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Phytoremediation of Cadmium and Pyrene Co—polluted Soil by Sudan Grass(Sorghum vulgare L.)

JTA Chan, HU Shi-bin", ZHANG Chun-hui, HAN Yu-jie, WANG Xiao—guo, CHENG Zhi—-wen

(College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China )

Abstract: Sudan grass(Sorghum vulgare 1..) has been used to phytoremediate soils polluted by heavy metals. A pot experiment was carried
out to examine remediation efficiency of cadmium (Cd) and pyrene(PYR) co—polluted soil by Sudan grass under greenhouse conditions.
Sudan grass grew normal at initial concentrations of pyrene ranging from 0 to 305.47 mg kg™ and Cd from O to 18.11 mg-kg™. Cadmium re—
moval rates by Sudan grass decreased with increasing concentrations of pyrene. Planting Sudan grass significantly promoted the dissipation

of pyrene in the soil. The removal rates of pyrene by Sudan grass were 59.18%~88.46%, higher than those without Sudan grass, which were

12.92%~40.73%; Likewise, removal rates of pyrene in soils decreased when Cd levels increased in the soils.

Keywords: Sudan grass; cadmium; pyrene; co—contamination; phytoremediation
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I HRS R

L1 Rae Rt
111 {1 4

At R A R AR R TE X B AR
1:3%(0~20 cm) , IR MG LK TR, THE
FKUE HAXT it 2 mm 5555 4. RIS
PERRANTT :pH 7.97, A M)A 13.66 g-ke™, % 1.69 g+
ke SAA 1115 mg-ke™ , B AR 1.82 mg kg™, AL
W 6.67 mg-keg™, £Hf 17.24 g-kg™, HALEH 83.21 mg-
kg™,Cd 0.32 mg-kg™ ,PYR KA o
1.1.2 Y

PR TR FF L (Sorghum vulagre L.) % TCHEME A 1
1 REBR T/ NMET
1.1.3 550 510

5% : PYR (Accu Standard Inc.) . JZ ¥ 5 e
(200~300 H, F B AL ) &L N GE 2
Bt TCAKGRIR BN YR 43 BT s F sy 548

X4 : KQ-300DE P FHAic 75 Bl e e L e 2%
AL, Waters600 =50 AH 1%, B Waters 2487
SEHMEIIES D 4.6 mmx250 mm C18 SUAH (S .
1.2 R FE
1.2.1 it

ERE 34> Cd {504k (6.9 .18 mg-kg™) F1 4
A PYR V54 E (0.5.50,300 mg-kg™). B, H
CdSO,-8H,0 Pt B Tty 19— R A JE 73 A+
Herh IRA 5] RES 1 60% 5 KR (WHCO)RRE 1
AL ARESIN Cd Y I AEA RS T R R . Hige)m
113 HARXTIF2ed 2 mm i, B 200 g 7oAy +33 6
EE AN IR TR 2O TR 345 A3 ) 35
(15 kg ML), REF 60%2WHC Tl %= 2
FEM R FISRAE LA 5 T AR AT R AR e B

2% 1 Fir/s 145 Ab 38 A 3 vh 23 51 A 95 PH %))
B (3 Bk - 271D, [ S e 7 s —Ab BRASEAN o 49 1) % R
H, AP 3 AN ZR AR P L R AR
R 22 A A B BB IR & T AT, R R L WHC
60% /A7 , i H 1 60 d.
1.2.2 FESREE

60 d I ZE AT I E T PRk m . R IE R
0 N 7 7 5 B R /L L s RV L 12
Fr A HIRE S B LR 65 CTH L H il
T B M AR AR AT, i 60 H
Je e, BT okA (4 CO rp & . IR TESE IR T

1 R EAE T IERTLEYRME RAIEKE (mg-kg™)
Table 1 Initial concentrations (mg+kg™) of contaminants

in the treated soils

e &Hﬁ:“{ﬁ%yu i%%ﬂ{lﬁ &b?ﬁfﬁ%f{q ifg?ﬂtﬁ
Cd e Cd e PYRWE  PYRWE
CK 0 0.3220.02 0 ND
Cd1PYRO 6 6.04+0.53 0 ND
CdIPYRI 6 6.04+0.53 5 5.11x0.27
CdIPYR2 6 6.04+0.53 50 50.08+0.63
CdIPYR3 6 6.04£0.53 300 299+9.95
Cd2PYRO 9 9.1620.88 0 ND
Cd2PYRI 9 9.1620.88 5 4.96+0.48
Cd2PYR2 9 9.16+0.88 50 51.0120.83
Cd2PYR3 9 9.16+0.88 300 302.13+11.01
Cd3PYRO 18 18.11£1.12 0 ND
Cd3PYRI1 18 18.111.12 5 5.150.74
Cd3PYR2 18 18.111.12 50 50.94+1.06
Cd3PYR3 18 18.11x1.12 300 305.47£12.02

