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W, WERETER. M. KBERARHEY
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FEr it FH A AU FNRS AT A0 H T S kb SR A . B
PR ITR, RS IR SR, GE
LI ERLER, BESRMUE IR E, RE SRR
Rk L

Paipil,, X2 FHLEELEBEI®, B
(Cd) FIfE (Pb) s 1 AT £ 75 e
LIRS T (R, RN T AR A R AR
S5+ ELESEMAEYA BTG, i)
SRRV L 4R S 0T e R 3R A A g 2 A
SO R AR R BRI X,
SRR AR LB TR () v REME . U148 B Ll N
BB AMERX P, B, ABFRTEY
iR BN ) 28 25 2 BE VR 0 L0 L AR BR . AP AN
Y REE M A A HLAE,, MEPL. K (Hg) . fil
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9 RE R 22 PR PEAY o
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1.1 RXEER
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REMHIXZ—, T—9H LEF LAY R R,
1.2 #H#RFEESNE

20164F8 71, M4 28 25 0% 22 76 it Ll M 1Y 43 A AR
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TR DX, RS, SREE42 2R
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MSE s RS As T H R R IR S AL 42 ;. +
HEAR A PO MICAR FHDTPA (pH=6.5) /Ehf% (pH
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Table 1 Basic information of the sampling sites
(VA= HEE1d pH R ik
Locations Altitude (m) Soil texture Remarks
2>7< H-Huidong County i ~ Bl A i (Farmland, n=1). A #%il
(102°13"~ 103°3'E, 1840 ~2 130 7.04 ~8.26 Clay loam ~ Sandy (Road side, n=1). Mt (Forest
26°12" ~26°55'N) clay land, n=1)
N N WY (Ditch side,n=2), 2%
2> F HLHuili County e ~ FhE R .
i1 (Road side, n=4). #kith (Forest
(101°52" ~ 102°38'E, 1447 ~2 150 5.23 ~8.47 Sandy loam ~ Clay
land, n=2). 4% Hi(Farmland,
26°5"~27°12'N) loam
n=3)
% B Puge County WhigE ~ BhiE A i (Farmland, n=1), #kib
(102°26" ~ 102°46'E, 1500~ 1900 5.00 ~ 8.27 Sandy loam ~ Clay (Forest land, n=1). A #i/l(Road
27°13"~27°30'N) loam side, n=1)
T B Ningnan County .
TR~ B4 N (Road side, n=5). /KN
(102°27" ~ 102°55'E, 930 ~1 300 7.85~8.40
Loam ~ Clay (Reservoir side, n=1)
26°50" ~27°18'N)
HHb (Grass land, n=1). #Hh
P4 & 1i Xichang City ——— (Forest land, n=2), 4% (Ditch
174 ~ o
(101°46" ~ 102°25'E, 1500 ~1 590 7.74 ~ 8.42 side, n=1). #k{#5% (Beside the
Sandy loam ~ Loam L
27°32' ~28°10'N) railway, n=1), EHHF T (Under
the high speed bridge, n=1)
P25 (Abandoned land, n=1) .
% 7 H-Mianning County N N (Road side, n=1), i +#H"
b+ ~ Bl . -
(101°38"~ 102°25'E, 1 600~1 750 7.54 ~8.27 [X(Rare earth mining area, n=1).
Sand ~ Clay loam -
28°05' ~29°02'N) TBEH X (Area near Pb-Zn mine,
n=1)
N N T (River side, n=1). A&
755 H-Dechang County b ~ Fh _
(Road side, n=6). #kih (Forest
(101°54" ~ 102°29'E, 1175~1480 5.12~8.20 Sandy loam ~ Clay

27°05' ~ 27°36'N)

loam

land, n=1). JEFHEML) (Waste

cinder yard, n=1)

1.3 HEaE

el FEFZHEAR, LEEGRaE

FHExcel 2010 HISPSS19.0 317 KA 5 Fi 45 i
SR, ZEECRHEBE/NEEZS (LSD) %, &
FIK R E Np<0.05,

W4 B E % 2480 ( Enrichment coefficient ) fE
BT I WA )% T 4 R AR B ) R AR Bl R R
ryug s, HatE AT .

