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Decontamination mechanism of Cr( VI)-polluted water in constructed wetland
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Abstract: A three-stage wavy subsurface flow-constructed wetland planted with Leersia hexandra Swartz (SFCW-L) was set up to decontaminate Cr( VI)
from water, and an unplanted system with same design parameters was used as the control. Electron paramagnetic resonance ( EPR) , X-ray photoelectron
spectroscopy ( XPS) and Fourier transform infrared spectroscopy ( FTIR) analyses were applied to determine chromium species in plants and sediments.
Organic matter, pH, and E, in the sediments were analyzed, and the mass balances of Cr in SFCW-L were conducted. Cr( VI) removal efficiencies in the
SFCW-L were significantly higher than those in control. Accordingly, the organic matter content in the sediment of SFCW-L was found three times that of
control. The results indicated that L. hevandra was able to increase organic matter, thereby enhancing Cr( VI) removal. Chromium was found to
predominate as Cr( Il ) in plant tissues, though 1.95% of the Cr( VI) was observed in roots. L. hexandra was able to reduce Cr( VI) to Cr( Il ) which
was observed as a Cr( Il ) hydroxide phase at the roots and as a Cr( Il ) -organic complex in the shoots. In the sediments, Cr was found predominately in
the trivalent state, while Cr( VI) accounted for only 4.99%. XPS spectra revealed that Cr( Il ) and Cr( VI) were both adsorbed on the sediment surface;
however, most of the Cr was trivalent and might be in the form of hydroxide. These results suggested that Cr( VI) was reduced to Cr( Il ) in the sediments.
FTIR data indicated that hydroxyl, amino, carboxyl, C =0, C—O0, and C—H were involved in Cr adsorption on the sediment surface. Therefore,
organic matter may act as an electron donor for Cr( VI) reduction. The SFCW-L effectively reduced soluble Cr( VI) to insoluble Cr( Il ) compounds and
transformed them into inactive parts of the biogeological cycle in the wetland ecosystem, thereby removing Cr from water.
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1 5|5 (Introduction)

B (Cr) s —Fh )2 N A ok JsURE, A8 | Bz o
TN T AR AR 2 7= A A Cr B AK I T 3 /K AR V5 .
KA Cr EZLLACe( VD) FCr( M) PIFPEESE 1A
AR, MCr (VD) FCr (1) fE31E B Sh PE A A=W A
BOE EAFAE G B 22 5. Co (VD) 38K DL CrOy Al
Cr,07 JEAFAE A 35 H AT, Bk oy 2 BOms F S0
Y% ( Broadwaya et al.,2010).H T CrO;  Cr,03
i, (pH>3) (Dragun, 1998) , A5 8¢ 07 ¥ Jii Il A5 #L
Py 5w B, PRI Cr (VD) 78 30 85 vh 7% 2 PEAR . A s
Cr( IIT) X 3% i HLAS 5 %% 3l ( Blowes, 2002) , # 1 4
Cr( VI) 9 1/100. K B, 85 Cr( VI 38 J5 % Cr (D) S22 0k
DIKAA Cr 154 1) 2R AR

HAT, R K Cr( VD) 15 3 00 J5 A L il ik i
B ASEUTE I | B 1 24 ik AU AR W 0 J i 55 (5
T4 ,2007 ) , {H 3 86 J7 32 55 B #E K it 1 e IR A
I H AL o, ANad TR TE AR AR BE 9 Cr (VD) 75 4%
pI NGB LN/ N BT DS B s = W S i W NN (1
FEAIAE A5 M 55 D1 BB 554 55 ( Babatunde et al.,2008) ,
P, BN R —Fh 2 BE AR Cr (V) ERR AR

2R ( Leersia hexandra Swartz) &P EEE N H
U IR A % AR A, 4 Cr (VD) ANCr (D)
RS AR 52 F1°E AR BE ) (5K~ 45 2006) , JF HEA
ARG R R LIRS TN TR S AR AL (Liu
et al.,2011) . Kt iZAE W) AE KR Cr (VD) 15 Y 5 b
RN AT 5% AR A S50 v, FoAT A LA [RORAE
Shy Nt A ) A g ) = B B W T N T ek

