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Morphological transformation and migration of chromium in horizontal subsurface flow and vertical flow
constructed wetlands
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Abstract: In this study, a small vertical flow—constructed wetland (VC) and a horizontal subsurface flow—constructed wetland (HC) were

constructed with Coix lacryma—jobi L. as a wetland plant. The effects of different water management techniques on the migration and
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transformation of chromium in Cr® wastewater were investigated. The results revealed that: Under Cr® treatment, the growth of Coix

lacryma —jobt L. in the two wetlands was inhibited, and the growth of Coix lacryma—jobi L. in horizontal subsurface flow—constructed
wetland was less inhibited than that in vertical flow—constructed wetland. The content of chromium in the horizontal subsurface flow—
constructed wetland was higher, whereas the content of exchangeable and carbonate—extractable chromium in the vertical flow—constructed
wetland was higher. The pH value and Eh of the substrate decreased as Cr®* concentration increased. The pH and Eh values of vertical flow—
constructed wetlands were higher than those of horizontal subsurface flow—constructed wetlands. Compared with the enzyme activities
related to the subsurface flow—constructed wetland, vertical flow—constructed wetland could increase the sucrase activity in the substrate;
however, the urease activity under Cr* treatment was lower than that in the horizontal subsurface flow—constructed wetland. High—
throughput analysis demonstrated significant differences in microbial communities between the two constructed wetlands under different
treatments. Horizontal subsurface flow—constructed wetland microorganisms were more conducive to converting chromium into difficult—to—
use chromium forms. Horizontal subsurface flow—constructed wetland is more effective at removing Cr® from wastewater. The results
demonstrated that the horizontal subsurface flow—constructed wetland was beneficial in promoting Cr® transformation into chromium form,
which was challenging to use, and improved the removal ability of Cr® in wastewater.

Keywords: constructed wetlands; Coix lacryma—jobi L.; chromium; chromium chemical speciation; soil enzymes; dissolved organic matter
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Table 1 Names and abbreviations of each treatment
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SRR YE , H Y Bl Crthb BHES [a] (% 3G i 52 Bs /N
e, pH K 6.07~6.62, [A] v i Cr Ab BT, 2 B 37 V0 1l
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45 AL FRIL BT pH PR FACE I i e . e B A T
T 3 RSP P N TR b pH AR 2R 43 51 1.20%~
5.51% 1 1.84%~5.27%.
2.6 AREIAIEXS A TR B FREEE 4R 2200

P P18 W R, 1 S8 UK il 0% 1 25 B G A B R B 1Y
P T B T R A TR S T R
JitE TR W I 5 M 43 51 M 16.67~74.47 ,3.01~35.10 U -
glo RFHRALBE R 3 B TR S T K KR
TR T

10 mg- L™ Cr™4b B 30~60 d, B A T3 #th - 45
JOR AN MR RS PR 5t s R BN TR+
SR JUR T R ERE MRS 1 3 4 T 116.90% F1 63.74%,
IRV UL N 10 A S8k it 0 P Tl 0% e 53 ) 2 ey
T 43.48% F1159.49% ; 60~90 d, T B i A T 3 Al K
S N T A S R A 43 R R T 35.90%
20.43%, 1fi #E W5 B 35 M B E T 58.00% Fi
67.20%.

20 mg- L' Cr*Ab B 30~60 d, 3 B A TR+

8 xR0 ORE BE B O PR 4 B3R & T 108.09%
120.40% , 7K -1 8 N 100 b 1 398 R It 5 v R R T
15.94% , T FEA BTG PR 4R & T 88.84%560~90 d, HE H.
TN T b R KT 98 3 N T b B R I T v 43 1)
BT 36.79% F1 23.87%, 1M 1A T 4 000 43 590 22 55
T 35.19% F167.22%.

CroRhHR T AR T RS 1, HAR
DTN IR LTS 501 S T =i ) N ) NGl IR 3 98
Bl Cr® b BRI B B2 1R , T N T M JOR P P £
TR AR IR 10 mg- L™ Cr®* A BE &
THREGTEVE , 20 mg- L Cr® b BRFAAR T ARBEE L
2.7 AEAIE TR H 7K DOM S iE4F4E 2 #7

i 0 R FTIR 20 Hr /K £ DOM B R (&1 9) , \f
DA B R AT UG 04 AE 3 424.6 em ™ (O—H Fii i) [ff
I, FEORIE TR AL IR SR qER Y%
Z SRR IK A A W) S B T S SRR A5 5 | I R AIE
U 7E 1 627.1 em™ (C=0 Pt ) B 3T 1) 06 A Sk 5 T 26
15 A HRFAE G, 78 1 389 em™ (—CH;) BT A4 04 A 21 it

K2 AE4AETALEMA pHFA Eh(n=6)

