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I 7500215 4. BEEFHFR O, FFE 11435)
WHE . MFER O AR (Mg, DA-6) S E MR 2B M4 (GLDA ) B X IEEME Z45 (Cd) 754 + 3,
iﬁﬁﬂal‘ﬁliﬁsﬁﬁﬁﬁiﬂﬁl DA-6 ¥ (0 A1 10 pmol -L™") 5[] GLDA Jiti 77 2L (60 d PIKE 600, 1200412 400 kg-hm “* 4RI 73 H
V2 M4 WRREAN A3 2 N 4 YR BAYK I BRI E] 4300 30 d AT 15 ) BRGRE 5E pH B n A HLER (DOC) MIERR AR W8 K
Cd Fit | Cd fHu IR Cd XA RES CA(DTPA-CA) BIRZM. Z525R350]. (D DA-6 55 GLDA HRHIRE ;‘%%‘i% pH #1 DOC, H.
pH F1 DOC Fifi#% GLDA Jjiti B B B4 0 imi . & 181 ; @DA-6 5 GLDA BEHHBE B F ISR A& & cd &5, H b DA-6 1
GLDA it F I 5t FH R B s i 2B Wit % Cd S i o 2, OWIERR Cd #2BUE7E DA-6 WRJE K 10 pmol - L™ 14> 4
YN 200 kg+hm ~2GLDA i, 4 22. 18 g-hm =2, CK(NJii il DA-6 Fl GLDA) % 10DO (XM 10 pmol -L~" DA-6) 735
#7193 A5 1.23 A, @ IR Cd 7E DA-6 ¥R IEZ ) 10 wmol - L™ FI5) 2 YCiti A2 400, kg-hm ~> GLDA Eq‘?’(ﬁé # 0.529
mg-kg ™', % CK 5 10D0 735 F5AK 21. 04% F11 18. 23%... [k, DA-6 5 GLDA Bk HBEDE ﬁﬁﬁcﬂﬂ*ﬂﬂ*a Cd ra :ZzEa
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DA-6 and GLDA Enhanced Panczym virgatum/ L to Phytoextract Cd from

Contamlnate(':l Soils e, . d o

WANG Zheng1 - SUN Zhao—jum]’3 Sameh Mohamed4 WANG Zhen .HE Jun ’ THAN Lei’ ' )
(1-S¢hool of Civil and Hydrauhc Englneerlngf NlngXIa énlversny, Yinchuan 75002f Chlna 2. Xinhua College, Ningxia Unlversny,

Ymcbuan 750021 Chma 3. Institute of Envifonmental Engmeenng, Ningxia UanE‘I‘blty, Yinchuan: 750021, China; 4. National
Research Centre of Egypt; Calro 11435, Egypt) "l "".k_.-"‘

Abstract To reveal“the effects of diethyl aminoethyl hexanoate (DA-6) combined with L-Glutamic acid, N,N-diacetic acid (GLDA)
on the re’medldtlon of Cd contaminated soils by Panicum virgatum L., different GLDA application methods with total application doses of
600, 1200, and 2 400 kg-hm *equally divided 1, 2, and 4 times, respectively, were studied on the basis of DA-6 concentrations of
0 and 10 wmol-L ™", and application intervals (2 and 4 times) were 30 and 15 days, respectively, over 60 days. Soil pH, dissolved
organic carbon (DOC), biomass and Cd contents, Cd extraction, total Cd, and available Cd (DTPA-Cd) were analyzed. The results
showed that first, the combination of DA-6 and GLDA could improve soil pH and DOC, and the pH and DOC increased significantly
with increased GLDA application. Secondly, the combination of DA-6 and GLDA could significantly improve the biomass and Cd
contents of Panicum virgatum L., and for DA-6, the amounts and times of GLDA application were the most important factors affecting
the biomass and Cd contents. Third, the highest amount of Cd extracted was 22. 18 g-hm ™ at 1 200 kg-hm > GLDA applied 4 times
and 10 pmol L ™" DA-6, which was 1. 93 times higher than CK ( wherein no DA-6 and GLDA were applied) and 1.23 times higher
than 10DO (in which only DA-6 was applied). Finally, the lowest soil total Cd was 0. 529 mg-kg ™" at 2 400 kg-hm > GLDA applied
2 times and 10 pwmol-L™" DA-6, which was 21. 04% lower than CK and 18. 23% lower than 10D0. Therefore, the combination of DA-
6 and GLDA can further strengthen the recovery of Cd contaminated farmlands via Panicum virgatum L. .

