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Root decomposition of Coix aquatica Roxb in constructed wetlands and release
and changes in chemical form of chromium
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Abstract: In order to characterize chromium accumulation, speciation in root and the treatment of chromium-contained wastewater by artificial wetland,
this study constructed vertical-flow wetland and investigated the effect of Cr®* (0, 20, 40 mg-L™') on wetland plant Coix aquatica Roxb. The results
showed that the decomposition rate of roots was fast in the first 30 days and decelerated after that. Compared with the control, the decomposition rate of 20
and 40 mg-L™! treatment was reduced by 40.63% and 55.56% , respectively. At the early stage of the deposition (0~45 days) , the residue content in root
had strong adsorption ability towards Cr, while at the later stage (45~60 days) , its absorption ability was weakened. The residue content of Cr in the roots
increased and then decreased. In the process of decomposition, the content of the ethanol extraction state with a strong activity of heavy metals (F1) and
deionized water combination pattern (F2) were reduced significantly. After 60-day decomposition, the residue contents of Cr in the roots of Cr® stress
were mainly distributed in FHAC (F4). Cr in Cr®" residue contents in the roots was mainly distributed in residual form, which accounted for 76.76%.The
results indicated that, Cr concentration in root during decomposition course exhibited an increasing-decreasing trend which illustrated the reduction of root
decomposing rate by Cr® without increasing biological activity of Cr.
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1 5|F (Introduction)

BAE AR L O R G R S AT,
BN LI OO (T S0 = W SRS = T ) K e L 5 TN
g BLAT B 1 BE 1 ( Sinha et al. ,2007) 4585 )12 T
T A K S R KHER] R Frh, &5
M) 8 7K I L 575 e bR K B IR, a0 i 7 B B
R a R AR K. AT, 4% 75 e BBk ™ L X%
5 YL R KR 32 R U B AL 24 18 B A Ui s R
AT e Ak, (R BEAL 22 R A5 ) R R TS g
(James 2001 ; Rai, 2008 ) . i 4= ¥ 16 & 3 o 2 M)
B, oI5, L RESk L EREE , I ml 3l o — 4
WS 4 PR AR (A3 45 2008 ) FH A TR
HALALL SR Ml , EL A SR RS AT 2 G e A
PO AR 2E A, C T N TR K
B¢k (Fibbi et al.,2012) JT4EH , FI N T 00 o4
b 4B K B 4 R TE 2T 3 1Y 5. il
FAPHAE (2013) IBFFE R, N T8 Hh o] DU 8508
FREZAKH ) Cd P, 157K 7 d B 48 fa B R =5
N TR Cd™ Y 2 BR353 510 86.0% ,86.4% , %t
Pb** I 25 bR 451k 89.7% .90.2%.

TR D) AR T 2 38 VAT 300 4, A= K T
R R KIS, BAE B Z Y, EiENA T
T IR I (0 B 8 5T 2 BR, 3K N T M X 4% 1)
EERAESI R, RE S AERR I [R] 1Y K BRBE ) (28
NIZE, 2010) 7E PR 8ZH R 0 ) F 9 v & B, BRAR 3
RN TR BB 25 2808 B A= 1 T 2K R % (LR
TSR TR AR, A A i % nT DL o i 4y
A, A% B 00 2R e A 2R 10 B 1 2 1 b 3R 58 N
AT A7 Ak oK ri AT 5 1 B 10 B R U, 4 X AR
RO R S B E R O AT, &R 5
T ) R R B IR R, B R BN TR b vy
BB A TR AR 1817

XoF T b A 00 A T 0 ) 43 i e oy ik ol R P 4
JE ARSI A 4 il (8 EBLAE,2000) , fHXF
TN TR AR AR R 40 M B 4 i A b 82 42 s ot
BRI A 2 TE 5 53 A5 0 A b 1 R WG Oy 573
B B TN M 3R G TN R AR A A A T A B Ak BRI
FUAL AW 5 400 2o A4 2 g R EOK e LN TR
i, AR AR TS TS K IS IR RV BE R Ce® 384T — Bt
)5 BAR R YT, 5 HE R0, DA 93 38 K AR
ROorif EICR & MBS sh ARk, A
T e 255 A 3L A 3 K B B R F Y B N T