FERA

d=2 cm A d=1cm

0.30m
028 m

Cr( VD) V53 KR BA AR SR 19 e L BE /1 (You et al.,
2013) BRI, 120 1l 3 Ge X K AR Cr (VD) 19 25 BR L2
It

PR AT 5 LS 36 2 MU 19 2 FGOR T8 2R 42
G LREis TR I EE LR (EPR) (X LR g
T (XPS) fHHL SR INETE (FTIR ) 55 T B, X
M AROK B 8% 1 25 A2 A K3 s R S RN AR ) b
AL RRAE EAT 0 A, AR 28 IR M R 58 i1k K
PRCr(VI) B9 A=y o Bk AL~ LB, DASH oA 2 s 36 19
AL PERE SR AR A 3.

2 ## 57 % (Materials and methods)

KBS &

S TR E KM R AT SR HILL PVC AR A &
B = B IR AN T8 (1.3 mx0.5 mx
0.3 m, KxFax, B 1) o K X4 0.1 m, {2 HE
K 1.2 m, W@HE53 o 3 B, BN 0.4 ml TR
TN 0.1 m>m™>d™" 7K E R 0.06 m™d™', 7K
JHEREER 1 d. 3K XIS 0.28 m ERA (ki
2 em A7) FEUREE N 0.25 m, Hdr )22k 0.05
m [BRA (KRR 1 em Z247) , B28 0.2 m G £+
PRI A FE 0 (REH s Je sk =2: 1, (R BLH, Ridz 0.9
mm ZEA47) B HAR Y —2F [OOR MAE AR T RB R4, LA
80 M m™? A TR T L TR 1AL 2R ECOR 4% & i R
I 5T A % 5 B (5.47£0.15) mg-kg™', fl
B b 4 5 T i 2 R 132.0 ke, T AL
N 3.50% £0.06% , pH N 7.52+0.02, E, N
(392.744.5) mV.

2.1

d=1 cm d=0.9 mm

Hik

g

E1 ZBXREERXALERMREE
Fig.1 Schematic diagram of three-stage SFCW-L

2012 4 4~6 H N IRARARKI  HRORAERK R
6 H AR FEARMG LA JE M 2012 4 7 A FF- 46
B4, Cr( V1) 154 KA i K, Cr, O, e il 17 5 , 127K
Cr( VI) ¥ 3 5 4 BEAK YR 2.50,3.75.5.00.,7. 50,

10.0 mg- L™ R EL K5, 1847 2 2012 4E
12 A SE86 R AR R BT Jo R 9 N T3 b A R ot
HE SR T 28 [COR AT R 47 % FE AR
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2.2 BURE T RO E

MBHIBITEE AT, R AT A AR P4
T Hb 114 B T B 2R [ R A MR AR L 25 b AR 25 it
VGG —HB43 8 T 105 CHEAETh AT 30 min, RS
80 CHLTZHE , /5 T Cr I E ; 75—
FOOT BTG B TR R AR R, T B ARy
AR, T EPR ARG I K A BT 105 °C HE47
PET 2 E 43 RIS 2o 0 I, 2% QR 10 b ) 56 o
— BT A PR & pH E, Fl Cr B9 5E , 55—
AT XPS  FTIR BRI 5 X HE T2 1 £ 32 5 0 o2
HAPU G pH M E,Hr R 25 i i
Cr( VD) FEE IR FH A T % 12: (EPA3060A ) |, # %
BUG A5 2159 Cr( V) FH 0B — k43 e B ik it
FFONZE 5 & Cr BERIBCR PR 20 vk, B T s 15
F Cr F AR F Ao 6 B VR A T I 2 5 A HL
JoT % e A R FH A R B 45 1k pHLLE, I DN
SR FH L it SC B 1 8 3 A PATHE , HBOH %K
P () A (E e v 25 S S 25 2
23 LR EFEMNHE

SCE AN A T FEALHE  Sartorius PB-10 %Y pH 3,
ORP & &4 TRF-2 %1 3001 \SHZ-B Ak

T H IR 2%\ UV-9600 2558 AT UL 43 SO FE T AA-
700 JEFIZ IS EIERE T JES-FA200 I 4 4%
BREIL Magna-TR750 i B A5 e 21 A543 | Axis
Ultra 2 Ifig BUS HL FREREAX.

