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Heavy metal absorption and enrichment characteristics of dominant weed species
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Abstract: The aim of this research was to provide reference data for the remediation of sites contaminated by
heavy metals in Guizhou Province, a mountain-and-hill area. The heavy metal absorption and enrichment char-
acteristics of 12 dominant weeds naturally growing in farmland in northern Guizhou and their root soils were
analyzed. The weeds were sampled from the field, and the soils were analyzed to determine the background
concentrations of heavy metals. The quality of the soil environment with reference to heavy metal pollution was
judged against the Agricultural Environment Quality Evaluation Standards, and on the basis of the single factor

pollution index and the Nemerow pollution index. The bioconcentration factor and transfer factor were calculat-
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ed to evaluate the enrichment characteristics of the dominant weeds. The soil had single factor pollution indexes
for Cu, Zn, Cd, and Pb ranging from 0. 30 to 1. 71 and a Nemerow comprehensive pollution index of 1. 31.
Therefore, the soil was judged as lightly polluted, and Cd was the main contributor. The dominant weeds in
the study area were Acalypha australis, Solanum nigrum , Artemisia argyi, Lapsana apogonoides, Digitaria
sanguinalis, Abelmoschus esculentus , Viola verecunda » Amaranthus spinosus , Gynura crepidioides , Youngia
heterophylla, Clinopodium chinensis, and Allium fistulosum. The ranges of heavy metal contents in these
weeds were as follows: Cu, 42.15—110. 27 mg/kg; Zn, 35.89—157. 87 mg/kg; Cd, 0.29—6.08 mg/kg; and
Pb, 2.99—37.19 mg/kg. These values were within the normal range and were not indicative of hyperaccumu-
lating plants. The bioconcentration factors and transfer factors were greater than 1 in A. australis, A. esculen-
tus, and G. crepidioides for Cu, Zn, and Cd; in L. apogonoides for Cu and Zn, and in V. verecunda, A. spi-
nosus, and Y. heterophylla for Cd. These species showed some characteristics of hyperaccumulation plants.
The contents of heavy metals in lightly polluted farmland soil did not significantly affect the heavy metals con-
tents in weeds. The absorption of Pb by the roots of weeds promoted Pb accumulation. In conclusion, the con-
tents of heavy metals in the dominant weeds were in the normal range, but some dominant weeds possessed some
important characteristics of hyperaccumulation plants, and have the potential to be hyperaccumulation plants.

Key words: farmland of Northern Guizhou; dominant weed plants; heavy metal; enrichment characteristics

Bl A 3R N S LA A I AR S 22— R R A = I el . YA, 3R B T A JE IS Y Bk ) 4 B
Huf 1/6 BRAEAT 1200 J7 ¢ AR BB T5 4ot o R e AR 7™ 0 T 4 TR T G e MR R FE T S I T AL SR A,
5t N R T b BR A 2 ORI A 25 P 5T G 55 1) 0T R AR IR AR A X3, A2 1L X 2 25 W R AR B B T b T i g R Ry
ARG Z R E A5 WAL 3R T A R AR (R s U Cd™ . O G W SR+ e 4 R
FRELGS AR AT R AR R 29 4F 50 2k R RTS YUOIRAE Y . ME & R AE Ry — R R AR 1 &t
SRR AR IEEPE &R . Horp, 24 5 HAT AR 98 19 38 L 1 A= i ) R AR R T . HRCRE T L (L RT B B 4
J B R i e A RS NI A AT RE R B BB E Y . NI R R R H X R 2 A
KRN ZE AR I T L A X B 2% o T 4 AR AR A WF S AR L TR R 08 2 TR K i 3R X B
M7 R X AP A BE ., AR LA AN E SR &R, MR ERX HIENE SRS
Sty DAY 48 2 M, X 2% 0] T 4 S ) R A R AR L R B N 4 S Y A b 30 AR A8 SR S CRVE ) 5 &
A EAE — e /E) i & SR ) i T e 42 it 2 25 BT R,