MR HI BT A R AR SRy
2 ##5 7% ( Materials and methods)

2.1 B

JTPH AR A EOK (Coix aquatica Roxb) HH TP
MV Rb 2 BEAE P it P e A T T PR AL
2.2 Rt

SEEG T 2011 AETEST VG KA A A B 0 B
MR Z AT, 2275 SCHR (2R AR WSS 2008 ) J5 A TER
PR AR O BN TR R 48 . 7 B 1 B A% 71
em, F Ui T EAZ 45 em Ml 61 cm (R ERHE T
SEy KRN T ZE FAKIKIEA 10 em R RSO0 44
(HAE 3~5 em) ,ARJGHIA 40 em JERYTVD)Z  7EFE
HRIEHS 10,25 .40 em 4b 43590 % 2 7K e Sk T HEK
FRAE ORI, BEAT 6 BRI IAR 16 15 7K R 77 U8
/INRIEEKTE B TR R G, /K O R JE oy
MM 0,20 .40 mg-L™", L K, Cr,0, FIERINA , &
3R, B AL PRI AN AR ) R 0t IR A B U K
N 30 Lz AN TR HEAY S8 T 2012 4F 3 7, ©7E4H
[ Cr VR N RpLEEfT 145, F 2013 453 A 5 HEY
PR FRA ERT T, S 60 em A AT
AT aE S . N T R 1) Bk /K Oy = kK
JEAKAERR 3 dRIGVET 4 A, 7 d A 1 AMEER.

R4 AT W 9T (B = 45, 2013) | 41 il
A ALAE 0.5 mm BYJE P (20 emx20 em) . 5%
WriE 3 B, 7E 2013 45 5 H 15 H UR4E 20, 40
mg« L7 A0 B Y K AR AR VR T e Pk 2 R Y
EH TR K, BTRL S em KRB HL 7 g 2648
(BERE) s I BGRARMET B 3 ¢ 2e48 (THE) K%
4S5 AR ARE it X iy 342 (] Ji Ak 3R AR B 2 2R )2 VD IHD
20 em VDR BN EEBCE y A ARAT B Al A A
T S A% R AE T 75 K (20,40 mg - L7 G,
W20A \W40A KR ; B Al A HE I 45 & 19 A 3% 15 7K
(0 mg-L™" Cr®) , J W20B ,W40B /5. fh i1 9 4%
BEREFN O 48FRE.
23 FHRWERELNE T &
23.1 HEKE  TESHISIET 30,4560 d BFHL
FE  BRRAE RN OIS BUR] 3 4$GEREFN 3 48 TFE | Tk
e BEREAS I AR IR T AR SR T OK S B AR, T
LEMARTE 70 °C R LT 210 5 5 FARE. TAEAS AR
FHF AT o0 ff 3, BEREAS B AR A T A A I
232 M@ ABNE S5 3CHK(EREE,2009)
T, FHER B8 3R 00 i R BN MR gt B rh T4
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JB 5% BA R 1) A8 Ak T DL R B8 ek A TR R 4 34 B
In(X,/X,) = —kt, 2 X R ff o B IS AR 5% B8
(g), X, WML BT (g), k 2 o3 ffk 3 585 4L
(d7") ¢ MRt Ia] (d) X620 i 5% B SR B R 1T A
SRXFEEEAL T R LA AR 2 A T FE A S 4K

233 MRCrAEWHNE RN ERNE R
S F &% ,2012).

234 WP CHUFERERNE SHEHERE
(1995) (15 3 , FAL ~ 48 B 6 35 K AR R [H] Cr

TEASHEA TGP B 0, B0 S B BUI T 4n e 1 frw.
FR5 g BEFE A BRI EE 28 AR, I 30 mL 2
BUA# 2 50 mL B0 1,25 CIRZ I 24 h,
5000 g B0, FIFRETHOE D LI R
F,V(HNO,): V(HCIO,) = 4:1 FZL4MH i, 10%
HNO, EZEF] 25 mlL. AR 2 B3 00 FH 5% e T e, T it
iRl L& R H FAAS U %E (ZEE nit700P , {8 [
HiE).

