LERZELES FL T 4 &4 Ak
JINEE B Conyza canadensis MY —AEAE
i AL IR Sonchus asper T ERE —AFEAE
T 5% Solanum nigrum i —A4EA
PR Rumex acetosa R s ZAEH
kG Phytolacca acinosa T bl ZAE:
—AFIE Erigeron annuus KER —AFA
R Cnidium monnieri LA NES — A
mERK—K ik Solidago canadensis — MR LA
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PR AIRE IR ST M SR8 =, S A koK
Y Yt R B 71 S W< 0l w1 R 7/ B 2 [
FEKME3, Wi 105 CRE, ZETET0C
T EEE, TR R YRE S P TR, HIER
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FERPET AR, sk b, ZsduiR,
FHAARMERE S 12 0.149 mm 0, TS5 SR & 4
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FHERES SR K (ERAR - RERR M 3:1) FEATIH
i, FEPIRES FHRSIR-DUEEK (IR : SR K=5:2) TH
fift, TS TR i T B 5 45 i Ak
Jii 3% (ICP-MS, Perkin elemer NexION300D,
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ThermoFisher CAP 7400, Germany) & BE 4 &,
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BEERREIR, KAE N A ER 1.74
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PR Cfe M 375 Y KU A5 bR E) (GB 15618—
2018), 4FhE 4 )@ Cd. Zn. Pb Al Culyik M

AL S5 YT (F,  CdEE i 1 AH]
XA (1.5~ 4 mg/kg), T kB4 1
P, LAl AR 25 KUY R

A2 FREMRIRIEELESE (mgke)
Table 2 Heavy metal content in rhizosphere soil of different plants (mg/kg)
LEE/L e S ki 28 i il
INER 84.65+11.21 2385.11+232.19 252.48+39.56 169.55+25.51
AEMHE R 79.79+2.58 2340.61+110.21 297.52+51.86 172.11415.92
JesE 73.55+8.52 2210.74+368.72 252.02+45.96 167.47+35.12
[ig: 76.00£6.51 2219.50+201.86 393.47+286.83 160.72+19.90
Tk 122.00+44.38 6 128.31+2 553.68 728.13+484.93 444.54+288.10
—AETE 70.10+6.81 1922.28+175.65 247.23+105.16 136.17+10.58
I R 80.38+4.71 2 574.96+179.15 319.44+85.15 199.20+15.22
IR — R A 77.13+0.24 2 426.12+5.48 267.57+0.60 182.70+10.88

22 EYMENEEESE

R3S, 4P SRR SR Cd
21.50 ~ 60.88 mg/kg, Zn 198.86 ~ 747.41 mg/kg, Pb
1.49 ~4.25 mg/kg, Cu12.19 ~33.48 mg/kg. HYH
B H A B S EEE B0 . 2527 ~ 51.60 mg/kg,
Zn 258.11 ~577.09 mg/kg, Pb 6.72 ~64.68 mg/kg, Cu
24.30 ~ 53.57 mg/kg. 8 FE AP AN [F]—H 4 AT
Fipth R 2ZES, X Cd M Zn PRI L35
Frm— AR TR, SR AR M B
AT A /NEE R (Cd, 99.15 mg/kg ) I Fifi
(Zn, 1139.65 mgkg), w4 AIEK (Cd,
1.47 mg/kg) F—45% (Zn, 19521 mg/kg); XITPb
I Cu AR R & i — e THb L3, LA Ao i Sy
S IEAEMESE (Pb, 82.42 mg/kg) FI—4E%E
(Cu, 81.10 mg/kg), f/IMEZHIILEREIR (Pb,

4.62 mg/kg) FIFFRLE (Cu, 16.69 mgkg). A[FAHY
X H 4 R IR ST A ZE S 1, AN/ N B
ESCA SRR, EEERIN SRS T
Cdiy e, FMESFEYI T Zn, Pb, Culfi2is
W 5 H SAHC, TEAEYITN 2R N, AT AR
i ESE RS T RS RN T EEA EAX
PE, ARPR H IR E SR A YR T RIFE R N 1%
HEEBICE ", BINRRHEMT Zn . Po B35 SR
, [EREHARER 33 Zn . Po RS RRE
FEHHEG YOO RS M SO T, thrTREH N &
4 B PR AR R S AR A () 2 1 T SO A A A
A 3 2 A 1T S M R A s e L s S,
T 4 O i a2 B A R R - B AL
PERT . 3 SR IE A