3 Z5R(Results)

3.1 ZERABHAGHC(V) y EThR KT
W4 & pH M E,

FE 1 AT RAFE S, o HE T 35 5 o A ML
B 3.50% AR 1. 12%, VS L R 57 £ 1%
Cr( VD) (b A5 P AL 78 320 37 94 T . T 2% EC R
ML T e B A AL B o A SR AR AR R A A KT
(3.36%) , 5= X%F IRIE LK) 3 £%, HLAECr( VI) #E/K 3
R 10 mg- L7 A, 2R [RORIEH R G R Cr (V) AY &
3% L0 B 1 H 11.39%. 33 38 B 25 R AR B8 i
T b o A LT B, AT B R T IR M R G X
Cr( V) (e AL BE 7. W 4110 b 32 S Y pH 29422308 p
PE(FE ), E5E8F 1 RE E, TN, P48 38 5
i Cr ¥ EZLLCe( 1) B XA FE ( Bartlett et al.
1976).

F1 WHAERHMRSEWCr(V) WERERERNEGIREE . pH T E,
Table 1  The removal rate of Cr( VI), the organic content, pH and E, of SFCW-L and control

AT R: LS| Cr( VI) EBR%R LRSI s pH E,/mV
2[RRI Hh 95.96%+2.45% * 3.36%+0.41% ** 7.28+0.04 -226.8+4.5"
ToAE Y% B 84.57%+2.68% 1.12%+0.21% 7.43+0.04 -185.5+4.8

o Flwox FORBURAFEAE B 22 5 ( # p< 0.05, * # p< 0.01,1—test,n=3).

32 ZRABHARERETH

B2 0T LA, 2SRRIV 2R 48 i Hh i)
BAUNTEAF S RGP 1.97% , i I #E A
T b 3R 8 VRS 4 R o Bl A B E T R R g AR
BMaERLR PS8 THARBBRE PHEY
83. 88% , R AR H A ERAN i 3] 14.15% , VLWL FR 7E

& FH Cr(Im)
E#m Cr(V)
10.40% [ 2 F R AR Hr Cr(1)
XY s i R et Cr(VI)

2 BEFRREHMRZZNRTNSHE
Fig.2 The mass balances of Cr in SFCW-L

T b, 2R 295 HH A A% 48 S A A A T R T v B s
Cr( VD) 4.99% , Cr( M) (5 %] T 78.89% , i W %
Fr iy Cr KERS3 A Cr( ) 28 [RAR B 2538 TR R
K2 Cr( VI, Cr( 1) A8 T 1.80% 5 25 [C AR MR
FEICe( VDAY 1.95%, Ce( 1) 3] T 10.40% , AT
AR R KRR R A Cr (VD) X 1.95% , Cr( 1) 15 31
T 12.20%. X B W R bR Y Cr EE LU
Cr( Il JEAFTE.
3.3 ZKAFMC( V) 5 EPR i & 4 #r

g MU S T R et — B T A F
SR REA R, Sl AR B T d R TRER
WA L, HARMZ Cr i d B T3 2 e e
A AR, H AT DUR 2 2 A5 A7 7] — ) A A (B
PP, 1981)  FHIE 3 Al AR UEY B K, Cr, 0,1 EPR
T AR A 00 4 3 B P U HE BB I R AE 0 B
Y CrCL Al Cr( OH) , 1 EPR 3% EI7E ¢=2.00 4b3
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AR A5 5 X AREY BT C Cr, 0,0 6H,0 1Y
EPR 1K1 g=2.20 247 B B 19 (5 5 DX H[5) i) 72
g=4.00 &b i PR IEIE.