- L YRR ES RS &

TR A ) e ek

2 4 R

21 FUMEEZZF=#HHWIIESEREEE

IRATE (%2) . Pb. Cr. Cd. AsFIHgH 2 g
(mg kg™') 4391°MN9.55~ 1474, 6.96 ~456.9 .
0.00 ~25.19, 2.36 ~22.72F10.00 ~ 1.90, P&
i (mg kg™') 230 A73.45, 57.27. 1.90, 8.78
M0.32, R RE (%) 44518305.9. 118.7.
266.8. 51.74%199.99,

PO . IR HCES E 4 R B IE  [) i
(#%2) . DTPA/HCHEHUSPOFICA ., NaHCO,#2Ht
AAsflHg, VIKMNHACHEACHZSTE (mg k™)
73 9°40.00 ~ 42.86 . 0.000 ~ 6.575, 0.067 ~0.673 .
0.000 0 ~ 0.159 3710.003 7 ~ 0.053 2, ¥ & (mg
kg™') 40 A4.424 . 0.459, 0.263. 0.028 9F10.019
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1, BRAR (%) 55 H166.7, 229, 53.09, 108.4%174.93
K2 HHWTESEESE

Table 2 Heavy metal contents in soil relative to sampling site

iRl IS 0 H A 5 R AL
Heavy metals Forms Ranges (mg kg™") Means (mg kg™ CV (%)
Pb 41 Total 9.55~1474 73.45 305.9
DTPA/HCIHZH DTPA/HCl-extracted 0.00 ~ 42.86 4.424 166.7
Cr 41 Total 6.96 ~ 456.9 57.27 118.7
it B2 2 H2 IUNH, O A c-extracted 0.003 7 ~0.053 2 0.019 1 74.93
cd 41 Total 0.00 ~25.19 1.9 266.8
DTPA/HCHEHUDTPA/HCl-extracted 0.000 ~ 6.575 0.459 229
As 41 Total 2.36~22.72 8.78 51.74
TR IR E AN IR BUNaHCO;-extracted 0.067 ~0.673 0.263 53.09
Hg 47 Total 0.00 ~1.90 0.32 99.99
BR IR E AN IR BUNaHCO;-extracted 0.000 0~0.159 3 0.028 9 108.4

22 EEFZNEEES=E. PHFARNER
FIFU, ERFEZHEEARN, HkESR
FRINRFE: HERBERGFSEE (ng kg™')
A9 H14.17 (Cr) >4.55 (Pb) >1.47 (Cd)
>0.167 (As) >0.021 (Hg) , XNAMH (mg
kg™"') H1.01 ~86.01, 0.48~15.30, 0.19~6.57,
0.015~0.495F10.000 ~ 0.054, ZFFRZE (%)

2.144% ~3.58f% (As) . 1.80f% ~2.73f% (Hg) .
AN, CrMAsTEMR R &imfm; Pb, CdilHg
R N E iR (R3) .

5 12FP S8 A Py (- (AR b, SRR R
4 I P iR R AR R B0 S 2 1 A R A B IR Tk
ML F4BIEAEY (£4) o Hrp, SLZXF41Pb,
Cr. Cd. AsFfHg® &5 T AR T8, 4.

NiA121.21, 87.75., 89.75. 71.87F158.27 (%
3) 5

FERZEFE XD, KESE TR (Cdf
Sh, KT, BEESRATEEES) , $HSE
JE AEAR T 2R 2.884% ~ 5.48%% (Pb) |
1.664% ~3.596% (Cr) . 1.17f% ~2.681% (Cd) Hl

7. ORIOFERITAYY, FE S R B AR T SOk
T8, 5. 5. OFISFHRITMEY . BLAP, HEZEPE XS
ELRMNEERECIER R (x=3.356) , Asifk
(x=0.022) , Cr., Pb, HgBfkF+ - F =, 4
SEZH (%) 439 M108.1 (Cd) . 37.9 (As) .
98.35 (Cr) . 88.55 (Pb) Fil118.6 (Hg) -

R3 EEF=ZR. M. EREKEEESE

Table 3 Heavy metals contents in roots, leaves, and stems and whole plants of E. adenophorum (mg kg™")