F1 BEXRREARE Cr BEHITINF

Table 1  Sequential extraction of chromium speciation in Coix aquatica Roxb root

22 PR PRI Cr B2

Fl 80% LI EREL R E R TCHLER R s BEh A 45 57251 Cr

F2 EETK AP DR L T 4 Jm i —IUBE AR ER A5 45 5 25 1Y Cr

F3 1 mol-L™" NaCl REH AL S EAS A AN Cr

F4 2% 1R MR TR AU R EL | AR Eh S5 25 2810 Cr

F5 0.6 mol-L™" #£ 12 B GBI Cr

F6 Rt A BRI AS Cr

2.4 BAELHE

X F Microsoft Excel 2003 ﬁf@%\:{, A SPSS
Statistics 19 #4711 5 MG 1140871, 3 Duncan £
Bt i 25 5 (p<0.05) #H4T Z2 H [LAL.

3 ZR5459#(Result and analysis)

31 ARAETEXRREDHESA

PR T AT AR T4 J5 7 Bk B S48 0 B o it (] )
FEA TN R BINAETS 7K TR A Co® Sl AR 1 53
R 5% B R AN g A B R AR J5 30~ 60 d,
AR TFERR T YR E R LT R E (p<
0.05) ; A MRMARTHBsk f R 0 KT B Al Hi2z
SR AT Cr® H B A3 IS AN [ A 38 22 ], AR Y
T 5% B8 R K /NLF R . WA0A > W20A > W20B >
W40B.7E 0~30 d, A [a] 4 BT 1 AR 4o fife 11U 3, by
POHHT R B B, 2 2 i PR BT 0 IS B B AE 30 ~
60 d, M/ Ae g | 5k B A K, Z J5 i 53 il 92
12 A 18 R B B

110%
—— W20B

—— W20A
—A— W40B
—>— W40A
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Fig.1 Changes of dry mass remainders during the decomposition of

Coix aquatica Roxb root

2 2 AT AL ZEAR TR AL B R AR 2R 20 % BE R it

SRR R?>0.99 (p<0.05) , %54 Olson Hi4§

BRI W20B  W20A , W40B  W40A Ab B i1 ) fift
WHC(R) 43914 0.0032,0.0019 ,0.0036 ,0.0016 d™'.

R2 BERREBEEAXE (y) MOREE (¢) EIRFEMSH

Table 2 Regression equations and parameters between natural logarithm (y) of mass remainders of Coix aquatica Roxb root and decomposition days ()