Table 2 pH and Eh of constructed wetlands under different treatments (n=6)

L AEHAE AR AR 4k (1] HC
Soil properties Time/d 0 mg-L" 10 mg- L' 20 mg-L’! 0 mg-L" 10 mg- L' 20 mg-L"!
Eh/mV 30 48.33+4.72a  34.33+3.33b  22.50+1.87¢  33.50+1.87b 12.50+1.87d 3.17£0.75¢
60 57.75£2.19a  40.17+3.65b  33.58+1.68¢  31.42+1.72¢  -5.33+1.21d  -10.50+1.05e
90 84.01+1.45a  61.82+2.34b  58.33+3.14c  53.75+1.78d  33.63x1.77¢ 24.22+1.47f
pH 30 6.62+0.08a 6.36+0.06b 6.24+0.12cd 6.58+0.04a 6.29+0.03bc 6.17+0.06d
60 6.41+0.06a 6.34+0.07b 6.20+0.03¢ 6.32+0.02b 6.24+0.02¢ 6.13+0.02d
90 6.27+0.04a 6.13+0.01b 6.09+0.01d 6.16+0.02b 6.11+0.03¢ 6.07+0.02¢

T AN [E)/INE PRI [a] — Kb BRI ] P9 2% 4k B 0] 22 57 (825 (P<0.05) ¢

Note : Different lowercase letters represent significant level of each treatment within the same treatment time (P<0.05).

WRHEEPE Urease acitivity/(U-g™")

30 60 90
ALFEINF ] Time/d
WvVco EvVCio Ovc20 EHCO MHCIO M HC20
B8 AEAET A LR - 5 IREFN ETELEE

Figure 8 Soil urease and sucrase activities in constructed wetlands under different treatments

TEA G P Sucrase acitivity/(U-g™)

30 60 90
AL ] Time/d
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— VCO —VC10 VG20 HCO — HC10 — HC20

MUY E Relative absorbance

N . . . L, L, .
4000 3500 3000 2500 2000 1500 1000 500
W Wavenumber/em-!

B9 AE4AET ATRMKEE FTIR LI5St g E
Figure 9 FTIR spectra of constructed wetland water samples

under different treatments

BE A5 R BSE v B v iR A6 5 9 1% HR XGRS il i R 3
W& FNZE 1100 em™ (C—O Fi7ff ) Bk 3T i # K AL & 9
(B TR TRE B ) 5 | A () W S0 o LA R 11T 0 Bt
Cr® MR 5 A 15 I i 25 I, 2R B K A 5 O ' g
FES B JE 3G N . & O FEAT XS -3 EE 4 Ja i fe e i
HEAEM, & O B Re 1S i fe 98 B F0 e KA h i
Cr. HPEERA TR AT 10 mg- L7 Cro4b#f
T OEREAIEINE KT 0,20 mg- L Crf*4b B ; /KF
TR IR M 2514 F 5 O ‘B BE T BE Cr A HH e 5 1)
SR 5 K0 N T M 4% R AR I W G B R T
A TR H
2.8 B E DI

3 o R 3 I X A A A T R B
BUAR 2R P4 P BRI o ) A R TR s T s i AR

AHABAE Similarity

W)FPLE K Taxonomic composition

WEA ., W10 Fts 2B A #E 5 H Proteobacte-
ria(ZZJE I []) \ Firmicutes (JEBE [ []) | Bacteroidetes
(fAFFR 1)) . Cyanobacteria (% %[ ] ) | Actinobacteria
(LR TAT]) # Chloroflexi (LR B 1] A AR X 4= i L
S BN 13.45%~54.21% . 1.67%~49.78% . 5.89%~
18.98% . 0.59%~24.89% . 1.93%~15.81% #1 0.86%~
9.37%. FEhhH ) F 5[] & Proteobacteria , A X} 3=
£ 13.45%~54.21% , K V- 3% i N T2 0 mg - L™
Cr® b (AR X B (35.93%~38.67% ) e T3 H ¥
L B TR i (21.929%~27.65%) o 55 90 K (1) 3
BN T2 H 20 mg- L™ Cr* 4 B R Proteobacteria
X3 5 AR 13.45% , 1T Firmicutes A8 = 5 4 Fb
PFETFE 49.78% MITACE T BIRAER Al LI i, A
(] A0 T A9 T BN TR FAROE N TR b I
B A YRR AP 2 22 57, (IR B o A T 3
H LSRR R s i f BE AR

