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Study on Heavy Metals Enrichment Characteristics of Native

Tree Species at Antimony Mine Area in Lengshuijiang
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(1. Guizhou Forest Botanical Garden, Guiyang 550004, China;
2. Hunan Academy of Forestry, Changsha 410004, China)

Abstract; Contents of heavy metals in native tree species and their rhizosphere soils at antimony mining
area wasteland in Lengshuijiang were collected and analyzed. Plant’s ability to enrich and transport heavy
metals was investigated. The results show that soils in mining area wasteland are highly contaminated by
Cd and Sb accompanied with combined pollution of As, Hg and Pb. Cd concentration surpasses national
soil pollution risk screening value (GB 15618—2018), while Sb concentration is 104 — 226 times of soil
background value of heavy metals in China. Eight native plants show tolerance to contamination. Catalpa
bungei and Cupressus funebris have highest plant’s ability to enrich and transport heavy metals of Hg, Cd
and Sh. Broussonetia papyrifera has high plant’s ability to enrich and transport heavy metals of Pb, Hg,
Cd and Sb. Choerospondias axillaris has high plant’s ability to enrich heavy metals of Hg, Cd and Sb,
and lower plant’ s ability to transport heavy metals of Cd, Sb. Murraya paniculata, Catalpa ovata ,
Trachycarpus fortunei and Ligustrum lucidum have higher plant’s ability to enrich and transport heavy

metals of Hg, Cd. According to pollution of heavy metals in wasteland, and enrichment and transport
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coefficient of heavy metals by plant, Cupressus funebris, Catalpa bungei, Choerospondias axillaris and

Broussonetia papyrifera are sellected as preferential species of phytoremediation of antimony mining area

wasteland.

Key words: native tree species; antimony mining area; heavy metal; enrichment characteristics

A DX 8 T A M P B A 2 25 P B B Tl
BREBRY A RSB RENESETRS
WEH KA A PR K A AT X %) K
SEP AT Y L Gy A NS S i VL
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Pb.Zn.Cd =FpE 4 J& 5 4. Horp Cd ¥5 Gt f 9 ™
B OB EY X EERENE S BRI S
155 o Cr As Cd Pb ™ E bR . StHLAR
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R SR N T80 B R
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TR T O Y MRS IR R
AR TR H A Wi R A A AR BT
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MR N LA PR B EF (Murraya panic-
ulata) FEW (Catalpa ovata) KEH (Trachycarpus
fortunei) \Fg PR & (Choerospondias axillaris) R
(Broussonetia papyrifera) F# (Catalpa bungei) ¥
K (Cupressus funebris). K M % vi (Ligustrum
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RN OAZE R EZ A AT AR AR B R 2L BT T
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®1 AEASEIHFEKRIER
Table 1 Growth index of different

native tree species

A Wi /a Mytt/em W /m 5t i /m
L HF 7 2.07 2.26 1.7~2.3
FERY 7 4. 38 4. 85 1.6~2.4
Tl 7 3.45 4.17 L4~2.1
R R A 7 5. 83 5. 54 1.4~1.9
W 7 6.71 6.42 1.5~1.9
FA 7 4. 66 4.47 1.3~1.8
K2 it 7 5.24 5.11 1.2~1.7
k) 7 4.92 4. 89 1.5~1.8

1.2 KA *

KA MR AR R AR T A R 2B K np sk
3 W W T 2R T 7K 43 i A F R S S XU AR P 105 C
AT 15 min, 57 80 CHt+ZEfa & . Y
BENLM BRI 78 A0 IR & - 4 0. 21 mm 0 ™, 247 F
FEAS N, RN HHERE S BB L 24 5, T )5
RS 0. 15 mm 5 B V77 T A B4 N . LWLk 1
JE MR 5 R FRER 0. 25 g FIHAREEN . A
10 mL YRR THff . W+ As.Hg.Pb.Cd.Sb JL %
il ICP 5 , A AR 5 2 K.
1.3 A&
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J W E % R B(BCE) i B AR . BCF= 1
W) 2550 0y T 4 o i R AR

HE W i - 39 Hp 11 T 4 SR G R 0T 1 B
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2.1 grWMIRRIEPESERE