1 #R5FE
1.1 H#RRELHALE

A X T 4 B %15 Y (Cd P, Cu 1 Zn 43 5K 0. 41.56. 44.49. 11 H1 60. 20 mg/kg) . F
2015 4F 10 H B — P HUEHE b E 77 B 5T (N 27, 733374°,E 106. 297149°, 14K : 894. 0 m) ., X3 HbIE & 2%, BLIX
BN 1. 34 hm? LRIt s, F—ZFpE £ 2K (Zea mays) RN —4E AF BT E K G508 54 90 m? X iF#
KA B 2 FER 28 (AR SRR AT 12 A7 2 50D L B A SRR DX 5] SR A 15 Bk /B, 43 Dy b b 35 40 F0 1 T 345 43
HIRA A o LR (Artemisia argyi) BRUARFBAN /N ME LU 280t 20 8 OB BRIEAT T & 8 W . 80RO [
& TEAH I 2% AR FR A 3 &S SRR IR AN A R R ORGSR ik AR R Y 1 kg IR RN 1
M
1.2 HHHL LH5H

FE b & e e, T 2015 AF 11 H 3475 9 40 B - AT o P AR08 30 ik o e P A ol R 7 R D 0 T A T A A
w8 A ICP—MS il & , W #5845 4 : Cu.Zn.Cd il Pb,

1.3 FHArfES 7%k
1.3.1  +3EES Rk DL BN 2 8 S OB A AR 7= 7 M 3R BT R A AR o) HI /T 332-
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2006 R bR 43 BIR F B 115 Y B0 (PO IE R I ARG B 25 515 e 38 B0 (D b AT R & R T Y or .
JEmE
Pi=C/S; (D
S Py S ) R TR T AR B COR IS g ¢ BSEI 5 S RS e i P BRfE . me ke
I:N/Pmmx%(;/nZP[)Z
ST e P 0 DR 15 St I AR (850 Ay VAR o T 3. R TS O A A LR 1

(2)

F1 NEFFREHTENRE

Table 1 Index of Nemerow and classification of pollution degree

o3 P; I 15 YL 42 2% Pollution degree 75 4% 7K SF Pollution level
1 P, <1 1<<0.7 24> Safety Wi it The soil is clean
2 P, <1 0. 7<<I<1 R Alert level % %57 The soil is still clean
3 1<<P,<<2 1<<I<<2 24075 Ye Slightly polluted - IEVEY) 5% BN 5% B 15 Y Soil and crops are slightly polluted
4 2<<P;<_3 2<I1<3 i3 5 Yt Moderately polluted +EAEY) 572 ) V5 Y4 Soil and crops are moderately polluted
5 3<P; 31 H 54 Heavy polluted + EEAEY) 52 $) E JF 75 Y% Soil and crops are heavily polluted
1.3.2 JRRXE G R E A LA G Y A RE ) AR B R 4 R B (bioconcentration factors, fi] 5

BCE) Fll A ¥ 55 # 2 %% (translocation factor, fiifk T YN E4 BN EERZB(BCH) =# P ELIR ( &
W/ PP ESR SEEYNESBNESERB(TEH =t EH oM ESE S8/ TN ESE 9%
1.4 KIEHBELEL 5 H

K H Excel [DPS 7. 05 Fl SPSS 19 %t $4i #4748 11 5 5047

2 HZREHH

2.1 Z¥ERRXEREEFLELF

WA X+ Cu.Zn.Cd fl Pb By & 84> B4 45. 33.75. 96.0. 51.32. 73 mg/kg. X} HR & )N 4 + 3 75 &=
™7, Cu #BF% 0. 42 £5.,Zn.Cd il Pb K #lh5.4 FE 4B ICEMA R RZECN 12.89% ~29. 14% . IKHECE L
il 77 PRI T P AR U ), 13 Cd(Peg=1. 7D Y B T35 Y38 B0 K. HiAy 3 Fh & @ i A/ T 1, 0 - 5
N2 Cd R BE s e s i N B 42 Vs e F8 5078 . T=1. 31 £ IR MR X +HECL 52 4 FP 4 )8 45 4 75 YL (W 4% B
T g, 4 P 4 )8 15 Y TR Il Cd>Cu>Pb>Zn(5k 2),