Pb Cr Cd As Hg
R Roots [l Ranges 0.58 ~6.09 4.37~52.60 0.32~1.91 0.064 ~0.807 0.000 ~ 0.059
F-H{H Means 2.99b 23.40a 1.27b 0.354a 0.025b
A RBCV (%) 58.9 78.03 45.19 74.31 78.33
It Leaves i #l Ranges 1.16 ~14.14 1.23~32.19 1.02~5.23 0.049 ~0.374 0.000 ~ 0.070
F-HJ{H Means 5.68a 10.79b 2.92a 0.212b 0.038a
A RBCV (%) 66.99 98.25 48.45 52.69 68.53
2% Stems il Ranges 0.00 ~2.02 0.38~18.63 0.26 ~1.60 0.017 ~0.264 0.000 ~0.034
SF-H4{8 Means 1.04c¢ 6.52¢ 1.09b 0.099¢ 0.014c¢
552 ZRBCV (%) 70.66 98.78 45.9 73.95 83.1
Hifk Whole plants JuFEl Ranges 0.48 ~15.30 1.01~86.01 0.19 ~6.57 0.015 ~0.495 0.000 ~ 0.054
FHIME Means 4.55 14.17 1.47 0.167 0.021
5 RECV (%) 87.75 121.21 89.75 71.87 58.27

He R, HEARNG FRRRZER T Note: In the same column, data followed by different letters are significantly
different at p<<0.05
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23 TEEEFZELESEMMEXM

BINAT UL, fERZRFEAERW T, 2AsS
Mtk EEEEFEME (71=0.528", n=42) . It
A, LHENaHCO,#EHUZA As . DTPA/HCIHEHLZAPD

MCAESEXF LM RO E B F MG, M
KRB N0.3137, 0.3376. 0.7612 ( p<0.05,
n=38~42) .

20 100¢
200 1=0.064 1x+2.556 . 1=0.436 Tx+2.871 FO%{ 3’6522»782
~ R*=0.266 6 oo R*=0.337 6* N . o
oo 15} . 215 o T5¢
o . g2 | . 52
= E 10 . .. =T 10t . ® E 501
He < L. = ji.-i < 25 .
e S5t ° g 5t . S 25} . *
§ relsd o * . * * E . S . M M b—ﬂj 0e0e® © .
a9 0 :,., l":u'. . . 0 t..": e . . . ) 0 }io" .
0 15 30 45 60 75 0 4 8 12 16 20 0 100 200 300 400 500
b ] DTPA/HCHREEZSL T3
Soil Pb (mgkg™) DTPA/HCl-extracted Pb (mg kg™) 0 Soil Cr (mgkg™)
100 -
y=—374.7x+21.33 4. _ »=0.955 2x+1.031
=~ . R=0284 1 . O ~ R=0.761 2%
%ﬁ 75 }4) ] S : o 6
£2 EY e e
£ SELT . =54
<35 ﬁu& 8 * . =~ 8
5§ 25t z 1 £2
T = e =
oLe V. e 0 - - - R 0 .
0 0.012 0.024 0.036 0.048 0.06 0 1 2 3 4 5 0 1.5 3 4.5 6 7.5
NH,OAcHREUA#% b2 £ DTPA/HCIHE B A 47
NH,OAc-extracted Cr (mg kg™) Soil Cd (mgkg™) DTPA/HCl-extracted Cd (mgkg™)
. 0.6
~ 0.06 1= 0,004 45+0.019 7 . 006 70.032 9x+0.020 1 . 3=0.014x+0.044 5
o 2 ! ’=0.084 8 T R=0.528%
iv; R*=0.118 vy (N
1 o0 0.045 . . e 0.0454 . 20451 ..
®E £E § g
= oo <. i ooy 0.03}.,° " ~ 03
z 003 % = 1y Bz
§ 0.015 ‘f.. - ) ,§ 0.015 -'.e’.,.' . E 0.15
oL . . . . , ol . . . ,
0 0.5 1 1.5 2 2.5 0 0.04 0.08 0.12 0.16 02 0 5 10 15 20 25
+ 5% NaHCO R R 2
Soil Hg (mgkg™) NaHCO, -extrected Hg (mgkg™) Soil As (mgkg™)
08 =0.269 6x+0.096 1
~ R=0313 7*
W 0.6
'M .
EY . .
®E 04
o . .’ .
=< [ B
£ 02p - -
[ . ""..' .‘.;. . .' .
0 0.15 03 045 06 0.75
NaHCO JRHA Bl
NaHCO,-extreted As (mg kg™)
Bl SEFENHELSE SR IEESE S B
Fig. 1 Relationships between E. adenophorum and soil of heavy metal content (=32 ~ 42)
24 REEZ=FHREEZERE 0.13 mg kg ™' UbAh, HEF ALK ES)E S