1 :Cd1.Cd2.Cd3 43 HCFE N Cd 6,918 mg-kg™ 143 ; PYRO
FORAUIN PYR # +-3% , PYRI PYR2 PYR3 73 S fU A PYR S
50.300 mg- kg™ {9138 ; CK ARFARBMNHE A5 5L ) 13 ND 7ok
frtto Flal.

Note:Cd1,Cd2 and Cd3 represent soils spiked with 6 mg-kg™,9 mg-
kg™ and 18 mg kg™ Cd, respectively; PYRO,PYR1,PYR2,and PYR3 rep—
resent soils spiked with 0,5,50 mg-kg™ and 300 mg-kg™ PYR, respective—
ly; CK represent soil without contaminant additions; ND represent not de—

tected. The same below.

KT Je, FISESHFA RN, i 100 B R e b, 5T kA
(4C)rhsH.
1.2.3 e i

P - 498 g FE A FAb M R R 40 B
ﬁg[m}o

TR Cd B B E AP AR G A HNOs-
HCIO, 4k, 14845 1 HNOs-HCIO,~HF ji4k, >k H
KIAEF WO EEFIE Cd &,

FEA) L PYR &5l - 18 AP B8 48
R BRSO 14100 5 12

HPLC/UV 43t 544 - Tt 2l AH iy B 7K (83:17),
LN 1.0 mL-min™, #1930 °C, AR 20 pL; £
WM 235 nm,, EEAGINBR A 54.9 pg- L. T AEHEER)
TAR % A 92.42% (n=5,RSD<5.5% ) ; f ke hn
Fr a2 45 51 85.2% (n=5,RSD<7.89% ) , A] AT &
1.3 iR

Cd ORI 2 2K TF>=%$¢
A Cy LA HE ER A Cd e ,mg-kg” DW; Cyr Rl
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y . _ G XW oy +C X Wi
Cd I 285% PR(% )= ConxW on

K :Cy U RS Cd WP  mg kg™ DW; Wy 2R
Mo BRI T WU, ks Co v L T ) Cd VRS, mg -
kg DW; Wy il N5 T kg C oy T HEW)
I Cd WK EE , mg-kg™ DW; W oy A XT3, kg

PYR {15t ) 5B 3K DR (%)= (5 C

L :Co Jy L1 PYR 9106 & i mg kg™ DW;C, H
60 d 5 14 PYR 4, mg-kg? DW,

IRIHCHE A SPSS 20.0 Gei Mk b f T ab B S
3T, 38 R WU K Ty 22 53 1 (Two—way ANOVA, St
LSD )k He#¢ Cd \PYR AHEAEFXT 75 PR B AR K TG 5
LG BN R Al I W e oy Ny S B S [ B 7
22, R Excel 2010 il

2 #REW®R

2.1 BHAEERK

R A A o S S AR A K IR 0 1 o
etz — AP R, AR Y e TS Y R
PIPUTE R AE KRR B IE S B — e R &R
60 d iIXIG 455, JPHEH B34 T 82 %] PYR ¥
JE) B H 252 Cd ¥R & Cd-PYR AHEAEH

x100

SEMAAN 2 5 AR T4 B3R A3 R TEAZ 3] Cd
el .CAd-PYR A EAE A B 2 52, [Rl I 32 PYR ¥
JE AR S 25 52 SR B R A2 8 Cd PYR YR JE K
(IR 2% . CA-PYR AHEAE 0 B2 50 .

WVEEY) AR T R R R EEOR I E BT R
Z— EXHE K N SRR AR ) A PR
o EL Sz ARGE SRR (Y Cd HIXHHEY AR
A — 2 HEAN , AR BE Y Cd( <5 mg-kg™) A LA
BRI PR R S S m R AR AR A K . A
RGP, B— Cd {5 YL ab 3, 95 Pt b Kot B4y
THE Nk AR Cd VR BE 3 0 46 38 R s/ < AH
XFF CK Kiji, CA1IPYRO Ab B P 5 Ml || Mo T
SN 4.8% 14.44% , BR =¥ 0 8.7% ; CA2PYRO 4k
PRI PHE M b M R T bk 2 5 R IR 2 R
123 ; Cd3PYRO AL B PR | R T F 45l b
14.78% 20.77% , ik = AH FL X BEAIG 11.48%, 156545 51
SR EE Cd(6 mg-kg™ )2t 1 I3 b N 3
TEBA B A TR RS Cd (18 mg-kg™) W25 il 75
FHECRAE A, FOGH T 3 43 4 i A R T4t B35
43 (E 1),