R2 REIFEEESERFTRBERAGITR(n=12)

Table 2 Heavy metal contents and pollution conditions of root zone soil (n=12)

gt FlEREH| B {E 5 5 R B L FHE HJ/T 332-2006 DT YA AL PAHEE 2545 15 Y PR 5L
i H Range Average CV  Guizhou background values of Single factor pollution Nemero comprehensive
Ttem (mg/kg) (mg/kg) %) heavy metals (mg/kg) index (P;) pollution index (I)
pH 6.78~7.11 6.94+0. 10 1. 40 — - — -

Cu 28.62~54.55 45.3349.57 21.12 0. 66 100 0. 45

Zn 60.25~93.90 75.96410.55 12. 89 32.00 250 0. 30 1.31

Cd 0.38~0.62 0.5140.09 16. 94 35. 20 0.3 1.71

Pb 24.55~52.93 32.73%9.54 29.14 99. 50 80 0.41

2.2 ARHKELESE
220 JREMA I KB A IR A K (Acalypha australis) T3 (Solanum nig-
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rum) S FEH#ESE (Lapsana apogonoides) . 5y JE B (Digitaria sanguinalis) 85 Bk 28 (Abelmoschus esculentus) |
3% (Viola verecunda) B W 3 (Amaranthus spinosus) \ 345 3% (Gynura crepidioides) . 55 % % 3% (Youngia
heterophylia) . JRFEEF (Clinopodium chinensis) FIE 2 (Allium fistulosum ), XEEIRFH N LM E A1 £ + 4
W, e S RSB A I e R S R AL BERS AR 48 I 2 M A AR AR ER A L R 2 M R 4 R 18 R 4R B A R A A i
fiith

2.2.2 FREEGR G % R o) T 4 JAR 1 WA PR A e 2 LR A M i 4 SR S R 1 AN (R T AE AR — 1 25 e (3R
3, 12 fpZeEih EFR 4y Cu.Zn.Cd 1 Pb B9 &0 Bl 4> 9 5 14. 74 ~84. 73 mg/kg.14. 48~131. 37 mg/kg.
0.16~5.13 mg/kg Fl1.87~20. 39 mg/kg. # T~ #B4 Cu,Zn,Cd 1 Pb Ay & 875 B 4 %] A 20. 08 ~ 45, 82
mg/kg.10.82~46.12 mg/kg.0. 13~1. 08 mg/kg 0. 58~16.80 mg/kg. HuiEEZ MW EIEW I, K IWLA X
Fe FUE G Jm i AR TE R, A BE R G A L i i & e A R T — O W B AT AN A Cu,
Zn.Cd #1 Pb (Y IEH & &4 9~ 0. 4~45. 8 mg/kg., 1~160 mg/kg. 0.2~3.0 mg/kg fl 0. 1~41. 7 mg/kg!**’,