Key words: phytoremediation; heavy metals; biodegradable chelate GLDA ; Panicum virgatum L. ; diethyl aminoethyl hexanoate ( DA-

6) ; accumulation
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TRYIIE 5 T 4 R 75 e HEHEAT T R BT .
KA MR — LR VU4 ( L-Glutamic acid, N, N-diacetic
acid, GLDA) &2 —Fpn] A= YR g B 50, EZE A
JEURHEL 45, 869% DL _E BRI S 1900 BT 5
RaAi AR5 Y KU 20 5. Guo %51V il Kaviani
AT (TR SR A A ) 1 e B T
R T 4 R A0 B E Je %Y I GLDA 3
A = B HER Y Cd, 25552 W GLDA Refe ik
= ROARERM Cd, 2 B A S Cd =
IFBEA Ay Cd Frft s R0 R Rt R
T GLDA FIZKS i s S 5 25 s W 10 B 4%
A3 A 7 R e K B 4 R, IS 1, 7R
B R R R T 52, 1% MY 334 ed & &
PE T 43.2% ; EHL B9 5T & Pt GLDA 7]
AR GENE Cd MRS RS B 250] | GLDA ATHETH
FERCR Cd B BURISEZ OB 15 SR 2245 =7
S Cd 5 YA I, & B4 Z WG N GEDA 7
PRE R EE YRR Cd AR T — YW s T
Yy GLDA 2x 5 SOR Y vt 28 B WE AR i 42 A1 s
RO ) V3
o el 7 N R e v A SR oA
e E B e At N T SP o
P R (WDKK S5 ) | LIRS iy 2 it
ANCARE SR B A=) R RURRE LR
A (B B G ) SR A DA, P R
WIHEA TP ALHE X Cd 75 Y FH A B i 1 B 0 S 7R
MEIR B HAR IR Y. MR R ( Panicum virgatum ) &
—RNEARA: C4 B, AT R R A i BigE
e 1R R BRSO A, FLX Cd LA 78 I
IS 1 B B B 9112 | 280 )4y fe) 2 ]

FHFAF=IRRL 21, DR RRIR . MR B 7E
F I 4 M X R T TR I RURAR > R Ak 4y ol
AR Y AR, X R 32 DX A 5.

AR it GLDA J& , #5 A B Cd WG A
RET- 1 1+ 1984 20 Cd WG bR, 52 5 i i —
WGy R T 2 R LR (G, DA-
6) A& — iR 20 B o3 24 R S AE ) A KR B E
BERIER, oT R 3 Y A & |, 3 S AP 5T Cd
(A WAL 3525, ] B A 30k 2% A 25 6 ) Bl Cd X AE ) 1Y
5%, [HDA-6 5 GLDA BRA i fbiEWE S Cd 154
IR I L. ASHIE 5T LAAIIAS B R i 56 4 R, H
DA-6 5 GLDA (AS[aljiti FH & #5380 Bk FH i AT
HPIMESE Cd ¥5 Y q H Y H RS, 4301 DA-6 5
GLDA BRA XA A | Cd $2 U S + 45 pH AT
AT FLBK ( dissolved organic carbon A DOC)E{@?} ]
IR L35y Cd B AR A T
T LU G e e TR 0 16 2 HOR B2 1 —

1 sREEE)

T 2019 4E 4 H 30 HIFIATE T H TARREBRIL THE

S BRI A a7 e e 3
Ja PR TR A IX, T AR AR A R TR Rl 248.7
mm , B IRZER, A SEAE 6.9 ~8.7°C 210, H
IR 78 K, A 475 Ao iR 2 088.2 mm, J& 22 KL
X, SRR CFEIREAR T 17 mes ™) 63 d,4F
SEHITCFRRN 154 d. {30 FH 38R TR ik R
ARFR A - 106°43. 425", 38°5.324'N, +3E Cd 5 )@ T
HAR RS K R ARG O, IR X AR A 4
FAHME RN 1 FR.
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Table 1 ~ Basic properties of the tested soils