Jb P75 [ )= 77 k/d! R? 50% 43 i )/ d 95% 53 it [/ d
W20B y=-0.0032:-0.1919 0.0032 0.9955 157 876
W20A y=-0.0019:-0.1702 0.0019 0.9970 275 1487
W40B y=-0.0036:-0.2573 0.0036 0.9920 121 761
W40A y=-0.0016:-0.1582 0.0016 0.9948 334 1773
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ANIFIAL R AR R 3 il R AF A 25 PR, HE M 20
mg- L7 F1 40 mg- L™ Cr® RbEEAAT P , AH ] A0 2k B
T BN S T A B o3 fif R L AR SR T
B AP H A A i BT DA S AN TR A B R R
KA ZR M 50% FI1 95% T i Ia] (£ 2) .
32 FEAETERRY Cr TEZMIFES
HR P % 0 2 AR Ak B A 1T LR AR 5% B3 1k v 4%
JUE A AR M G R 46 0 2 10 A8 AL R ik 4% o
RY N A TR R B R FROR R AR ER
PR R TG 3 0T o Bk D) i AR T o0 2R Y O T A
&l 2 ATAT, 7E 0~ 60 d 450 i 5o 72 HH AR 5% B8 44 Cr
TR TR B SR 30 d B, AR A
FEAUAR Y Cr a4, 50 S r B
(p<0.05) ,W20B \W40A i 2 [A] 24 57 R i 3, (H3Y
5 W20A \W40B 257 I # (p<0.05) .45 d B, W20B ,
W20A \W40B , W40A AbHAR Y Cr & & 43 51| L AR 47
BRI KT 94.72% 98.92% .58.84% 24.36% .4~
[ R 3R #4045 d J5 Cr &8 IR 0E T I,
W20B b3 B IR BE K, R T 60.69% 7557l
60 d J5,W20B .\W20A . W40B .\ W40A AbHRAR Y Cr &
BESWE (p<0.05), 7051~ 134.82,170.12,
199. 78 .216.56 mg-ke™" ARFR BRI Cr & & IE/NTF
WIh T i

460 —

—e— W20B
40k —m—w20A
—&— W40B
360
—3— W40A
310
o0
b~
2 260 - IA
B o0
42
© 160
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6 [ 1 | |
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it i)/d
B2 FAELETRABERIETUHS

Fig.2 Changes of total chromium content in Coix aquatica Roxb root

under different treatments

H & 3 AT, 7E 0~ 45 d, A [F) Ak B 4514 T R ok
AR 4 X 4 2 B3 TE 45 d B A B B
K, ULHITE 0~45 d 1950 i 72 N TR i Cr
PRI 5% B AR N 3 i 45 d S AR R R
[% .60 d f, W20B \W20A \W40B \W40A 4b3H i) 4% 4
51N 76.49% 96.90% 85.90% 93.36% , i3]

RN A4 K A TV R, OF HLIET B AR N A AR 0 4%
ORI R T A Rl AS [ A BT AR 4% 4 3 AR AL 7
0~45 d MEHEIEL,45~60 d BT EL.

250%

r —e—W20B —a&— W40B
—&—W20A —>¢— W40A
200%
i 150%
=
g
FE 100%
50% [~
y 1 | |
0 1F
0 30 45 60
A3t fa)/d

B3 RomdEPRENENTN
Fig.3 Changes of absolute amount of chromium during

decomposition of roots

33 AR ERRN Cr AL T EEA
331 HMREARAETARLES Cr2H  H
4 TR PEARAT, ARV Co® AR FE 3 JE A R AR
W Cr BB F1F2 .F6 (50 LB K, F3 F4 F5
P71 A X /N s B Co® A B VR B 3K, 12
AR T 6.65 4~ E 20 i, (5 F1 A A 2 L
FEAR T 5. 21 AN A 400, HATE S A 43 AR K.

HERR 30 d Je, IEHHEBEARY B AATHEANAR A Cr
A SRR Cr SR EES,
W20B W40B L BRI F1 F2 1 43 b 2 K B AT
fH F6 |43 L RIE R 3, o0 i 1 25.24 A
A3 27.73 AN E 43, BEE R Y HL T 2 4
i 50% , 53 51K 61.029% F1 63.21% . A 30 ~ 45 d,
W20B ,W40B 4b 3 1) 4T 8 E 4 LR fb kS5 A0 1,
AR R /N F6 A 43 L33 K F2 F3 H 4T L
WIATRIFREE R e HEAR 45~ 60 d, W20B , W40B Ab 3
UL F6 5 E sr K, W20B ML) F6 H 4 L
BRT 9.6 ANE 45 H W40B ZbFEE) F6 H AL R
R 1 8.47 AN A 43 i, HABIE AL bR B2 347 /).