x3 RZEEKESESE

Table 3 Heavy metal contents of weeds mg/kg

Cu Zn Cd Pb

b5 R RS> b5 R A b5 R A by R ER Ay

Aboveground Root Aboveground Root Aboveground Root Aboveground Root
parts parts parts parts
BRI A, australis 22.07+ 20. 08+ 72,73+ 36. 82+ 1. 20+ 1. 00+ 4,06+ 0.58+
1. 90iH 2.06eE 4.38cC 2.01bB 0.17¢CD 0.13abAB 0. 20eDE 0.03gF
3% S. nigrum 84.73+ 25,54+ 131. 37+ 26,50+ 5.13+ 0.95+ 4,54+ 0.75+
2.12aA 0. 86dCD 2.17aA 2.87¢dC 0.56aA 0.09bAB 0. 30dCD 0. 06fgF
WE A argyi 45. 64+ - 35.89+ — 0.58+ — 12.59+ -
0.27eD 0.21gG 0. 02dEF 0.53bB
FERESE L. apogonoides 51,11+ 21.27+ 81.48+ 44,29+ 0.26+ 0.17+ 2.51+ 0.58+
1.02dC 1. 11eE 1.11bB 1. 86aA 0. 03efF 0.02¢fE 0. 13gFG 0.02gF
L ER D. sanguinalis  25.72+ 30,40+ 55,134+ 24,23+ 0.23+ 0.98+ 2,00+ 3.48+
1. 01hFG 0. 05bcB 2.96eE 2.33¢E 0. 03efF 0.01abAB 0. 19hiGH 0. 26dD
HRKIE A, esculentus 61.99+ 21. 42+ 77.95+ 26,45+ 0.82+ 0.35+ 20,39+ 16. 80+
1.02bB 0. 69eDE 2. 35bBC 4.15¢dC 0. 10dDE 0.05dCD 0. 26aA 0.51aA
HE V. verecunda 26. 86+ 45,82+ 42. 34+ 44,13+ 1.20+ 0.91+ 4,16+ 8.17+
1. 33ghFG 1. 40aA 2. 14fF 0.63aA 0. 04cCD 0.02bB 0. 06deDE 0.23bB
W HE3E AL spinosus 30. 12+ 20. 684+ 65. 284+ 27.70% 0.53% 0.25+ 1.87+ 1.12+
1. 18{E 3.07e¢E 0.10dD 0.99¢C 0. 09deEF 0. 03deDE 0. 10iH 0. 09fF
WK G. crepidioides 59. 66+ 43.99+ 65. 30+ 46,12+ 2.93+ 1.08+ 5.024+ 4. 62+
1.03cB 2.95aA 0.98dD 2.06aA 0.19bB 0.05aA 0.02cC 0.19¢C
LA 28.10+ 28,73+ 51. 384+ 24,10+ 1.38+ 0.47+ 2,37+ 3.34+
Y. heterophylla 1. 05fgEF 2. 95dE 4.58cE 0.93eE 0. 14cC 0.10cC 0.17ghFGH 0.26dD
WEEE C. chinensis 14. 744+ 31.90+ 36. 20+ 10. 82+ 0.234 0.144 3.604 2,45+
0. 04j1 0.17bB 0.20gG 0. 44eD 0. 03efF 0. 03fE 0. 26{E 0. 10eE
WAL A, fistulosum 25.26+ 20. 88+ 14. 48+ 23.78+ 0.16+ 0.13+ 2,66+ 0.58+
0. 18hG 0.02¢E 0.45hH 0.17dC 0. 02fF 0. 02{E 0. 26gF 0. 26gF

TEAF/NG FRERRTE 0. 05 K225 B 3#E s AR KRS FRERIRTE 0. 01 KT 28 il .35
Note: Different lowercase letters (capital letters) within the same column indicate significant difference (P<C0. 05) and very significant differences

(P<C0.01).
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I A L BR R TE SR AR S Cu & BN IE AN AR Y S Cu &k B H 0~1. 41 £, S H
A 11 FpeRExt Cu B — @ i BB Ty s S AR A2 A Cd & B IEF SR 0. 33~1. 02 i W] B 1 xF Cd
HA —Er RS . AU R B2 R Cd B REEY Y AR A WA A 25 1 R K& iR A A 38 & £ 4r
. 2 6.08 mg/kg, Al g2 HIEHESE Cd AR, B2 Cd i1y RPUR X B BB Y KT, i H A 24
FARN Pb.Zn,Cu F1 Cd () 7 S 7E 5 W E A RV AT Z A5 A SR 1S N e T IR R R EAE
2.3 RFTEBEEHIE