TERZEFEZAIES, CrMPbyREKmE, F
BBy }921.04518.15 mg kg ™', CdikzZ (x=1.71
mg kg™') , AsFIHgHAK, FHHEMKK H0.30F

wAR IR, wKRME ME/AMER2.446%5 (Pb) |
2.264% (Cr) . 2.58f% (Cd) . 1.354% (As) .
1.70f% (Hg) (%5) .
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Table 5 Heavy metals in organic manure of composted E. adenophorum(mg kg™, n=7)
Pb Cr Cd As Hg
AZIE Ranges 4.67~11.21 12.05 ~27.24 0.84~2.17 0.26 ~0.35 0.10~0.17
SIS fE + bR
Means £ SD 8.15+2.62 21.04+3.16 1.71+£0.35 0.30+0.08 0.13+£0.04
AR ZREUCV (%) 32.15 15.02 20.47 26.32 31.75
3 F L T4 R 2 BRI Y . TEIRFEHERE Y . Wt

ARWFTERBE MR ZEFE LR TR0 1
BEHE RN 21 HE 5 Y i B R DL R M
MRHL L 23 RS X R, SRR E AR
AR, H, W XEPbRICd., JE 5
W Hg . BV IX B9 PbIk B ™ H 5 Yok,
ER TR, S ARES N L EES R
i, SEIAME Y 8. SEEESE S EM
I, EEXFLMELESEEFBEK, BREAK
58.27% ~ 121.2%, Ut W] 4 HE PRI 52 1) 58 2K 0% 22
WEEE. SitahRY, EXFE2NESRESTE
544 As, DTPA/HCHERZSPbAICd, NaHCO,
RIS AsFIHg L e NH,OA e U A Crék 4 5 i 3%
IEAASE, FHEFRECHN0.3137~0.7612 (p<0.05,
n=38 ~42) , KU ATEEI . EREMY 11
WRFeas g 2 L e, 3 BRI A E 4 JE T
fFERHA SN, — B LB R AN R
MW ABEARE AR, TERT AR R T,
AR HERINCd, Zn, PbAICuZ 5, 42592
M L EARESE R, B AT IX R P
ficd, EsE7MHe . BT X IWPhIE & T Bk
SEXE, TSRV L N E AR & AT A
L, 7EARSEMET, S22 WICE 48 AR+
A nmiee & 75 AR E R G gl
Hh, SEERVE N E A JE I MO LA R e B AR Y
ELSE DL

EERFRAN, KEFLHERMBAR.,
SRR, FELSRA LENEEXR LTS
B, Cd& %, AsEME, Cr. Pb, Hgr THZ
B A, AR RB R, FI 1
Jo A B 3 CA T H g B 48 R B s 227 (i
LRITAPIAR L, SZEPEEPb, Cr., Cd. HgfllAs
TENMEERE CENEEEMERE ) BILT

MR X, G T rp R R SR 2 K,
HEMSEEFEENESE SRR EME, JHlk
B, WPy X EECIE B, SEFEENE
Cd#1.68 mg kg' '), BIEAWIAiR42 ) 422
ELRER OB (1.47 mg kg™ ) o ARFTESN,
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Heavy Metal Contents in Eupatorium Adenophorum in Liangshan of Sichuan,
and Safeness of Using the Plant as Organic Manure

Abstract

BAI Ruxia' LIU Hai'

"2 WANG Yushu'

HUANG Jianguo'"

