2019,38(8): 1954-1962 R W ®E R FE F R 201948 H

Journal of Agro-Environment Science

Wik, 15 L, b, L ARME KSR B S U AR RCR D). A PR AL E 2, 2019, 38(8) : 1954-1962.
XU Xiao—xun, TENG Yi, YANG Yan, et al. Washing removal of Pb and Cd from soil using four plant water extracts[J]. Journal of Agro—Environment Science,
2019, 38(8): 1954-1962.

AT KRR T ST R 4R T S R R B
frih 2 s L0, A AR, ZFOA, Res

(L UMY KA 3R B2 B, B 6111305 2. PUJITAE SRR BT (R EE R S0 3, AR 6111305 3. DU KA B I~ e, BAR
611130)

W EONETHYK R SRR DR B e A R T T S R E P (Buddleja asiatica) T R (Artemisia capillaries ) AR
¥ (Nicandra physaloides) F1 458 2515 > ( Eupatorium adenophora)4 FAE P LA 7K 2B IR AE F Ik D L 2347 AS [R) bk 350 Wk B L pH AR
PR A) X 2% Bk - 49 v 8 4 5 (Ph) FAR (Cd) W52 o 25 L3R W], 4 R P Ik e 0% 2 Fl 3 rp Ph A Cd 3 B — 2 A L BRAVE T .
Wi 5 I 8 0 5 P 3G, S - 49 P AT Cd A IR R AR A B AR S T B s BB R ) pHL A9 38 K, VA O 3 R S AL A T T o
TREF [ A 340, 4 FIAE A (4 Ph AT Cd Ry 28 2 BB I a1 J5 J0Rn O 2 AR AR 3 ke g . BB P x 3 A T Cd(72.45% ) F1 Ph
(13.27%) W LB i , % 13 B Th Ph(17.27%) BRI R 3 S22 PR 22X 13 B rf Cd(59.81%) i KBk fe i . WFFE R, A FH
FNEZEPE > A B G P 4 1o e 3 A0 ) .

KGR AHPIBDRL s AR AR 5 T 330MVE s BLE P R

FESES . X53 XEHFEEDA XEHS:1672-2043(2019)08-1954-09  doi:10.11654/jaes.2019-0424

Washing removal of Pb and Cd from soil using four plant water extracts

XU Xiao—xun'?, TENG Yi’, YANG Yan', WANG Gui-yin'?, ZHANG Shi-rong'*’

(1.College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2.Key Laboratory of Soil Environment Pro-
tection of Sichuan Province, Chengdu 611130, China; 3.College of Resources, Sichuan Agricultural University, Chengdu 611130, China)
Abstract: The purpose of this study is to investigate the feasibility of removing heavy metals from soil using washing agents extracted from
plant materials. Four types of plant materials (i.e., Buddleja asiatica, Artemisia capillaries, Nicandra physaloides, and Eupatorium adenopho-
ra) were employed as washing agents to remove Cd and Pb from the contaminated soils of two different mines. We investigated the influenc-
es of various conditions, including washing agent concentration, pH, and washing time. The metal removal efficiencies of the four washing
agents increased with their concentrations and declined with increasing pH; moreover, their efficiencies continuously increased, changed
slightly, or initially increased and then decreased with increasing washing time. The use of B. astatica resulted in the highest removal of Cd
(72.45%) and Pb(13.27%) from soil A, and of Ph(17.27%) from soil B; additionally, the use of E. adenophora resulted in the highest re-
moval of Cd(59.81%) from soil B. Therefore, B. asiatica and E. adenophora can be considered feasible washing agents for the remediation
of soils contaminated by heavy metals.
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T NI A AT ARG IR . AR B AL B A b B R A e, R R A
TEE RS TS Sl e, URRE R A 255 (Ph) iR (Cd) SR 2 3 rp , 3 E G R 5 Y 2k

WisEH:2019-04-18  FABHI:2019-06-20

EE RN /N2 (1979—) , 53 U AR I -1, FEZEWF5E )5 0] o 35 e A= A58 2 . E-mail : xuxiaoxun2013@163.com

HEEEE KA E-mail :rs201@163.com

EE TR : [ E LN L9 H (2018 YFD0800604 ) ; P14 R B AR HRL £ 31-R155 H (2018HB30)

Project supported : The National Key R&D Program of China(2018YFD0800604) ; Environmental Protection Science and Technology Projects of Sichuan
Province of China(2018HB30)



ooNiEb % A R K RO BT e R R 1955

Oy 28 T 4 BRTAT I 147 0 PR 858 (R) L. - 38 Ph AT Cd 75
e FLAT Bl 1 K 1 A0 DA D), A& S
YA RKKE bl B EEE S AR ]
2, U AR T TR, P A Cd Y5 Y 3 18
52 L A A BRI L P A A e ) [