5iH " AU CEC TR L EER U AL AR Cd M cd
; P /g-kg™! /cmol +kg ™! /mg-kg ™! /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg !
S8 6.26 18.71 25.78 45.76 18. 85 42.22 0.16 0. 65
1.2 {5k 1.3 {5t

MR . Alamo ( 55 H 2 , \M5AK) |, B = B F
it Cd WAL i b

GLDA . ¥ &R — LR VUSN , 3% 0 (s IR, 4y
Wrafi 3R 1.47 g-em ™, pH K 11,74, 14 H 75 &
PR MR A RA R, LB AR (Cd /N T
0.001% ).

DA-6 . CL i - L& PG, ARk B A, 43
Mrat, By oK, TERRIEH, 14 B (AR e fe TR
FABRAT, B4 RAK T (Cd/NF0.001% ).

TEEE DA-6 W JE J 0 F1 10 wmol -L~"! (0D
F10D) FFERE I RIS T e 5™ BRI 45 0L, 1%
# GLDA M /& 0. 600, 1200F12 400 kg-hm
(0, L, M A H) , M5B A 2 i 58 45 52, 60
d(2019 457 H 15 H ~2019 469 7 13 H) W
GLDA i & (L M A1 H) 2530 1, 2 A4 Wi
I, 432 F0 4 Uit iy st a] ) B 43530 4 30 d A 1S
d; AN DA-6 Fil GLDA A3t (CK) , i85 4n
F 2 FR.
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Table 2 Experimental design

GLDA JifiJf 1t /kg-hm ~2

DA-6 0 600 1200 2 400
1K 2 4% 1% 2 4K 1) 2 4 ;)%
oD CK 0DIL 0D2L 0D4L 0DIM 0D2M 0D4M ODIH 0D2H 0D4H
10D 10D0 10D1L 10D2L 10D4L 10D1M 10D2M 10D4M 10D1H 10D2H 10D4H
A 15 20 AL B, BESALEE 3 IRE R, 3 A ) FI R WU A3 O B O (AR AR

60 /X, EEA/NXFAEEIALA 2 m* (1 mx2 m),
JIFA /NKAEREHLIX ALHES , HLi% B B T LA BH W7/
X R s A E R B R L. T
2019 4E3 H 16 HEFN R 8 cm x 8 em & FR K
JRET TN R + A (AR 12 1), B 0
7 ~10 d #17 DA-6 By EmiiE , 2w 3 . T 2019
ES5 A6 H BEIUK SRR /N R A MR B 5 4% 1
(CH a0 T 50 d) 48 5 TH0ES 40 i J5 B ok ( Rk
D7E R RIER AR ARG ) R, B/ L bR G
K&, 35 4 25 BET AR OIS B R S, AR AT HE .60 cm
x50 em, #/NX LTI 6 Bk HUEM GLDA T
WIEB RS R 70 d 72019 4E 7 1 15 B ) 45 AN XL
AT (20 1 S L 4
7L B AFLBR B AL | SR DAJ6 cmﬁAﬁaﬁ@
R R B0 VT 7T (45 20 d L’Jﬁﬂﬂﬁ DA-6,410
mL#k 3B 1), 60 d J7 (2019 4F 9 A 139 #

*ﬁwﬁﬁffﬁﬂi%ﬂiﬁﬂﬁ*% *&#&*gﬂﬁkﬁf /kT{EE--‘"

AHE(ﬁEN PO K,0 % 2: 1: 1) 160Kg-hm > %;%a'
JEH: 300 d Rl 60" d LA )y =X S (PR %) 130
kg-hm 2 B /N A — 2

1.4 FEACRESE

WK MR R 5 M |38 3 FIAR 358 /0N 00 BY JF
I AR R R 2% 08 K VR A R A S S H
SRR, A BE A, 6 105C IR E T R F
30min, FRF IR EE I E 75CHL T = 1E &, B 5 FRE
TE, OB AR AR R R MDA B AR PR 1 4
200g, AR T BEREJG T 70 H i, 28405, %
SR/ LR

WA B AR MR AL 5 R HNO,-HCLO, T i , W i
W Cd SR R T OO 1S (R Il 43 '
JEEETE, AA-7050, 5 tH B A 0. 005 mg-kg ™) WA,
ARSI 3 VR, DA G AE W 13 3 BT b 1 4 JoT
(GBW10014) A7 s, R as H ik, 4
J& 2K 98. 63% ~ 101. 77% .