ZERARMFFRY EPR 1B EITE g=4.00 &b i BURHE
g, HE5 CiCr,0,,6H,0 FiEWE g (H—3. i T AL
ALY R R S AR ES  Cr( 1) -EDTA 7£ g =
4.00~5.50 ¥4 H BUARAEIE (Howe et al.,2003) , K1,
ARARMFR R Cr( ) LAIA PLERSE A S IE A7
FETE g=2.00 AbFT s 80— R SRS 41152 T LA
25F Mo( 1) A1 Cu( I ) (Howe et al.,2003) ,{HHLA
HEBR MU 5 XA A e D i Ce (D) 55, R 3L
WG S XK g (65 Cr(OH) J54EE S X g
B —3, Fr A A AT BB AAFE Cr( OH) 5 2% [RARAR &R
) EPR (& EI7E g=2.00 &b B B 155 X8, 5
FRUED) BT Cr( OH) 7= B A5 5 XS 1) ¢ (H—3K,
A 28 [OAR MR AR i Cr (1) LA SR A W B E A7
TE S5 ZF AR Cr (V) ALY 1.95% Cr( 1) /5
FT 12.20% (& 2) Al AL, 22 FRORREA RO Cr (VD)
WERSCr( D). JEAh, 22 [CR AR EPR 3% K7 ¢ =
2.00 Fl g =1.98 &b H 3G 7 22 19 4 5 X8, U
A 3.89 mT. B 55 3% B ( Weckhuysen et al., 1996) ,
Cr( V) #E(5 S AAAE RN E T g=~2.00 J& B HIg 58
<6 mT, B 2% [G AR MRS Hh i (] B A7 A /D a5t 174 v i)
MAasCr (V).

K,Cr,05(Cr®")

g
CrCly(Cr) ~

%
3+
Cr(OH);(Cr* %\/—

C4Cry04,°6H,0(Cr*")

=320
nt
£=2.00
=500 e=1.98
L 1 1 1 1 1 1 1 1 |
-200 0 200 400 600 800
T#3%/mT

3 FRARMEBIRE EPR & E
Fig.3 EPR spectra of L. hexandra's leaf and root

3.4 ZFERAEMEFTBMC( V) ¥ G & @47

3.4.1 XPS i XPS SRS & 430 . XPS 584
FTTLAZS B HOAT He DIAMNITA JCE B NZHE T
SEAHE AT N EE S G R S R R AT L
B 0 2 THT 19 Ab 2 B 43 Be A 85 i (BRI K, 2007 ) .
& 4a AT %0, FEJRAE 531.88 eV 40 H B T 54 | 1
HEBHBH 0;7F 284.63 eV F1 102.83 eV &b Hi B

5506 FeIAH: B R C A Si. Ak, B 4a AL
Ca Fe JCZ M W5 ] BE. fh &l 4b W] 1, 56 o0 0% B
Cr( V) J51E 577.87 eV AL T Cr2p,, R AL, 156
B} Crr W52 o 7 008 b G I 3 1T 46K B 6 56 0 v A 4% o 31
T AR RS R 83.88% (& 2) , I ATR
Hiu %) Cor (V) = 23 a5 %) W0 B i 5 28] 25

5X10° a

Ols
4X 105

3X10°

CPS

2X10%

N Fe2p
IX10% gipp Cls

\IZPI \ Ca2p

RYTAN.

1 | 1 | 1 1 1 1 1 1 1 | 1 | J
200 400 600 800 1000 1200 1400

(=)

iy 1Y
Jo Ols
6X103-
5X105
4X103
& 3><105—
£ 2 L
S 2
2X10 Cr2ps), Fe2p
B Cls
1x105L Sizp \ Gazp
A2
\

| 1 1 1 | 1 | 1 | |
200 400 600 800 1000 1200 1400

iRtV

(=]

Eld4 ZRRBHERBMCo(VI)H (a) J5(b) I XPS
& E
Fig.4 XPS survey scanning spectra of SFCW-L's sediment (a)
before, and (b) after Cr( VI) adsorption