FUAT, % W L R B 2 PR i 2 nT
AR G (0 LR A, AT /D X A= 1Y
BEPES W B8 S0 4 2 BRASCR B (H LA A
FHXS & 525 A B BOR BARIRE AU AL,
SRS S FA A AR X AN i A B 1 A 3
BRI, ARSI R RO i T R B 4B 2 R S A
BRI s Tz ARG R Y
KSR VRIS AU (AT R SR e o ARGk
I FEBEA TOHLIRBE R TS MR AN AR S
FERB], R AL SE IO G RN 1- e E R 2
A B 2 BRACR™ B 5 5 R A S 45 by i DR - 43¢
T B SR INC g SRR OB = LR A
TE F AR PR vhoxE DL, B 3 R k7 s B A
IR S 2 T 57 AR 4 R 2 Bl A T AR
7 AR B v T AE S B I FH vh 52 38— BRI Rt
Ref e R PR At LA ARG B A BRI I 700 ) O
fii 52 B H AL

AW EA R B R AL RILSEZ R S HE R
BT RS R REI, A HTHOM VL L3 rh 4 E i H
A TN B KU AR A S, Gusiatin
SR GY SR WY, AR ) R AR R B BT AD Y Cd B K
Ve BRI R 89% , HHIREE XK AL /N A A B AR
I\ 4 5 (Fatsia japonica) 7K iz 3L UE 138 H 1)
Cd, LBRAHAT 1K 78%, Hik vk ja A = & iy — e e
FEMIE 2, DU PG e SR AN R R L 0 IR
AN RT3 A b 3 T DX T A Y 4 JE T Y XL
B Rl % XA Y RS B2 I, A5 i)
MIZ XS R £ R B AL L T 10 AR FhRE ) bA 6} o s i
H 8B P (Buddleja asiatica Lour., BA) . 19 % 55 (Arte-
misia capillaries Thunb., AC) BRI [Nicandra physa-
loides (Linn.) Gaertn., NP]FI1 4825 % (Eupatorium ad-

enophora Spreng. , EA )4 R P A1 R K IR S , 1 1 4k
DR SEE , R TEAN RIR O | pH R 358 Ak ) %
Ph . Cd Bt L BRAE A2, LI Ph Cd &2 515 5%
IR R S it — 2 AR

1 #MEEFE

1.1 it 5

Pb il Cd V5 44 - 3% A WU )14 DU B & IR A0 B
WX BT (A) S R EV R XM (B) 193 )2 1 (0~
20 cm) . HFEZ ARINT IS, 50 Bk v i) 2% B R i
A WFEE R 2 mm P JE R , SR IR A 35T & . kit
SR I AR T L 1
1.2 iR A&

1.2.1 FEPREE R &

TSR A I S PF 1A R s AR PRI R 45 25
V22 AR A R FH 20K e i, TR T LA
40 CHET ZIE T, 85 IR PEHLR A 6%, 32 2 mm
i J5 PR3 o i 3 i PR 2 .6..10,14.18 .22 ¢
R A, A E] 200 mL Z& 48 7K o, 7E 25 °C . 200 r-
min~ B4 NI IRAR S 24 h, $8 1 h 5 ok uE 15 4%
T 35104 10.30.50,70.90 . 110 g- L Ak R
1.2.2 KPR 0 5 1 52 i)

e RNk 10.30.50.,70.,90,110 g- L™
B 4 R4 R IR BE T 45 20 mL, FHEE 49 0.01 mol - L™
() HNO; Fil NaOH ¥ 715 pH 4 2.5+0.05 , #5381 B
FHH10:1(Vim) AR 2.00 g 759 3. 7E25 C.,
200 r-min”' 4 T £ 2 h,4000 r-min™ .0 5 min 5
11 0.45 pum TALUE AR, U8V Hh Pb R Cd /Y 5 ot KA
JE TR Y6 96 3 (Thermo Solaar M6, Thermo Fish-
er Scientific Ltd., USA) W2 , T LR PE R . & 4b 2
WE3IKEL .

1.2.3 WkPEFRI pH A2 R

BB NN A 70 g« LAY 4 Bk R IR 18 45
20 mL, FHYEEE 4 0.01 mol - L' HNO:s I NaOH 43 51
I pH N 2.5+0.05.3.5+0.05,4.5+0.05 . 5.5+0.05 ., 6.5+
0.05 1 7.5+0.05 , P-4 Ik DR 4377 I A %1 2.00 g 775 G

&1l T EREAREL SR

Table 1 Physical-chemical characteristics of the contaminated soil

+ 3 Pb/ Cd/

TR Y Soil particle composition/%

PRS2 fhe it AR o) T

Soil  mg ke mg-ke! pH . — — Catio'n exchangci Organic (:iir})(]ﬂ/ Total nilrf)gen/ Total [)h()S{)h()rus/
kL Sand - Bk Clay R Silt capacity/emol - kg™ g kg™ g kg™ g kg™
A 481.34 66.19 6.12 37.63 16.03 46.34 11.58 15.82 2.21 0.62
B 584.28 37.07 5.94 33.37 17.65 48.98 8.81 10.97 1.63 0.89
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Table 2 Fitting models between dosage and heavy metal removal efficiency

=+ 4 Soil WKPEF Washing agents H4JE Heavy metals  $M45 BE L Fitting function A3 Formula equation R P