+ 4 pH (R H A M2 (K 1: 2.5,
PHS-3C AUR B, hE i #E) ; 133 DOC \DTPA-Cd
AL Cd 23R H TOC 7 HLBSR 43T ( - HeAE R
FH 0.5 mol-L ™' K,S0, #2425 DOC, TOC-V 4y, H

6 ¥R )/INUOHL GEDAEE

0. 005 mol L™ "DPTA ¥4 2 4 244 Cd, - 3ERE
KH FEIK-HCI0, T8 ff I 72 & Cd, K H BR 4 0. 005
,AA-7050 , 35 [E FEBR Q) W, B R
W3 WK, LA 3R o Bk ) Bt (HTSB-3 ) #5475t
T, 2B MEE [, AR FICE R 96. 57%
~102.51%.

1.5 Hdhisb#

AW I E % 4 ( bio- concentratlon .factor
BCF) ' ﬂf*&?;& (translocation factor TF) &l il
Cd HRHCE Cd eXtractlon JE) P E’JTF%:/Z}—QQH_F

" BOFElc,c ¢y 1)
TF =lCu/C., ot (2)
) & d = _c D, (3)-
e, %é/ﬂﬁ%ﬂmi%\ Cd & (mgke™); gF
;E/Tﬂ;%d @i i engKe ™) ; C, EZN L
1 (mgtked ) ; Bo, A Cd RIUR (g-hidt ) ;
DH,J%%/T#ZW‘ITEUH%%L%/ P T (kg).

AWFFEAF SPSS 22. 0 XA Bt A1 481143
Mr, I8 3 Tukey HSD i 56 % 547 25 55 1o 35 ME A6
5, KRB A MATLAB R2016a 4 258 i, Fif
H2Z:EIFIH Excel 2016 Fil R Studio 3. 6. 1 5.

2 HFREHM

mg-kg

2.1 DA-6 5 GLDA BA XT3 pH 1 DOC B30
AR, 148 pH EAHY I E 4 Cd
SRR R A AL PR pH B3 T CK(P
<0.05, F[Al, 3 3); OD(ODIL ~O0D4L, ODIM ~
0D4M F10D1H ~0D4H, T [A]) &b ¥, 0D2H 9 pH
i, N 6,38, % CK & 1.07 D8f7; 10D (10D1L
~10D4L. 10DIM ~ 10D4M #1 10D1H ~ 10D4H, F
[F]) 4b ¥ 10D2H Y pH f i, M 6.35, % CK 42
114 A7 10D0 B pH 5 CK R EZE R (P
>0.05, F[E). 10D1L ~10D4L, 10DIM ~10D4M
1 10D1H ~10D4H (134 pH 43514 5. 88, 6. 11
F16.31, k%5 GLDA Jita F 22 38 i i b S =% 35 i ( P
<0.01, FA). *JM%?E%%H)% BRI GLDA
AR EEE L5 poc &2 Akkd, cK
1) DOC % &4 296. 93 mg-L LT A AR B DOC
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&3 DA-6 5 GLDA Bt& ¥t £ 5 pH #1 DOC RIS
Table 3 Effects of DA-6 combined with GLDA on soil pH and DOC

Ab ¥ pH DOC/mg-1.~!
ODIL 5.86 +0.26h 436.17 = 12. 14b
om2L. 5.90 +0. 19a 486.22 +25.69h
0D4L 5.89 +0.43ab 692.19 +18.77a
ODIM 6.120.37a 523.81 +12.43c¢
0D2M 6.08 +0.41h 776.26 +15.61b
0D4M 6.14 +0.22ab 886.97 +21.82a
ODIH 6.27 +0. 15h 854.17 +24. 59
0D2H 6.38 +0. 19a 925.63 +29.61b
OD4H 6.29 +0.33a 1795.66 +38.97a
10DIL 5.73 £0.22h 443.34 £22.67c
10021 5.96 +0. 17a 495.21 + 14. 58¢
10D4L 5.86 +0.23ab 684.02 +27.17a
10DIM 6.13 +0. 14a 532.43 +18.82¢
10D2M 6.06 +0. 12 793.67 +27.25h
10D4M 6.18 +0. 19a 903.78 + 13. 38a
10D1H 6.32 0. 11b 874.05 +27. T3¢
10D2H 6.35 +0. 18a 959.68 +13.01h
10D4H 6.45 +0.03h 1832.79 «15.09a
CK 5.31£0.13 296.93 + 14577

10D0 5.26 +0.36 -302.