A3 MY EHRFR ARG ELESE (mgke)
Table 3 Heavy metal content in plant shoots and roots (mg/kg)

i it

B 5

Mo b7
60.88+39.21

Mo T o 17
43.4+18.54  3.96+1.59

Ho TR

47.99+6.57 41.3248.36 2.71+1.02
A
g

29.80+12.53 51.60+38.47 1.70+0.63 10.06+5.93

31.34+11.69 25.27+£2.07 1.73£0.50 10.03+6.22

10.74+3.60 496.36+258.76 258.11+£66.12
34.68+32.38 271.19+£30.63 480.70+290.14

Ho Ho R M FAR R

26.17£14.26  25.66+2.70
23.54+3.29 52.05+17.21
198.86+60.31

377.54+238.15 23.57+7.28 32.28+13.66

362.53£70.59 280.42+97.71 12.19+0.39  25.94+3.84
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Tk 41.35+21.38 29.31+6.75 4.25+1.75 11.27+4.49 747.41£394.94 577.09+91.33 36.34+3.10 24.30+7.74
—4EEE 29.00£8.58 48.86£16.46 1.49+0.43 19.96+12.62 242.96+41.43 353.71£96.40 21.98+3.40 53.57+25.63
g R 21.50+21.07 27.63+11.82 2.45+0.90 10.43+5.46 420.31£144.67 278.74+40.45 18.88+2.08 21.52+3.18
m%;};ﬁ 26.69+£9.51 51.01£26.51 1.73£0.05 6.72+0.69  450.02+40.71 380.66=11.28  33.28+1.25 32.10+13.09

23 HEYMEERHNESRREIEHRE

FE IR E 4 S ) ARG T LU AE Y s
EZRE (BCF) iz 230 (TF) #4717 . ARYE
4, HYXESENEYE SRS AR, 8FP
TR Y X Cd 1 BCF (026 ~0.76) %5 F Zn
(0.09~0.22). Cu (0.07~0.30) AIPb (0.01~0.12),
S FIHPIXT Pb AW & SERE I AIK . S FIE X [e]—
PR A JE N E LRI 2ZRHR, CARI Znih FHE &
= TARER, PoAICutR R & SN T-He LK, #i4 BCF
S, M RN Cd & AR RE T R AR 55 A o3
INEED (0.76) FIEEER (0.26), XFZn'mHERE SR

FR 5 ) e/ NE R (0.22) FIEYE (0.09); AR
Z X Pb & A8 7 f ol A 5 1Y 0 ) S AR TR SR
(0.12) FIFERE (0.02), X Cu s 4ERE H R ARITHY
Sl —4FEE (0.39) FIRRG (0.07). MEYIXTE 4
J& 1) = SERE 1 32 AE ) A B REE RN 1 4 Jm AP
TEAERRR Y, RYE 8 FEYI X E AR I E e
REEIE . S RAEME/ME, AT L& B R Fh
Yoir 4 W AR AR I AE A AR PR - AR T ARl
Fe s ok, ) dn s & B B R X Cd i) BCF ol
0.21 ~1.29, Tkt F3FE%F Cd ) BCF 4 0.11 ~0.81,

R4 MM ERBYENE R EFBIREENE RIEK

Table 4 Bioconcentration factors (BCF) and CBCI of heavy metals in plants

FRIE i it 24 il CBCI
B SRS O 10 S 0 S S SN D 10 SN 0 1S 0 i O A 1
INE 0.76+0.54 0.53£0.26 0.02£0.00 0.04+0.01 0.22+0.13 0.11£0.02 0.16£0.11 0.15£0.03 095  0.26
FEMEEE 0.60£0.07 0.52£0.12 0.01£0.00 0.12+0.12 0.12+0.01 0.20£0.12 0.14£0.02 0.30+0.09 0.38  0.78
T2 0.40+0.12 0.68+0.45 0.01£0.00 0.04+£0.02 0.09+0.01 0.16£0.08 0.14£0.04 0.19+0.05 022  0.52
Rt 0.41£0.12 0.34£0.05 0.01£0.00 0.03+0.01 0.16+0.02 0.13£0.05 0.08+0.01 0.16+0.03 0.21  0.18
fi3]50 0.42+0.36 0.28+0.17 0.01£0.00 0.02+0.01 0.16+0.13 0.11£0.06 0.12£0.08 0.07+0.03 031  0.00
—iEE 0.42+0.16 0.69+0.18 0.01£0.00 0.08+0.06 0.13+0.03 0.18+0.03 0.16£0.03 0.39+0.17 036  0.82
IR 0.26+0.25 0.34£0.13 0.01£0.00 0.03+£0.01 0.16+0.05 0.11£0.02 0.09£0.01 0.11£0.01 0.16  0.09
JER—RFIE  0.3520.12 0.66+0.35 0.01£0.00 0.03£0.00 0.19+0.02 0.16£0.01 0.18+0.00 0.17£0.06 049  0.47