Cr2p R4 PR XPS (SR AT i I & @ u R W
WA LA E B R (2p,, M 2py,,3d,, FT 3d5),
A5 MRS [ HE | BE B 7 B AIRE 2R AT IRk it AT 1k
MRS IS E (BRI AR, 2007). &S AT AE
577.87 eV H1587.12 eV Ab i BUAR B & () Rk, 43
FML K Cr2p,, A1 Cr2p,, BB 09 H F 45 & 68 X
Cr2p,,, BLHE P RRE W IR 1T 430 | 15 21 25 & BE 20 il ik
1 577.29 eV #1579.72 eV b Hy P& Hodr [ 579.72
eV b —8/NF W A Cr () BY 2p,,, HLIESS A
W HTE 576.8~577.7 eV Z 6], — & A KT 578 eV
(Park et al.,2008) ;Cr( VI) 1 2p,, Ui 45 4 fE3m
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£ 579.0 ~ 581.0 eV Z[H], — & K T 578 eV ( Park
et al.,2007) . FIL, &l 5 1 577.29 eV b RFAIF 16
Cr( 1) 2p, , BB LS A REXT N [ RFIE D4 ,579.72 eV 4b
FIFFIEIGE R Cr( VD) 2., BILIE 25 6 BEXT N A R AE U
T XPS W T FUAE 2 0L s 17 49 J5 34 T O 2 M A
HYAR ST & (FRIL AR, 2007 ), R, MBS AT LR
TR Cr( V) & ARG, Cr EE N
Cr(I), 5 2 FFi Cr( VI) A5 4.99% . Cr( 1)
AP B T 78.89% I 45 FAH — B, 3 B IE AR L)
Cr( VD) 752 7 85 38 JR % Cr( T . F 28 2% BH ( Simon
et al.,1994; FhR5F,2007) , Cr(OH) 5 Cr—O0 HEfY
Cr2p,, W T 577.3 eV 4b, 5L i F m Cr( )
2., FEIF I L TE 245 & e IE o 2 X SR L o 3R
Cr( ) BY&45 A RS FTHE N Cr(OH) 1 Cr BYZE A
ARAS BICe (D) AT B LA A S AL A7 2. R R, 36
W B Cr( V) /i )5 A7 4E Fe JUZ (I 4) , HED
Fe( I1)XFCr( VI) F938 I AT RERE 2 T — & I 1E H.

24X10% -

Cr2p;

23%10% F
2X103 1
201X 1031
w2
[a M
©20x10° F

19X 10%

18X 10° |

17 X103 |

1 1 1 1 1 ]
565 570 575 580 585 590 595
HSifriE eV

BE5 FRREHERBMCe(VI)E Cr2p 54 %3 XPS &
Fig.5 Cr 2p high-resolution XPS spectrum of SFCW-L's sediment
after Cr( VI) adsorption

3.4.2  FTIR 2o 4r  wi & 6 A1, 35 b 3 ot i b
Cr( VI) ZRiAE 3430 em™ ZbA7AE—A 38 11 ve A3 7
Ui 5T 3R T AF FE O—H  N—H {1 45 41 2115 2930
em™ Rb R i s 5 —CH, 1 2 % R 4 1 SR G
2360 em™ b HZ S H CO, IR ; 1630 em ™" Kb Y
Wi 5 C =0 H4HRIHE ;1420 em™ &b By Wi
HREPH C=0 4R3I HHE ;1260 em™ AL AT
g5 C—O M4aik s A5 ;1030 em™ AbA 5 I KL
I RIHE LA Si—O0—Si 1) % FR 4 45 4k 30 ; 876 .
795.692 em™ Kb AW I S C—H 925 4R Sl AHC.
FEFR A Cr( VI) J5, 3430 em™" 42 4 W AT I 1) 125 e

X#ET 10 em™ , LR EMERETES ST Cr
BMZ R ( Lim et al.,2008) ; 1420 cm™" 4b ) I 1Az U [i7]
FEUX AL SN T 30 em™ IR RIS | R R AR
aae s Cr() & 4 7 WA AE H ( Figueira et al. ,
1999) ;1630 cm™ &b 4 W Wig e i) A7 B IX A2 30 1 80
em™ FEIE R MCHT , IR 1260 em™ Ak 16 15 5 e 7
2,692 em™ Ak M AT I ) AR D B X B B 117
em™ R C=0.C—0 .C—H FRH5 Cr AYW K}
A % (Huang et al.,2009; Jain et al.,2010; Bansal
et al.,2009) X LELE R KL ot A A HILB A
HHFHAS ST Ce( V) L.