19 £21.66
1)/ ﬁ?ﬁi&ﬁﬁfﬂ% P25 (P <0.05)

g e ai CK; 0D 4b ¥k, ondH aﬁ OQ;E.
[= 791795 6ﬁ mg ‘L7 %% CK %%mgo/ﬁ,,lop
LhERH, 10D4H IDOC 5, W1 832/ 79 mg- " 1,
HECK 475 5. 17 65 1000 i DOG 1 dK %%

=N 'iomL * LOD4L, [FODIM ~ 10D4M Fil 10D1H~

10D4AH Hﬁﬂ?ﬂj DOC 73 5l 2y 538. 19, 729. 0F°Fl

1191. 82 mg-L™"  Ffi5F GLDA Jifi FH &t 38 K i p I 2%
B, H DOC B 535t U< E5CE i fe 2 1 n.
2.2 DA-6 5 GLDA BB XM AR A Py A R
AN () A 3 XT AS 2 A  a AAS [R) A S ) (R
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Table 4  Effects of DA-6 combined with GLDA on the biomass of Panicum virgatum L.

isiil i /g A ! T/ g k!

b R ExN b b4 R /N
0DIL 236.64 9. 66¢ 208.11 +3.45¢ 444.75 +11.25¢ 84.11 +7.91bc 59.21 +2.46f 143.32 +3.83ef
0D2L 242.36 £7.34c¢ 241.76 +5.87cd  484.12+15.77cd  85.06 +9.24bc 76.37 £5.79d 161.43 £2.97¢
0D4L 286.59 +5.23b 271.55 £2.66bc  558.14 +21.34bc  95.27 +6.52hc 82.09 +8.12¢ 177.36 £5.51d
0DIM 241.33 £5.37¢ 206.54 +3.91e 447.87 +19. 66e 81.46 +7.26¢ 71.03 £ 10. 66¢ 152.49 £2.67¢
0D2M 256.97 £7.49¢ 272.33+9.81bc  529.30 +10.87c 84.59 +2.93bc 80.66 £9.71c 165.25 +3. 16
0D4M 315.47 £5.21ab  291.44 +8.73b 606.91 £27.32b  107.13 £4.77ab 95.01 £8.22a 202.14 £2.93b
0D1H 207.18 =4.06d 217.32 £10.22ed  424.50 +16.71f 68.33 +8.82d 51.43 +6.93f 119.76 £3.47f
0D2H 273.82+£9.88bc  267.17 +4.33c¢ 540.99 £18.36bc  82.09 +6.54bc 74.26 £4.19de 156.35 £2.02e
0D4H 316.29 £7.61ab  218.59£5.39ed  534.88 +10.88bc  80.61 +4.15c¢ 71.47 £5.28¢ 152.08 +1.97¢
10D1L 269.22 £5.89bc  216.35+3.04ed  485.57 +12.56cd  87.66 +6.99b 77.13 £7.68d 164.79 £8.67e
10D2L 290.17 +7.61b 273.47 £9.81bc  563.64 +21.79bc  98.77 +4.71b 82.73 +6.99¢ 181.50 +£5.70c
10D4L 343.19 £1.88a 402.67 +3.93ab  745.86 +25.91a  125.13+7.92a 88.24 +2.89b 213.37 =1.81b
10DIM 265.29 £7.62bc  209.63 £2.17e 474,92 +10.88cd  85.42 9. 17bc 67.89 £10.32¢f  153.31 +3.49¢
10D2M 298.63 £9.31b 298.16 +6.78b 596.79 +24.63b 96.39 +8.06b 90.87 +12.66a 180.26 £2.72¢
10D4M 373.14 £6.89a 382.69 £5.31a 755.83 +40.69a  131.72 +7.78a 94.35 £8.05a 226.07 £1.83a
10D1H 221.23 +£2.66e 203.24 £2.02de  424.47 +21.76f 75.67 £11.43f 77.88 £12.66d 153.55 £2.09¢
10D2H 302.36 £3.57ab  285.35x4.73b 587.71 £19.55h 90.11 +3.99b 82.29 +4.98¢ 172.40 £1.97d
10D4H 293.55 +5.69b 226.77 £9.57d 520.32 +17.45¢ 87.57 +9.90bec 86.14 +6.71b 173.71 £2.61d