PYR X484 K A T 28 8 32 2 B e TR P b
X ZRERMEPOHE - S A 10~50 mg-kg™ B, 5§
AE A SR IIC k22 5 Y R o
KT 100 mg-kg™ BF, EEXTEAE A5 AR Kl B — 1)

30:’ o | Ry
T Ol b B
H_& 15H 1 -.E ] S Eg
5l | =
AL iFrmiir-miii
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()5\‘3 Cﬁ\? ()6\? ()&\? U\f),? S ()X)X O\@? ()&5? (‘&3? ()&\5‘2 C}@?
Ji 2E 5 hr M ETE T M
[oiR735°S NS i o
PYRxCd NS * *

ARG TR 0.05 BEAKY-; BRI UN R T 22004 2, * AR 0.05 B KF, *+ {3k 0.01 B KF NS LR REZER. T

Means with different letters are significantly different based on LSD(P<0.05).

Two—way analyses of variance(ANOVA ) are shown below the graph, *: P<0.05,**. P<0.001, NS: not significant. The same below

| RELEHRFAEME MTEHS TFERKS
Figure 1 Dry weight and height of Sudan grass as influenced by Cd and PYR treatments after 60 days of growth
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P, EREE SNREE B IR VR R i s
T ERAEL Y - HE R RN 20.24 mg-kg! EEHT, 75t
TR 22.23% ., AR S PYR XHEY A KA
] FEHUVE A C i34 . Lin 2524738 Cu-PYR B &
1GY - PYR W REZR MR T Cu X E KR E 1M
Wang 2508 5148 14, 725 Cd Wk BF +38rh , Cd-PAHs A1 .
VEFH P REXGSR TS Y W R stk o AR ER XY 44
Cd 4bF k(9 mg kg*)%ﬂiﬁ?%%ﬁf}%( 18 mg 'kg'l)
i ,5 mg-kg™ PYR UM 028k 7o MRy AR K,
SRR B2 (6 mg-kg™ ) Cd IR I3 IR Fy A= K )
BEA 535500 AR N 300 mg-kg™ PYR fi4 -3 9574
M b MR T E Kbk R /N LA AR B, 300
mg kg™ PYR X 95 FF R 9 A 4 7= A 1 P o (0 400 o 4
FH R E 4 BIRAR 44.18% ,42.30% ,37.70% , il 4
e B X LSRRI LR E PYR(5 mg-kg™)
W R (9 mg kg 18 mg-kg™) A ELAE FH VT HEZE
fif TAEPI R WAR E T 20 PR i AR K T
J& PYR (300 mg-kg™) 55 Cd A4 L1 U AT 6 38 56k
T Cd i EEtE. Bk, E &8T5 L3 5y
[F1] () A B AR AT R 2 PR B A [T 7 55
2.2 HAEREHTRBFRE

S FHE L Ay MR R Cd RS2 E] Cd Al
PYR ¥ .Cd-PYR AH EAE M) B E 5 m (1 2) .

AGRIG RS R NSy Cd A R bl
-4 Cd M BE 4 G, 5 X SRR AR o 5 4
R—FH, FFHERE S E R E KT 3 Cd %
i, ATRBIR R RS RO T Cd X Ho E&4

()55 5 VR TR 2 AR B2 2 ALY Cd AR >k

BAT5Y 58 A LTS Y 0 A RT BE 2 %A
YN LI R R E AR A — e g, HAE
2SR SRR 5 PRI AR IO R A
55 PYR AU IS 5 PR B B3R5 Cd & ik T
Hi— Cd 5% (CA3PYR3 [ 41 ), Lin ZE207E BF 5% % K
&5 Cu-PYR & A 15 e 1300 & B0 T RBIM S5 2R 7
Cu V&£ 4 400 mg-kg™ +- 4, Cu-PYR /154 +
e £ ok FER A Cu B EMKT Cu s —I5 4+
5, Yang UG RIE , B Cd B KRR
Mo B #B5 Cd & Rl LAF 7808 : Cd B—i5 4+
HESPAKF PYR V5 38 IRINR TRV EE PYR Xf
P % 115 O v e G o N i - P B 5
Cd Ab FHARA S (6 mg-kg™ I, B[R] B PYR
fEIRPFE T Cd & B ks e Cd
Ab T P SR FE (9 mg - kg™ ) B, S IIAS [V BE PYR X
SFPFRARTR Cd &% A B Y g Cd 4
F e (18 mg-kg™ B, fIKH BE (5 mg-kg™)PYR [
Bt Cd 7EH R ER A R Ry A RIVE R, ks
(50 mg-kg™ )l 1 #¢ J& (300 mg -kg™ )PYR [ &S i &
PEHET Cd AT PHEARERIAL B . Chigbo S EWTF 5T
BN RMER Cu-PYR K575 Y IR 15 25 I 45
W Cu &b A A e BE B, 5 n AR () ok B
PYR X EJEESTSEARTR Cu &= AN FEH