AR PR -3 iy B AL 7 5 o 4 JR AR PR A0 T A G
ARSI 5L TCAR I BTl 1 A P o0 B o 19 5
Wi, 811 @R 1 SRR BT A ) R R G
i Z A5G 2Bl 1R T 20.08% S AL Bl 2 F
— IR T 12.49% HIAEAL . ANFRME Creig e +
S A el 1 AR 2 b R B AR TS e LR G WA
v AL P T 50 AN TR, Hrf 20 mg- L7 e AR R
) L N T b A A B 25 S A SRR AT
J& (Bacillus) 2 K H & (Staphylococcus) B BRI TR
J& (Pseudomonas) P& % J& (Paenibacillus) . 5 F& #
J& (Massilia) 5 pH FIR G 1 52 E AR OC , 5 2 5T % AR
S A RE M T 1 5 ORI AT R (Acidother-

4 Taxa
[ Others

_|: VCOA
HCOA [

0 I W] W Verrucomicrobia

VCIO0B [

VCI0A el O Nitrospirae
HC10B e e ———) |3 Acidobacteria

[ Patescibacteria

HC20A I ST ] | Chloroflexi
VC20A e 5 Actinobacteria
VCOB e —— ] |5 Gyanobacteria

[ Bacteroidetes

I ] @ Firmicutes

HCI10A [

w11 [ Proteobacteria

HC20B CC I I T
VC20B I e
HCOB

P b B TR A (B 233 R R BEAY 30 d 190 d; B E ARl 42 1 5 RZEFR AR MR AE A i 18] 2 2 RO AR B0 , P390 ) 1 8, A 1
FE, LR SR 25 i 1] B = BT )

A and B after the processing name in the figure represent 30 d and 90 d of processing respectively ; Color represents species abundance ; Clustering indicates

the similarity of the abundance of different species among samples. The closer the distance between two species is, the shorter the branch length is,

indicating that the more similar the abundance of two species among different varieties is .

& 10 EF Unweighted Unifrac B85S #J UPGMA B34
Figure 10 UPGMA clustering tree based on Unweighted Unifrac distance

1% WHART]
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® HCOA
\ HCOB
55t : ® HC10A
Soil_Cr ® HC10B
B ® HC20A
~ - SUCI ® HC20B
N ® V(oA
R ob oo Ureme 3 ® V(0B
= aenih udomor, O @ Cidothermus | ® VC10A
S \ ® VCI0B
~ pH Massilia A VC20A
Bacillus Eh \\\\ VC20B
-2.5 .
| X
i Escherichia—Shigella
-2.5 0 2.5
CCA1(20.08%)
&l 51 Soil_Cr,Ureae ,SUCI 2B FEL BB R 4% O i
IR R A R R A 1

Soil_Cr, Ureae and SUCI in the figure represent chromium content, urease
activity and sucrase activity of matrix accumulation respectively.

B 11 B T IERFNAE A CCA DT

Figure 11 CCA analysis of soil physical and chemical properties,

soil enzymes and bacteria

mus) 5K R RS PE (Eh B IEASC L5
pH 1R B 6 P 5L R O, 352 % QR (Escherichia—
Shigella) 55 Eh £ 1IE A 3¢, 5 W Il 05 14 A1 5L ot 4% AR R
a2 U, A R & (Microbacterium ) (18 Az AR R
J& ( Bradyrhizobium ) 5 KBt 1% M | TR G614 | 5L 00 %
HER G IEAHDC, 5 Eh R UG
2.9 NEIAERRHH 7k GBSk

i 12 Fros , ATl 7K G ik BE R 0.075 6~
1.580 7 mg-L7", 10 mg- L™ Cr* b ¥R T, 8 1 3 A T30
HLBE 22 58 K 93.50%~97.54% , K - ¥ N T3 M
B 2R A K 89.62%~97.14% ;20 mg - L7 Cr¥* kb B R,

WvVvCco EvCcio Ovc2o O HCO M HCI0 M HC20
~ 1.8F

—_
=)}
T

0

2
o0 L
14t b
= 3
g 10}
Yy o= r
S= 08F
2E F
EH';:; 0,6:
‘§0.4:
Z 02F
) -
5

60
AL PRI (] Time/d

12 AEALET A TiE K Crf iR K
Figure 12 Changes of C1*" concentration in constructed wetland

effluent under different treatments

T F N TR % LB R R 92.10%~98.13% , /K-
T 0 M R 25 B 3 R 93.269%~98.39% ; T i A
b A BT A R BRAE T o PR N TR A
T, K Gtk B I Ak B R R] A AE K 3 0, 7E 10
mg-* L'Co b T EERA TR oK G e i B
FARF KT WO TR, A R 20 mg -
L7'Cro A FE R, KO W N 1R H K G ik B i 3
T 2 BN T

3 iTig

IR LT R E IR, i T 2 i Al
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TR o AW ST I B I AN L AR K2 4
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FEH WK AT KRS &Iy e 2 A R B AR T AN K
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TIFRBEARXTE /IS, P RE S AN K 438 By 2T A %t
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