WKL B IR e & 4 B A s 4 rp
SlE G R EEE T 2R SET P,
As.Cd.Hg.Sb 73l & 4x 5 - 315 R E ) 1~2 £,
2~6 5 .8~12 .23 ~84 f5.104~226 f5 (% 2).
[ mf s 5 5 4 83 g XU R i (B A L (GB
15618—2018).8 Fl & +- R F AR b L3 vp Cd & &
(0. 88~1. 37 meg/kg) ¥ W] i 5 , 1117 25 B M AR B 1
Pb & 4t (30. 08 ~48. 05 mg/ke) ¥ K #br. Hg &
17 (0. 98~3.52 mg/kg) 7E-t & FER AL M L 7 R
AC A AE AR B - S B AR L LR R 2 gl A B
RN, As £ & (24. 85~60. 67 mg/kg) fF £ H
T AR R AR PR I AR AE AR S 1
BR R R AR . % 2 LR R L8 Sh & &
T AL E S BT R ke B L R, &k
93.57~203. 48 mg/kg., {5 YL F2 & Aie 8 .y Mg T
AR B 88 v o < Je T G AR R DR AR ol R < ol 2R AN )
1A fr 26 5, 3F LS. Cd 5 Y fie oy /5. Hg L As 5
Yo P i R M B AT KR ST R R E
S AN [F) T2 B8 Y R 48 Je 9 L AN TR AR B L 4 R
)RR BE S5 BE A8 0T R B ol W WA o g
VIR S

£2 SIMRMREIRTESRSE
Table 2 Heavy metal contents in native

plant rhizosphere soils /(mg « kg™')

A Pb Cd Sh As Hg

L HEF 30.57 0.96 138.17 37.54 2.50
KR 30.54  1.37 143.69 24.85 2.74

F7 48.05 1.10 115.47 60.67 3.06
LIRS 31.00 0.88 181.75 33.69 3.24
MR 31.21  1.09 93.57 29.78 2.65
LEEN 30.29  0.92 203.48 26.11 3.52

Fe M4 30.08 1.17 139.33 28.95 0.98
4 4 35.83  1.29 126.59 35.83 1.05

5 4575 Yo RS FE . 120. 00 0. 30 — 30 2.40
4 E 3 5 23.00 0.11  0.90 10 0. 042

BN CER e /e S 12 S e w0 LD e w7 N [ s £ o o
TCR WA ] A [a] BB A7 1Y) o 43 T 2 i e B
S RS E RIS TR .
FPIE I AR 2R S & B AFEAR KR 22 57 2w A5
BLAAAH A 5 i S & & 41, 75~363. 67 mg/kg, If:
DARAA By HR A M F 43 R AR &R L KM 2 il i
I AR ES Sb & A 5. 73~504. 87 mg/kg, H P iR A
It HLAR A AR K T4t 135 40 AR AR 5 IG5 AR FH R
PR A HR X Sb TCF R I R 1k 5 R IcRe L (H 2
Sh IR FEEMOA . KW As Fl He &
YRS TRAR MR &S TR As & it
FEAR R M2z o7 ARG A A8 (17. 41 ~17. 83 mglkg) . 1
TR FIRAT R 22 (11. 26 ~11. 44 mg/ke) ; " B Hg & &
DABAR £ w9 (6. 47 mglkg) » AR R iR AR Z (3. 50 ~
4.07 mg/kg) s HIA g R L FBA X As 1 Hg 23
BORWCRE ) IF R B AR AR o, MR R 2
TR I R Cd & s (1. 29~1. 33 mglkg)  #
R Z (0. 98 mglkg) ;s KM Zr s L ER (2. 19 mg/kg)
AL 83 mg/kg) Cd & it ¥ d5c iy » L LA R AR AR
RFH Cd Fraikz (1.25~1. 44 mg/kg), HE M
oK NG Y 1155
®k3 SIMMARBLELESE

Table 3 Heavy metal contents in different

2.2 $ivMERNESERERESNH
RIKILT B X R 57 b & W Rt 45 5 42 8 1
WS e B A K 22 Sk (36 3) 5 R B LU 4
J& Sb & i f . HOR As Hg il Pb, 5 {IK & Cd,
X5 SRR PR T TSR A R
T XEFTH S A S WA NE 4B S ENA Pb
SRTEIEFLEME N M Sb.Cd, Hg  As & &t

parts of native plants /(mg * kg™ ')