(1 College of Resources and Environment, Southwest University, Chongging 400716, China )

(2 Guizhou Institute of Agricultural Science and Technology Information, Guiyang 550006, China )

[ Objective | Eupatorium adenophorum, an alien perennial plant of Compositae, native

of Central America invaded China extensively via Myanmar in the 1940s. The invasive plant is now

widespread in farmlands, forests, and pastures in tropical and subtropical areas of Southwest China, such

as Yunnan, Guizhou, Guangxi, Sichuan and Tibet, covering as high as about 20% of the total land in certain

regions and causing enormous economic loss and serious ecological calamities, because of its strong
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ability to adapt various environments. Therefore, E. adenophorum is considered to be the most harmful
invasive plant in this country. To control overspreading of the invasive plant, prevention in combination
with utilization could be one of the most economical and effective ways. It is necessary to point out that
E. adenophorum is no good to be used as pulp, building materials, fuel, and animal food because this plant
is short of fiber, weak in rupture strength, and low in combustion value, and contains chemicals noxious
to animals. However, this harmful plant is rich in organic matter and mineral nutrient, such as nitrogen,
phosphorus, potassium, and microelements. Bio-composting of the plant through inoculation of certain
specific microbes can kill the reproductive organs of the plant and decompose the chemicals contained in
E. adenophorum noxious to animals, microbes, and other plants. Its content of heavy metals is the critical
issue for the plant to be used as source of organic manure. [ Method ] Samples of E. adenophorum plants,
soils, neighboringplants and in-situ bio-composted E. adenophorum plants were collected from 42 E.
adenophorum colonies in lands of mining, agriculture, forestry and transportation typical of Liangshan,
Sichuan for analysis of contents of Pb, Cd and Cr using an atomic absorption spectrophotometer, and
contents of Hg and As using an atomic fluorescence spectrophotometer in order to evaluate safeness
of utilizing E. adenophorum as source of organic manure. [ Result] Results show that heavy metals
in the plants varied sharply, exhibiting a sequence of Cr (¥=14.17 mg kg™') >Pb (¥=4.55 mg kg'') >
Cd (x=1.47mg kg™") > As (¥=0.167 mg kg'') > Hg (¥=0.021 mg kg'), and they did too in the soils,
with variation coefficient of Hg, Pb, Cr, Cd and As (%) being 99.99, 305.9, 118.7, 266.8 and 51.74
in the soils, and 58.27, 87.75, 121.2, 87.75 and 71.87 in the plants, respectively, which suggests that
absorption of heavy metals by E. adenophorum plants is subject to soil environment. Contents of heavy
metals in E. adenophorum plants are positively related to total As, DTPA/HCI extractable Pb, DTPA/HCI
extractable Cd, and NaHCO; extractable As in the soils, with correlation coefficient being 0.528, 0.337 6,
0.761 2 and 0.313 7 (n=38 ~42), respectively. Among the organs of the plant, stem is the lowest in heavy
metal content, root the highest in Cr and As content and leaf the highest in Pb, Cd and Hg content. In the
plant Cr and As is not so movable as Pb, Cd and Hg, which move easily from roots to leaves. Compared
to most of the 12 plants growing near the E. adenophorum colonies, E. adenophorum plants were lower or
similar in heavy metal content, accumulation coefficient and mean and maximum content, which indicates
that in the nature E. adenophorum behaves similarly like common plants and does not have any special
preference in nutrient or heavy metal absorption and doesn’ t support the conclusion drawn by scientists
in the past that E. adenophorum is a heavy metal accumulator. Furthermore, heavy metals in the composted
E. adenophorum, stems and leaves, were obviously lower than the criteria set in the National Standard for
Organic Manure (NY525-2012). [ Conclusion ] E. adenophorum is not a heavy metal accumulator. In E.
adenophorum infested areas, the utilization of in-situ composted E. adenophorum plants as organic manure
does not pose any heavy metal toxication risk and the risk of translocation of heavy metals between regions
and generation of siol pollution is very limited. So this technique is worth extrapolating.

Key words Eupatorium adenophorum; Heavy metals; Organic manure; Safeness; Composting in situ
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