2.3.1 EERE  AFEAYNE SRR E SR8 RIE A A E W4 BCRE )R ) A LA R T A R O E R
P8 R A 1R b R A% L A 2 0K D B 0 4 ) RS RS O HLOK R AR . R 4 AT, 12
FpZgdxt 4 FhE SR NS £ AR RES  Hd X Cu iy BCF>1 A5 20828 B 28 3R REAE S i |
WRKSE S AR S A 3E L A0 1.31.2.30,1. 59,1, 88,1, 03,1.57,1.37.2. 33 #l 1. 68; % Zn 1§ BCF
=1 A B0  JE 28 R M SR B RKE VSRR A Sk 23 o 1. 27,2.39,1. 76,1, 22, 1. 16 I 1. 58; X% Cd Y
BCF>1 WA 800 3% e 3% 30 1 JE AL BERK % L 0 I 000 i SR S I 9 3%, 40 IR 4. 94,13, 94,1, 53,
1.96.2.00,3.65.1.37.7. 68 F1 3. 94; FF A 2«5 %t Pb () BCF #/8F 1,25 0. 10~0. 85, Ui B 12 FhZeH % Pb i &
RBEELSS . LR 12 R AT 4 FhEE 4G s 19 BCF, MR Ui R ARBE J7 A b 25 = Hh il 38 = Bk 00 3 = S it B0 S > B3¢
= HRK 5 > 3 > R > S B S > AU > B A

R4 REXNITESENEERRESD

Table 4 Enrichment of 4 heavy metals in weeds

B Z %1 Bioconcentration factors (BCF) #: 8% Z2 8 Translocation factor (TF)
Z B Weed

Cu Zn Cd Pb Cu Zn Cd Pb
B3 A, australis 1.31 1.27 4,94 0.16 1.10 1.98 1.20 6. 96
W& S. nigrum 2.30 2.39 13.94 0.15 3.32 4.95 5.41 6.08
YE A argyi 1.59 0. 60 1.53 0.51 — — — —
TR L. apogonoides 1.88 1.76 0.74 0.11 2.40 1. 84 1.57 4. 36
LR D, sanguinalis 1.03 0. 95 1. 96 0.10 0. 85 2.28 0.24 0.57
HWRZE A, esculentus 1.57 1.22 2.00 0. 85 2.89 2.95 2.31 1.21
HIE V. wverecunda 1. 37 1.16 3.65 0.27 0.59 0.96 1.32 0.51
B3 A, spinosus 0.96 0.99 1.37 0.11 1. 46 2.36 2.13 1.67
A G, crepidioides 2.33 1.58 7.68 0. 34 1. 36 1.42 2.72 1.09
S B Y. heterophylla 1. 68 0.95 3.94 0.22 0.98 2.13 2.93 0.71
KHEEHE C. chinensis 0. 86 0.77 0.94 0.21 0.46 3.35 1.67 1.47
PR A, fistulosum 0.90 0.48 0.48 0.12 1.21 0.61 1.22 4.55

2.3.2 HBAR AW TF BUEY 2 S R S JE i RE 0 TE BR 3R IR Y X 5 4 i P BsR .
TE>1, GBI YRR 4 N 340 10 T 4 B s R B B F 3840 DT g R B IS RARE 4 s i TF<<1. 4854
US/INEE S JE B R AL BE LR T A 0 4 R e B B Ay . B ER A AR LT CulBREE
TS S R SR KU R TE<1 Ah LM AR Y TF 8K T 1 R 2 e 2835 3. 32 % T Zn, BR &SR
A TF<1 5, HAUAEY) 1 TF &R T 1, fem 92 Je 28,3k 4. 955 % T CdL B SR F iy TF<<1 4b, HA AL 9
1 TF # KT 1. de i ik & e 28 .38 5. 4150 T Ph, BR 5 L EE SR S5 i 049 3 40, ORI TF #R T 1, 5
YRR T2 38 6. 96, JE LWLk 6. 08, DLW 12 T e BEX) i 4 Jm B A ORI RS BE ) 0 55 ROl e 3 > gk
3 > T e 3 = BBk 35 = HF 0 5 > I 28 > XU B > S R SR > i SR > B R R S
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204 2ELHIRFTLELETHNXE