i Fh A Pb Cd Sb As Hg
- 2.42  0.06 54.97 5.52  3.17

L HF F 0.54  0.08 1.37  0.28  0.22
i 3.46  1.44  79.07  2.46  0.48

- 3.54  0.98 61.83 10.36  3.00

) T 3.57 0. 24 1.41 0.18 0. 06
i 0.83  0.38 5.73  1.39  0.39

- 3.31  0.18  48.97 6.85  2.80

F AR + 1. 42 0.11 2.98 0. 62 0.58
I 3.44  1.25 26.57 5.27  0.72

It 3.62  0.24 76.03 11.44  3.50

LS F .09  0.11  4.32  1.73  0.43
Lic! 3.04  0.58 504.87 5.36  0.74

i 2.53  1.33 128.00 11.26  6.47

W F 0.14  0.31  0.92  0.26  0.09
i 1.70  0.76  15.18  0.99  0.62

- 11.73  0.53 363.67 17.83  4.07

Mk T 0.25 0.15 1.35  0.40  0.16
R 2.56  0.63  68.40 2.92  0.81

- 7.75 129 4175 17.41  1.57

Ft 4 51 F .20 1.83 10.40 1.67  0.32
it 5.80  2.19 1891 7.55  1.16

- 22,96 1.29 119.23 17.73  2.68

e A + 2.94 0. 22 6. 37 0. 33 0.08
L] 11.72  0.68 21.24 9.17  1.06
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M BCF>1 B, [ B AR Y0 5 42 JB T R 1 & 4
feiak, P LIMEN I ESRBEEEY . 1 0.5<
BCF<1 i}, /Rl P 0 5 42 J8 OC A — 5 1 W IR g
IMESERE T 55, 8 Fh & W Bl x) B 42 J8 As. Hg.
Pb.Cd.Sb ot R EERR NI AR (K O, Hph.8 S +
R Cd #1 Hg 19 BCF BT 1. %F Sb iy BCF>1
FAARS A i TR T (3. 22) VAR (1. 54) JHIA (2. 13) .44
R (1.16) ;0. 5<<BCF<1 By # Fh A L HL A (0. 98)
90, 68) . KM= 0i(0.51), 8 F S LR FPxT As (19

BCF #/hTF 1,0. 5<<BCF<1 R R4 B R 2L (0. 55) .
FIAR 0. 81) K B (0. 76) , K I 11 (0. 92), Pb (1
BCF>1 (i F HAAH 44 (1. 05) , AR 7 #h & LR Fb
%f Pb ) BCF ¥/NF 0.5, £5 F o] AL Mgt 4 Fp
%)@ 0% Cd.Sb.Hg.Pb ¥4 R38R 1) & 468 11 . M IR
A AR B I =BT E (Cd. Sb, He) 45 R 5 1)
AR ML B A RER R K L o
PIFPICER (Cd He) 1Y & 42 58 1 #5058 TR L AE X 6 X
15 75 b B 4 15 YL R AT A B A8 A2 L T B R e 4
AE TR AR R B P A R TR

R4 2IMMNECEREERUNEERY

Table 4 Heavy metal enrichment coefficients and transport coefficients of native plants

- Pb Cd Sh As Hg
BCF TF BCF TF BCF TF BCF TF BCF TF
L HAE 0.21 0. 86 1.65 0.10 0.98 0.71 0.22 2. 36 1.55 7.06
FERE 0.26 8.57 1.17 3.21 0.48 11. 04 0.48 7.58 1.26 7.85
T 0.17 1.38 1. 40 0.19 0.68 1. 96 0.21 1.42 1.34 4. 69
s 0.25 1.55 1.07 0. 60 3.22 0.16 0.55 2. 46 1. 44 5.31
%) 0.14 1.57 2. 20 2.16 1.54 8. 49 0.42 11. 64 2.71 10. 58
A 0.48 4. 68 1.42 0. 52 2.13 5.34 0.81 6. 24 1.43 5.22
K4 1 0. 49 1.54 4.53 1. 42 0.51 2.76 0.92 2.53 3.10 1.63
o 1. 05 2.21 2.25 2.22 1. 16 5.91 0.76 1. 97 3. 66 2. 60

2 TF>1 6, Ud AR ) B 0 W0 1Y) 3 43 3 4
J@ JCFE A 2 Hh L ER 4y A AT E A R 0 OR
MOTF<1 i, 6 B AR 9 FE W ) 3 4 TR G 7% 3
WamEhEs AN TESEMREM. SMS L
Pt i 4 J8 As.Hg.Pb.Cd.Sb 144328 68 11 A #
KRESFEGE DO, L, 8 LR FxE As fl Hg 1)
TFHRT 1, BEREEFQO.86)4, HAE 7/ S LR
Fixt Pb i) TF #KF 1. Cd 9 TF>1 B A FE
(3. 21) JHBARE (2. 16) (R4 0T (1. 42) AR (2. 22)
Br-E B A 0. 7D R BR E (0. 16) 4F, Hi4x 6 Ff & £
PR Sh g TF ¥ RKF 1, SR E .8 Fl & 4
Fix E4x J ot & As.Hg.Pb.Sb i3z ¥ fig J1 5k, K
AL A AR R AX Cd g TF /T 1,
L HA IR Sh 1y TF /NF 1, L HEA&FX Pb 1
TF/NTF 1.