100%

80%

¥ 60%
IR
%
40%
1
r T 5 Pt AT 1450
20% L — MR
1 | 1 | 1 | 1 | 1 | 1 | 1 |
4000 3500 3000 2500 2000 1500 1000 500

W fom™

E6 ZFRATHMERWMCr(VI)HTE FTIR iEE
Fig.6 FTIR spectra of SFCW-L' s sediment before, and after
Cr( VI) adsorption

4 138 (Discussion)

AEOARTE IR L R G AL Cr(VI) ¥5 Bk M5 e
H B TR S AR B A S I B b A BB e, A
T3 e R G B AL RE ) (3 1) . N AR Y 1A
TR ARBR I K K W AR 220 1S R 2 B

A ) U1 7 0 R A2 () AR 220 Ak I 45 188 Jn 38 i v
Ji& Bl R AR HR R Y & i ( Wittbrodt et al., 1995;
19965 1997) ; @R Br 23 1 4 19 A 3 h 25 7= A 3
iR kIR N AR | FR K M R 55 A LR ( Deng
et al.,1996). B Ith Z Ab, 4% [C R 76 18 i &R 48 ¥k
Cr( VD) 75 YK 4ot 2 v 119 53 k30 1A B0 76 R I i —
EE (B 2), HaeA B Cr( V) i JR AR
Cr( 1) (K 3) I i3 rp i Cr () LAA MLIRZS &
BT RAFAE , 5 Howe 55 (2003) FIIFFR 454 . Ji %%
Fahrrm R e 1) AIA HLIRSE & B R A7
TEAH—E X AT e b Cr (1) IR HLER -5 W11y
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T B A URE VR BAR A R e W Bt A7 T 4 i AR )
AEIX, DT/ 5 A Cr (I ) %o 2% LR AR ¥ ) 7 7
YERARER Ay Cr (D) LRSS ALY I A7, 7 BE
S THEAMRERCr( VD) FefbiCr () J5 , BAR &6
200 2 T ) 2R AR A B JBE S AR v i) A7 i AT
e, FETIE B Cr ( OH) ,( Marschner et al., 1995) ; i
Al fEECr( D) BEARGHANML R (pH=7.3~7.6) )7
KM T UL (Kurkdjian et al.,1989) .55 41, # S iAAF
DB RN A Cr( V), 22 Wy iE AR FR Y
Cr( V)i plCr( 1) Bf &2 i A Cr (V)
(Micera et al.,1988; Liu et al.,1995).

T b B 5T 7 0 b 2R 8 Ak Cr (VD) 35 e KA i
P EEAE T, A AURE MR AR 4 1y Cr (VD) (&
2), Tii HLid Be A S0t Cr( VD) 38 S5 Cr( 1) ([
5), o AP T IMA HEEES S T (V)
IR 6) . BT 5T 53 & BL ( Makos et al.,1995) , R
R W) AR B A= ) B A G 307 A2 Y FLIRR | It
BEIR AR REIR KA IR S5 A HILIRR RE AL 1 Cr (VT
B340 5, 53 LAY JE B IR R LR U R X Cr ( V)
A7 3 DRI [ R 77 3 650 i [ o Cr (VD) R 2 i 2
SR LA AL BT I 5 A R AR N 1 5 R A R
V5 4 B 1 R AR I AR R 5 ORI . X 5
ARSI v b B BT SR A R AR S Cr () A T
NifEH], 8 &AL .C=0.C—0 .C—H &S5
1% Y W R ) IS A SR AR — B AN A HLBE FT fE
A R A TR R G XS Cr( VD) /94 1L RE
1. FEALHE . OR3P 7= A A AL = T
Jeil FEL A 035 e, TR 1 B % Cr (VD) 1Y
EEAL T E (AR TN B 55,2003 ) ; QAH 4 b 565 P Y
AR BE T A BL, A YT I AR A BILT I 23T
FEAE SN A F T Ce (V) B 38 J7 AT F% ( Zazo
et al.,2008) ; TE R AIREET , B IR £h i It B 1 AE
A BB 2377 A B B ALY, 2R 5 Ce (V) A
FN 4 Cr (VD) i JE S Cr (10 AT 1503 i A2 /N £
S IRMALY) (Zazo et al.,2008) ANUEHHZE T
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W BRI Fe (1) Bk AR i Cr( VI 3£ 50K
TCr(I) , BEMAE PR AF T LA Cr(OH) BB 4R
KRG Fe, Cr,_ (OH), | FPIEXAFAE T LT P IX
FER R PERLAR Cr (1) i 55 58 b W o7 i o S i
SRR M BRCAH BB [ A, TR D T K AR

Cr( VI) ¥ .
5 258 ( Conclusions)
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) Cr FELICe( 1) B AAAE, Hor ) ZE 3R A5
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