AR 30 d J M TARZRAS N Cr° 1 A AR AR Y
Cr B SHARETAR N Cr T 25 5 o 2 3
230 d J7, W20A  \W40A LEFHAY F1 . F2 . F6 1Y H 5
Fe ¥ KR EE T B, {H F3 F4 F5 B9 43 Ho 34 K g 4
K, IEIE W20A b DL FS R G B il ok, A
38.67% ,{H W40A KbFRLL F4 Fr 5 B4R LBl ok, N
25.63% M 30~45 d, W20A \W40A AbHAY Cr 2
AL A AETE2E 5, W20A AbFEIY) F3 F5 K6 (A 4%
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LR TR, e S E o e 2 BT,
W40A LAFE F3 F5 B E 4y s/, HE B SN E
O3 HESAIAS ) P2 8 44 R {HHEAR 45 d BF W20A . W40A
AEFIILL ¥4 B A 53 i R AR 45~ 60 d, W20A
AEFRIG F4 RSP & E A R BT e T 22,93

N F1 B F2 B F3

26.76%
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g
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67.16% Es%g -~ ?9?
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45 &-W20B 45 0N
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A 14.83% #o593 oD
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ANA SR AH F2 F5 Ji 7 E 4 LR T R, TR
A B AR LA K WA0A ALFRAY F4 F5 A
SrHGERE T 10.06 N E 3512 NE S, HE TR
BT E o AN AR IR

F4
\ 21.55%

20.94%

Zai:

7.579%

5.01% 9.44%
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Fig.4 Percentage of chromium chemical forms under different treatments and decomposition time

FES R R R RTINS GRS TR N Cr® A BHAR
W Cr IE S i fEAE 2 5. W20B 5 W20A ,\W40B 5
WA0A ZbBRZ [E] ) Cr A0 22 5 3 B3 4 ffad
T2 W20B \W40B AbF F6 ff (5 L R A 5 |- TH#E
PO 60 d S5 N B Y H I B Ik 76. 76%
68. 67% ,W20A . WA0A 4b3 F6 FIT (5 Lt o H% AR 52 %
Rk 8 F4 BT Y L 38 S BT, 3
60 d J5 ¥4 B o L 53 501 oh 49.99% .38.39%. 1
60 d J5 , NG Cr* 2L FAMR Cr IE S0 A LA F6 5
P AL HATE S A H 4 e /AN T 129 ; 4k 4k

W Cr™ A FEAR Y Cr B LA F4 Tt K, H
Rt 509% IS4 .

4 118 (Discussion)

4.1 FEAETERRRASBEDS
MBI 5 (2008) FOWF5R 2RI, 7E 720 d N 3 4>
BRI BT 2 AL E g S [a] 1 B B
SR AT S5 0 A 15 YRR 5 T 2 AR A
(2007) BRI U, /)N it 2 0 b AR 4 fe ot 722 oy 22
PRAA S AR BETE .0~ 30 d A3 bR, 2 5 A A 7
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M AR EE RS 2 AT

MARAE 43 fift 3t TP 3% 4 9 4 1 R A AR AR T 1
S Y M 5 P A B S K AR 1) 4 A R T AR
KA RN B3 A W 7 o3 A a2 b2 B VR FHR
] (TIEFEAE 2006 ) AFFE B, 20 18 42 ] 2 Al P
I o3 ff R FL A A R T 3k B K i 90%
(Barik et al.,2000) ; B0 FE 32 538 1 o AR B VR 1)
PR A=, XA R PR EER (Gessner et al.,
1994) B EEAE AF (2013) BFSE T S48 4 oK AT
TR B A ) B TE B I R, 25 R AR P Uk B
Cr* (5,20 mg- L") X A T 16 i 35 J5 v 20 78 A il 4k
A SR SEAE R, s R Cr® (40,60 mg- L")
AL BT LS fA REE IU) AZ B ) A I ST 45 R R
B, A2 BORAR I o R v R3320 R G 2
PN ARG S . R AR, G b B R 43 R
FEAR Y IR R 2 — T BB AR KA Cr® (20,40 mg-L7")
i) S S €A B 7 A o N | R 11 W 1
R B 53 fi.
42 HBEARTIELETHRACGCEENTRL