Y -3 PYR & 7E 0~300 mg- kg™ 30 NI,
Cd 7E 93P+ B AR N5 1 ZE0TE 0.28~0.61 22 [i] . PYR %
NI Cd 72 H5 P EAR N B 5532 77 T AN [A] B 52«

2100 . 107
< 90 L o Ewr Tk - Esi _
g % - 0.6
a7 %0 Fa =
T £ 70F o fa " ! - 0.5 ﬁ z
3 B e Tr £ s L =
i g 00 " 04 % =
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Figure 2 Cd concentrations and translocation factors of Sudan grass under Cd and PYR treatments
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e Cd M EEAE TR K P (9,18 mg kg™ B, A
[ PYR (MG T Cd MR NFEZ ;24 14 Cd
N 6 mg-kg™! BF, PYR [T AHEIXF Cd 7855 PR A& Py (1
AR W BER

AR RS R A R R Cd SRS Cd B
SR K TR 6.9 .18 mg-kg'Cd B
LB Cd S84 5k 0.72~1.62 mg- %57 .0.83~1.74
1.15~2.03 mg- 75" (£ 2) ; PYR (AN T Ay %k
Cd AR, RIE AT Y59 PYR [T 6.9
mg-kg™” Cd FIHIPIE S R0CR
2.3 +iEd PYR kK

3E i PAHSs W] LL3E A3 A= P R i AE SRR
SRR A YR A FERE MR, 60 d A5
SR, AR PR AL 148 PYR i i
TRE, BRI FBLEAR AT AR P - RUE YT
PYR (R A B i R Al AR 5 575 R AR IR
WA X PYR {1 B3 19 53 ik 56 1] Z W AN 1128, lp
FEI IR E A -3 PYR B2 bk 3 B3 s A P A AR B
BN SER AR TR A R A HIL TS e I e A RS R R A
Pk .

VR0, ALY AT DL 25 4 v e
PAHs A2 B, 0 Lin Z28F58 45, FH K kB E
500 mg-kg™ PYR {5 4¢ 30, ki KM ALEEH 1
5 PYR 5% B i IR TR FOR AL . A e
o, R SRR AL ER D PYR LR B E S T
FHELRXT RN . Rl 5 PR A A B PYR B 25 BR
N 59.18%~88.46% , T JCHnFHE XS HRAL PYR APk
BN 12.92%~40.73% (3K 3) o XIS A= 10 5L R
— 7 16 P BE AR AR PRkt e A U i A K RN Pk
FEAE TR, 5 — it T RE A B THEIAR R 4%
WPIRIET PAHs PRERRZSY, 5540, i FAEYIIAR &
TE TR PRFEAAAEAR K22 50k ™, AS[RAE ) %)
PAHs V5 HIEERE T SAIRAMZES . Ak
55 R BR3P R AL B ) 3 PYR e BR AR ik
88.46% , FI fig 573 PHEAR R ik FEMRA K IR G

AT Y e, B4 JR X PAHSs [Afi# i 52 i B
T AP RIS 4B A PAHSs BRI K e BERY, 4
1€ Pb-PYR & & i5 4 -5, Pb i A& &5 T AR BR
FAEMLBR -5 rf PYR (9 5 BR %P 10 Cu-PYR B &
V5 AR B EE Cu B ARG T 14 PYR 11
Z2BRP, Sandrin S5k B AP SR B A E AR AT
RESSNA MLIS P e 2 G IR 2 rh T E DR A o A
I, ARSI AL B PYR 76 R A DBk