A BA Pb R Y=0.48x1"* 0.993 <0.001
cd X B R A Y=7.58+28.661n: 0.990 <0.001

AC Pbh R earahie Y=-0.14+0.986¢ 0.983 <0.001

Cd Xt pR Bk ¥=9.69+26.191n 0.989 <0.001

NP Ph LR Y=-0.335+1.11 0.981 <0.001

cd X H R A Y=10.15+20.491n¢ 0.985 <0.001

EA Pb e R %L ¥=-0.619+1.08¢ 0.981 <0.001

cd POREERA Y=5.45+24.821Int 0.985 <0.001

B BA Ph L ¥=0.903%;'>% 0.994 <0.001
cd TE R AR Y=6.74+22.781nt 0.979 <0.001

AC Pbh LN R B Y=0.339+1.05: 0.980 <0.001

cd TES R AR Y=7.53+20.1Inz 0.995 <0.001

NP Pb 2T ¥=0.135+1.323: 0.970 <0.001

Cd DUE TR Y=9.75+15.411nt 0.997 <0.001

EA Ph 2T Y=-0.497+1.2971 0.983 <0.001

Cd LML Y=17.16+4.01¢ 0.980 <0.001




1957

/I 554 B K BB R T 5 M A

207 A pp
g
=
2
q% a
= b
(=W
Ey
% ds
E" e
f
NP
14 A Soil A
80T aa
B.CdbE_EE at
g NE o a
=Y ANl & = bb
: g g g NS
S s WAH| YAE g g
B H H H HZN\=
% | | s s
< 20f | AH g g g
NI A g UN7NE
0 H H H H
BA AC NP EA BA AC
+ 4 A Soil A 14 B Soil B
O10g-L' @30g-L' H50g-L" RN70g- L' BEH90g-L'  M110g-L"

P A )N PR R A R E AR BE R R 2257 3% (P<0.05) . FIH

Different lowercase letters at the column in washing agents indicate significant difference at P<0.05 level in different dosages. The same below

B 1 kS mEXT Ph A Cd R R B2 0H

Figure 1 Effect of washing agents at different dosages on the removal efficiencies of Pb and Cd
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Table 3 Fitting models between pH of agents and heavy metal removal efficiency

43 Soil WRIER Washing agents 42 )& Heavy metals HUE PR Fitting function A3 Formula equation R P
A BA Pb [T Y=-1.806+29.36/t 0.982 <0.001
cd YRR Y=120.1-54.48Int 0.962 0.001
AC Pb RORA R Y=11.07-4.511nt 0.985 <0.001
cd 2R B ¥=95.54-11.93; 0.979 <0.001
NP Pb PR L Y=12.31-5.72In¢ 0.989 <0.001
cd B3R Y=65.34-7.85¢ 0.981 <0.001
EA Pb [ AR Y=0.816+11.11/¢ 0.929 <0.001
Cd RORA A Y=89.31-42.72Int 0.994 <0.001
B BA Pb POR QT Y=18.51-8.24Int 0.977 <0.001
cd XTET PRI £ Y=93.44-41.361n 0.941 0.001
AC Pb 2R PRI Y=11.46-1.351 0.961 0.001
cd 2R PRI Y=74.6-9.25 0.947 0.001
NP Ph X EREL Y=16.17-7.45Int 0.942 0.001
Cd 28k R AL Y=51.62-6.03¢ 0.975 <0.001
EA Ph % R AL Y=1.45+14/t 0.975 <0.001
cd YRR AL Y=73.6-34.22Int 0.993 <0.001
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Figure 2 Effect of pH of washing agents on the removal efficiencies of Pb and Cd
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Figure 3 Effect of reaction time on the removal efficiencies of Ph and Cd
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Table 4 Fitting models between time and heavy metal removal efficiency
43 Soil WRER Washing agents T 4:J& Heavy metals  $I-4 PR%K Fitting function A3 Formula equation R P
A BA Pb IR PREL Y=7.24+2.41-0.72>+0.07¢ 0.799 0.286
Cd KRR Y=59.52+2.11Int 0.860 0.008
AC Pb IR %L Y=6.01+0.178/¢ 0712 0.035
Cd X ECRREL Y=57.95+2.45Int 0.843 0.010
NP Pb KRR Y=6.28+0.4171n¢ 0.956 0.001
Cd 1%k pR AL Y=43.84-0.168/ 0.685 0.042
EA Pb IR L Y=5.96+0.164/t 0.998  <0.001
Cd X H PR Y=47.51+0.432Ins 0.619 0.063
B BA Pb FEIECREL Y=10.43-0.143/t 0.258 0.304
cd X H PRI Y=47.46+0.811n; 0.775  0.021
AC Pb PO ¥=7.96+0.1091n; 0.696  0.039
Cd X BRI Y=44.095+0.541n¢ 0.399 0.179
NP Pb PR L ¥=8.65+0.77Int 0.905  0.003
Cd X RREL Y=34.66+0.97Int 0.829 0.012
EA Ph (R EE Y=8.02-0.097/t 0.313 0.248
Cd IR PR AL Y=40.24-0.007/¢ 0.024 0.884
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Figure 4 Pb and Cd fraction concentrations before and after soil washing
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