HAT, T A T IR AR R o ad 72 rp 8 4 8 AR
L sh A BIFIE M AR 2 UL AR B (2009) ifF 5% K 1L, 1
HAEY) B EIE M Cr ST RAAELA TR 0~42d N2
TR 21 d B Cr & X IRAE Y 2.82 1%, 43
Je AR R R A AR o Al S B R AR b
P XNTGHEAE (2005 ) WFFE T /N 1 s G 95 0 7 o
fift it R R OR B AR AL, 25 R I, A R I R
WA T, BE B S A R R ARG R OR 1 4 i R
TRIFFART I LR Hh e T A, 53 o o v 8 b AR )
Ve Wy 4 R A Bl A S A T DI A R A O
AR (2007 ) TERF 5T = 717 JR0/N - 2595 Hb AR 43
i R R AR G R B Bh A B 45 SR I, AR TP BT ) R
AR R B R B 2 A B AR LR 25 R R,
SRR AR B AR Cr STt , B o0 f R B A o
5, Cr 2 138 W R (IO 00 1R 7 o 32 TR Ry 1
Bl AR R A0, N T8 P Cr SE iR 2 5
HRER B RPN, SR 5 SO i /K RN - o 88 i
BERTHEN AR R Cr ST R AR ML 5 0 2R o £ 4 2k
iES
43 HEREFARILETRA Cr BALA LA

Cr WAL 2ATE 25 B AR IREE Cr AR A sk AR
RAERE BRI Cr (88 E , 5% Hoor i o f v
Cr fb2E IR AR AR N T8 3 1 4 P B A o 3 X
ARHIFFEFEIA N T AR ) 5 K A AR A 5 37 T 4k

SRR S AN B 20T, B i o R R AT
Cr B4 A 255 03, RUKERUS N Cr® Ab B Y 35K
HRER AR F6 1 43 L3 K B Bt s RS2 ™
b FRAY R RAR SR B0 F6 T4 LIS, T F4 f L
FH KM FE 4R . F4 XV TOK A —AREERR ER
WEIREL S 45 581 Cr, F6 NERE SRy Cr, F4 F6
(R AE 3 P A IR (R B AE, 2011 ) BABH G Jilr3a
T TEAR RS R A B AR AR B AR Y Cr 1A=
VG AR R, Cr 19 FL P2 JESAE WGP 7
FE I N 25 5 W B TG AL (M8 25 ,2010) AR S5
ZEREW  ARFRLFET F1F2 B4 Cr o3 ffal ey
KM BEREAR, AT RE 2 i T 4 8 1G PR om, L4
Gy R fit Ak,

5 &5 (Conclusions)

£ 60 d 5 ffad B, N TR HIAE P KR R
[ 73 R SR BT 30 d BRER A3, J5 30 d 18 50 iR
PR AR A Cr & B L AE AR 30~45 d 3Ry
BB FE 45 d Z )5 R TR R B A
PEF AR Cr 1T 43 A B FRE RS AN By BE AR R 41
R B ORI ER Y F1UF2 JEAS Cr & KR
TR0 60 d J5, W20B \W40B 4L Y F6 & 4> kb
43N 76.76% .68.67% , i LA F6 h B HITE A
O34 {2 W20A \W40A KbFRAY F6 Lo i 22 FAik
L F4 e, MBS R Z.

REEEE T Ak (1974—) & £, Bl 2, T ZNE
F4 BT Y 0 A A 068 KA 4 45 B . E-mail ; hebing@

gxu.edu.cn.
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