3 it

W A8 Ve KT T DAy v R R B B X T A X
RS AE BB E — R E AR B £ L Tl
AR OUE DR S 3 b Y G R A R
i T 3 R A A IR S T g 45 2 M s R A
7R B AR TR A L A0 ] f R ARl AR 7 R
PIEH K — R A X KL

XIESEHL 8 Fh & A0 A S FOAR B - S 1 T 4 s 5 4
Zi o B Al A AR B 3R AR A As Hg Pb.Cd,
Sh M E G E IR . AU R M & /ol r, X £
FEEH IR T AR PR, 3 2 R AR PR £
B G R S AR R T e g E A2 Sb.Cd.
[l if 4 L He o As . Pb (92 & 7544 {H Pb i5 J R
i [ ¢ A 4 7 e IRV B 1 6L s T 8 ol & - R A AR P
e Cd & i 2y i [ 58 4 8 95 e KU 9 2 (R F 42
[+ e SR (R, Sb % 18z B o 4 [ R
5 DR AT BE R B A A A6 [ AR B 5 v K
e EouF B AR A R0 T H
DN SN

Pb {EAEY) A ) & i — R 0. 1~41. 7 mg/ke,
AT R 8 A b A A T 35 B 2 7 IE 1
(R 3D, 3 1h T IR 5 4 - 3 v Y 5 ARG AR B
e S PR A [ R S e KU T B (. 8
AR Cd & & (R 3) @i YR N IE# (6. K
M gt i) Cd & i dw i i IR 3 {19 35. 4 ffF . X
SRPR 3 Cd 75 e o ™ E A 5% B A A P A
52 PR E e R ) Cd ST R & Sk . Sh AR AE
Yy iy A TC A » DR G 7 3 v 1 3 A% PR ARG ] o
SRR TR A R N B U BE IS E 150 mg/ke I
ESQORiER7/Naala st o (o E N O P S SR R RN R



. 82

A4 R GEHER ) (http://ysyl. bgrimm. cn)

2021 4F%6 3 1

B GR DIPLR  HAHIA Sb S IkF 433. 42 me/kg,
IR Sb 5 fHiA F) 585. 22 mg/keg. BILR X 2
B T B EAE .

M A A X R 4 R i R BL D 43 3
PSR, RV A Y RS [ AR R R T A BT ST SR
LR BB L R ) i T R Al AR AR X
Hg.Cd 1 Sb B & £ R MY RT 1. Xt Pb.Hg.
Cd 1 Sb 1 & & R BIIRT 1o MR AR X Bl
R IUR ML RLONT LAY As Hg Pb,
Sb WM RO T 1.8 3 ol -3 b i 4w
TUE . [l bR e B RE D AR . R R AR TR
] FHURA o, X Heg .Cd Al Sb i1 & 4R REER R T
LX) Cd 1 Sb MHEB R BNT 1. EERIUR T
ZERBUEMRES, 7 B He R Re s, £ H
B FERS AR AR e T He Cd WA 42 T
REERBONT 1R —5E 1 5 4 8 Wi AE
(SO < J JC R A I B X b TS e e E Y
SUSTENCE S VIE B

4 %

DS KL BT XK 3 57 B A [
PR ) A Jm e B T e o B LR S e e O
N IRCE T i R

)RR M X Hg Cd F1 Sb R 8 th B 19 &=
ERE ST AT Pb.Hg Cd Al Sb 2 B H 4 5 (1 &
LEBE T A B 5 R X As . Hg Pb.Cd.Sb fF7E 8¢k
YA He )1 MR XS As,Hg Pb.Sb 1775 £ 5% 7 Bk
73590y & e RV s m R X Hg Cd.Sb R B
BRI E A RE T (H X Cd. S W R RE 135 . R
TR S PR AR A L B L REAR L R R R K i g T
Xf Hg Cd RIA BB S ERE S A 2N ES
e W i e

DR XK 7 b T 4 IR V5 Y 1R B0 AR A
42 8 1 R ISCRFAE e R A & T AR R AR AR A W A
A A A T SR, AT DR RS B
SR IX e P . b B RER AR AR
DUIE A VB A AR A A ol s T TR 58 PR A3 i 1% b X2
Y ZrebE g LI E AR B .
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