R2 HAEME MWTERS Cd IRBERTIE Cd EYERE

Table 2 Cd accumulation of and removal from soils by Sudan grass

HECd TGl HHRER

w g RRw g 08

mg- 73! mg- £ mg- £ ;
¥i— Cd CdIPYRO 0.94£0.17 0.68+0.03 1.62d 17.88A
549 Cd2PYRO 1.15+0.27  0.59+0.04 1.74¢ 12.66B
Cd3PYRO 1.17+0.06  0.68+0.03 1.85b 6.81F

Cd-PYR CdIPYR1 0.69+0.02
HEA75Y CAIPYR2  0.74+0.04
CdIPYR3 0.44+0.04
Cd2PYR1 0.70+0.04
Cd2PYR2 0.81+0.05
Cd2PYR3 0.55+0.01

0.50+0.05 1.19g 13.13B
0.54£0.15 1.28¢f 14.13B
0.28+0.02 0.72h 7.95E
0.85+0.03 1.55d 11.28C
0.64+0.10 1.45¢ 10.55D
0.28+0.01 0.83h 6.04G

Cd3PYR1 1.10+0.06  0.79+0.06 1.89b 6.96EF
Cd3PYR2 1.08+0.13  0.95+0.03 2.03a 747G
Cd3PYR3 0.73+0.04  0.42+0.02 1.15¢g 4.23H

Ji 225

PYR mrg * * * *
Cd ¥k ook ok * *
CdxPYR *k NS * *

=3 BAIELEH PYR RBEREKRE
Table 3 Residual concentrations and removal rates of PYR in soils

as influenced by Sudan grass

ke S5 5 RIS B

S PYR PYR PYR PYR

WM img kg?  RBRF/% FREEMmg kg KIRE/%
CdIPYRI  0.580.13 88.46A 2.99+0.55 40.73a
Cd2PYR1  0.720.32 85.51B 3.05:0.21 39.55a
Cd3PYR1  1.0120.11 80.35C 3.38+0.30 38.43h
CdIPYR2  12.0943.55 76.89D  39.41%1.55 24.67¢
Cd2PYR2  12.76%3.21 7498D  39.06x1.21 23.42¢
Cd3PYR2  14.50+2.09 7L53E  40.0422.34 21.39¢
CdIPYR3  115.65£11.74  61.04G  255.816.69 14.40e
Cd2PYR3  120.04+19.29  60.27H  260.5610.21 13.76e
Cd3PYR3 124701005  59.18H  266.00+11.17 12.92¢
T 5T
PYR ¥ JiF wok sk
Cd ¥ ok NS
PYRxCd NS NS

RZ PYR Ml Cd ¥ FE (M 22 520, {0 PYR-Cd AHH.
YEFAR i 3 h PYR A9 2288 (DUXUR &7 2243
Br)o 13 PYR By LBRBREE Cd W EERHE KM ),
XA = A i R AT RE & Cd Al PYR B A T
T A EAER , S Cd (PR
A K 3 B 5 X AR s 2 B 7 A T 0 T R )
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M AR BRI E A F) T PYR BYREA% , [F]If PYR 7]
RENNIE T Cd XA e E AR, R3S Hrafa]
VIR, SRR 5 P B A A BEAR L, ASBh 95T 5 A Ak
Hirp 43 PYR L BRARAUZ L HEYILR PYR W 1Y
UEE AR

3 £

(1)Cd-PYR & A5 1 (R (5 mg-kg™)
PYR W@ Z e 705 FHE AR K, Rk EE (300
mg-kg™ )PYR [ E I ™ S 0] T 5P i A K

(2)FFFEAT LA Cd-PYR & 475 4x 1 e #LH
Cd, PR Cd SR KA 13 Cd VR (142 5 B %
B PYR B IMG T Cd FEA SRR N 152

(3)EAT5 YT PYR LR ZBEE PYR ik
JE 3R S 2080/ )N s IR 5 P AT DA 4 o
PYR 9 L:BR%,

(4)FPRE S A5 e 3 VR EEPYR
5K PR EE (6.9 mg kg™ )Cd A ELAE FIREAR T 95
FHRO 3 Cd B R 0%, SR 50 mg-kg™ 1Y
PYR #4215 T & e B (18 mg-kg™)Cd V54% + ek
FHERUR Cd [ 8 [, Cd s il 7 38
PYR (2B, FHAMGIFE LR Cd SR B2 iy 34
BRI, PSR CA-PYR A T5 L 3R 1&
R Cd A PYR MIEAE R, HI52>
[i1) F) A A 28 780 AT 6 25 DR TS e vk B2 AS T i & A=
Ak

(5) AP FFE 0 B AL B AR 138 PYR 255
A% CA-PYR MIHAE MR

S 3Lk
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