AR X Z M &R E A5, H—HE
B BCFMELIHE A1 540 PRI E SR S
ERey, PR A BAERE (CBCD., 45
REI, /NERHL S (0.95) XF4FhE 4B E
fe g, HUCRINER B (0.49) FIAEME
ik (0.38), —AFEMRAR (0.82) XT4MELSEAE
ERE T nm, HUORAEMEE 3R (0.78) Fljp %

(0.52), FE—H15 . HiR TP E SR E R
BO(K5), KR SFMEYIN 4 Fh R4 R LI
H—EM2ER ., HovNER | BB, @kt Cd. Zn
FICuWiE2 2B T 1, W HEARRNESE
RAZRE Ty, (R RARFI R AL B fe K/ IME 22 7 55
Ko BN, FEMHHEEZTC, MR Zn, IngEk—
K AEXT Zn . CuliVibiz 2Bl 1.
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Table 5 Translocation factors of heavy metals in plants
UL/ i HY B il
IR 1.42+0.94 0.39+0.15 1.95+1.13 1.00+0.47
AL NiSd 1.22+0.37 0.11:£0.04 0.7240.35 0.49+0.16
e 0.84+0.62 0.19+0.06 0.61+0.23 0.85+0.52
[i7di3 1.27+0.57 0.22+0.12 1.47+0.77 0.47+0.05
ki 1.34+0.48 0.39+0.09 1.24+0.50 1.59+0.49
—AFE 0.70+0.48 0.130.13 0.7240.25 0.50+£0.28
IR 0.65+0.59 0.28+0.17 1.57+0.77 0.90+0.23
R 0.55+0.10 0.260.03 1.18+0.07 1.1240.42

24 EYNESREREFERNTN

HRYEHRET 5 5 RN 18 R R S s T
MER (F6), FATATRIAIINERE | FEMHE
ISR A —AFE BRI AT 444, KW

INEERE | AEMETSE IR — A AR — A X
APPSR LG B EMERE ) . Hrp/ R
Hi BT Cd, Zn i BCF AN Cd. Zn B%% i 2505
Iredra i, AEMHE SRR Zn AP () BCF #5341
.

A6 AT EE RIS S SR

Table 6 Rank of bioconcentration and translocation ability

pm FUEE s mee oww e owk MRS
i b 3 BCF 1.00 0.68 0.28 0.30 0.32 0.32 0.00 0.18
W BCF 0.61 0.59 0.98 0.15 0.00 1.00 0.15 0.93
TF 1.00 0.77 0.33 0.83 0.91 0.17 0.11 0.00
= Mo 3 BCF 1.00 0.23 0.00 0.54 0.54 0.31 0.54 0.77
R BCF 0.00 1.00 0.56 0.22 0.00 0.78 0.00 0.56
TF 1.00 0.08 0.00 0.64 0.47 0.08 0.72 0.43
Ly b 3 BCF 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
W BCF 0.20 1.00 0.20 0.10 0.00 0.60 0.10 0.10
TF 1.00 0.00 0.29 0.39 1.00 0.07 0.61 0.54
| Mo #B BCF 0.80 0.60 0.60 0.00 0.40 0.80 0.10 1.00
B BCF 0.25 0.72 0.38 0.28 0.00 1.00 0.13 031
TF 0.47 0.02 0.34 0.00 1.00 0.03 0.38 0.58
RRIEN 0.69 0.47 0.33 0.29 0.39 0.43 0.24 0.45
HErr 1 2 6 7 5 4 8 3
3 i FEMHE SR . ISR — R AR — 42X, 4 R 58

AT, SFPEAM YRR+ Cd. Zn,
Pb Fil Cu i Er s B T A P b 3805 Yeaie (), L
o C i KU (. 8 Fh R AAE X 42 Jd
TG e N MR, AR SR E R, NER

(Cd, Zn, PbHICu) LA S ERMGEIZEE e,
B RN R—MEie R AREY), A —2En
A, PRI Bt/ NE R AR SR — A
TEAE RV RGH 1 X 4 Vo UL A A 4 X b A 2
18 S MRBR T 3 B A HE ) -
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