Xf 12 Fp g BN ERAL T 4 )8 i 5 R R A AR O AT A DG A AT (3R 5D L b bR Ay FAR I R 4 )8
Eri SR R G R VR O] WA G OC R L E I AR B AR A SRR PRy i A A DG
Vb B2 T Y - b (W 4 R O R A R N T 4 R B 0 B S e 4 BOARER XS Ph ) IR CRE £ 2E b B AR X Pb
LR,

RS RAESRRIBESEMRAERBEHEDBIECETRNBEXSN

Table 5 Correlation analysis of heavy metal contents

L ot X £ Root-zone soil 149 B it AR Root

Plant parts Cu Zn Cd Ph Plant parts Cu Zn Cd Pb
Hb B Aboveground parts —0.063 0.025 —0.285 0.189  Hi k¥ Aboveground parts  —0.034  0.214 0.582  0.890*~
#E#B Root 0.209 0.055 —0.072  0.554

T x x 78 0. 01 ZKF- COUID Bk S 35 A 5

Note: * * indicates very significant differences (P<C0.01).

3 itig

SN X, T AR RO AR S S R B R 5 AT RE B R A L A R
A 4 PP E G R NS LR A T9 PR B R R R is e o Cd xS Qe ikl K. R AR RHZE T & F
BT AR 2 AR FRAE AR B R A B 1 AS G B 7R K Ok T BE 2 5 B0OH 5 5 gL L I DAL E 0N 2R g xt
B 1 15 4 I AR R

ABESEAR WL BCE>1 i TF>1 (1, BB MY RE % = AL H A8 JF HoRr s T 838 - i i e R ¥ 2 -
F 43 T AT RAAE R Y BBUK i 5 4 )8 . A7 & X MR AR (A ) ol & SR R A . ARAF SR 45 R %) Cu iy BCF>1
U TE>1 WA B3 e 25 R S8 B SE R A8 s 4 Zn 1) BCF>1 Fl TE>1 (94 8003 8 25 (R bE 32
FREE R A 3% s % Cd (9 BCF>1 fl TE>1 fA £k 3 e 9% (BB E VHE30 BP0 30 e an SR A S M 3 498, 2 111
AT A & LR W RAE A BT E SR & BT B EEY AR (CuZn, Cd A1 Pb 435124 1000,
10000,100 A1 1000 mg/kg""*) , Xf F A4 FE A 28 T & H AL bR L BCE>1 1 TE>1 R i HI bR S 8 2% 18
4 T A VR S R VR P T A S R T S I SR o AL 0 I R A R T A2 B S R

A X T 4 R A AT BB B 12 P AR R RN 4R A i AR A B S I A R R 2
P 4 R TS Y B 2 0 T RE T L R A DX P AR K R 2 S A ) R AR KRR TS Y R A A T Al 2
MR R BR IR A Y RN M A B OE T S A R A AR L (RS A R A T R
fE B4 BB E TRDEA —E8h, N ELSENE LRSS G L5 E SR & & 08w o &
AR — 2T .

T

(DA X 43 Cd 1y 5735 e s Bl ok, 10 71, HoAth 3 AT 46 i 53 IR 795 Y48 BGIE HL Ry 0. 30~0. 45,
FU PR A X3k U Z Cd RV Y. A% Pb Cu fll Zn {5 5% WHE D Z5 B T5 G 45 500 1. 31, JA & X Ik £ 1 4
it B 45 J 255 05 Y 1 A8 B 0 YooK -

()P XN A K PR B, B BREE J2E 3O e\ T R o BB VR VIR R R
I B 3 L XS B R 20 AR ) Cu Zn Cd F1 Pb (4% &0 [l 43 | oy 42, 15~110. 27 mg/kg. 35.89~157. 87
mg/kg, 0.29~6.08 mg/kg Fl 2. 99~37. 19 mg/ke. J& — ALY 1E 5 & 5 Hl L 2R 0K B 5 B YIKF-.

(BRI BB iAo R VP S R R S LA B R A BT .

(5875 Ye B b 398 vh 1) T 4 J 5 80 2% FOUR P T 4 4 B G I R A2 L {H 2 FOAR R X Pb A I RE i 1 Hb
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