CK 225.29 +2.46d 221.58 +7.11d 446.87 +23.05¢ 80.22 +2.66¢ 68.19 5. 68¢f 148.41 +7.93ef
10D0 275.39£3.09bc  292.76 +6.22b 568.15£16.71bc  87.71 £3.41bc 90.93 £ 10.04a 178.64 +4.77d

1) /NG FHFRTAE B EM 25 (P <0.05)
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Table 5 Effects of DA-6 combined with GLDA on Cd accumulation in Panicum virgatum L.

Cd F&/mg kg !

Qb B AETT g BCF TF Ecy/g-hm~?
0DIL 0.61 +0.03f 0.62 £0.03e 0.94 +0. 11f 0.98 0. 13b 10.26 0. 42¢
0D2L 0.71 +0.01d 0.87 +0.04cd 1.09 +0. 13e 0.82 +0.05e¢ 11.77 £0.31de
0D4L 0.89 +0.04b 0.95 +0.02bc 1.37 +0.09b 0.93+0.11c 17.46 +0.22ab
0DIM 0.68 +0.05d 0.93 +0.07¢ 1.05 +0. 02ef 0.73 +0.08f 11.17 +0.53de
0D2M 0.75 £0.02¢d 0.91 £0.01¢ 1.15+0.15d 0.82 +0.05¢ 12.35 +0.12d
0D4M 0.79 £0.03¢ 0.86 =0.04cd 1.29 £0.18b 0.92 +0. 13¢ 16.95 0. 21be
OD1H 0.66 +0.07d 1.08 +0.06a 1.02 £0.21ef 0.61 0. 12g 13.66 £0.25d
0D2H 0.76 £0.03¢ 1.01 £0.09ab 1.17 £0.04d 0.75 £0.05f 10.33 £0.21e
0D4H 0.84 0. 04bc 0.95 £0.01be 1.32£0.01b 0.88 £0.14d 9.89 +0. I1ef
10D1L, 0.73 £0.01lcd 0.78 £0.03d 1.03 £0. 13ef 0.86 £0.07d 14.31 £0.42¢
10D2L 0.92 +0.05ab 0.84 £0.03d 1.25 £0.08¢ 0.96 0. 18bc 16.87 +0.29bc
10D4L, 0.85 £0.03he 0.99 £0.1b 1.31+0.17b 0.86 =£0.15d 17.25 +0.55ab
10DIM 0.74 £0.01cd 0.98 £0.07h 1.14 £0.12d 0.76 £0.04f 15.62 +0.27¢
10D2M 0.96 £0.04a 0.91 £0. 11¢ 1.40 £0.24a 1.05 £0.03a 16.19 £0. 54bc
10D4M 0.83 +0. 06hc 0.89 0. 08¢ 1.28 £0.15b 0.93 +£0.05¢ 22.18 +0.68a
10D1H 0.67 +0. 08¢ 1.07 £0.03a 1.03 +0.09ef 0.82 +0.06f 11.24 +0.43de
10D2H 0.87 +0.04b 0.91 +0.01¢ 1.34 +0.07ab 0.96 +0.08b 12.06 +0.49d
10D4H 0.88 +0.05b 0.82 +0.04c 1.35 £0.02ab 1.07 £0.07a 12.77 +0.31d
CK 0.39 +0.0lg 0.43 +0.02e¢ 0.60 +0.03g 0.91 +0. 12d 7.56 +0. 121
10D0 0.84 +0.03be 0.97 +0.04d 1.12 +0.05d 0.87 +0. 11¢ 9.93 +0. 58ef

1) WNEFEFRRAAEREMN2E R (P <0.05)
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Fig. 1 Effects of DA-6 combined with GLDA on the DTPA-Cd and total Cd content of soils
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