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Comparation of remediation effects of three plant-constructed wetlands

on uranium in impregnated water from uranium tailings pond
DING Dexin, TAN Guochi,ZENG Xiaona,MA Jing,ZHANG Yue,ZHANG Hui,HU Nan
(Key Discipline Laboratory for National Defense for Biotechnology in Uranium
Mining and Hydrometallurgy , University of South China , Hengyang 421001 )

Abstract: Since the impregnated water from uranium tailings pond is one kind of industrial waste produced in the process of the de-
velopment of nuclear industry , containing the high concentration of uranium, reed -constructed wetland (CW ) , cattail-CW and
calamus—CW were used as experimental groups and no plant—CW was used as the controlled group, and the remediation effects of
uranium in impregnated water from uranium tailings pond were compared. The results showed that when the hydraulic retention time
and the cycles of treatments was 36 h and 5, the growth of plants in the three experimental groups were not significantly inhibited.
The uranium concentrations of effluents from each stage of the plant—-CW were less than 50 wg/L, satisfying the national emission
standards (GB 23727—2020). The phytoremediation effects of different plant—-CWs on uranium in impregnated water followed the
order of cattails>calamus>reeds. The uranium bioconcentration factors (BCFs) of the three plants were 47.16,44.60 and 36.68, re-
spectively. It was found that after 3 cycles of treatment by cattail-CW , the uranium concentration of impregnated water reduced to
less than 50 pg/L. After 5 cycles of treatment , uranium concentration of effluent at the final stage of cattail-CW was reduced to 18.10
/L, obviously lower than the uranium concentrations of effluents from other Plant-CWs. Also, its matrix could immobilize 3.62 mg
uranium from the impregnated water from uranium tailings pond , obviously higher than the other treatments. The comparation study
showed that cattail-CW was a potential method applicable to remediating the impregnated water from uranium tailings pond.
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Fig. 1 Schematic diagram of CW
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Table 1 ~Experimental design

Ab AR e YRS e
1.1 1%L -CW 3.1 B1RFMH-CW
1.2 2T -CW 3.2 2RI -CW
1.3 IR THY-CW 3.3 F 3R -CW

2.1 WG -CW 4.1 IR E T -CW
22 H2HFTH-CW 42 H2gEH-CW
2.3 H 3R -CW 43 3B -CW

1.2 HAHRHKESLE

B2t VIRAEA, AR K FICEE 50 mL K FE T3
CIFET 2022 pm K RIE LS UESS L 7E 4 CRYVKAE
A . R, BOKCEE B K RE 25 mIL, M 4 7K R T i
FrifE (H) 677—2013) JH fft Ab 385 , 7 4 CHY VKA AR
FE BRI KR A e B e =X (D IR A

c.=C, (1)

Aorh ¢, —— K h BT B, mg/L;
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C o1 7R i T F%E TR )l G VA€ B, mg/L
13 HEYHERHNEESLE

SURIGINJE WO HIA ), Y E SR K B 52 s, #
Yy AL B YR U8 vh Bk T ¥, 41 H] 20 mmol/L EDTA-2Na
VWA U 10 min DA SR R T A ah L AR5 1 2 8 1
K W AR A 3, FH VR AR T 3R T 22 AR K 4y R
AR ) 0 i AR ACORIZE G L KA o AR 2K S
F P ER SRS, T 105 CHEFR A% 55 30 min, SR 5 I
HEFE IR 2 85 CHEATHET . Fe it T2 H & ),
PERE S BFEE 2 0.105 mm (140 H ), i1 7 . FREL0.20 ¢
FE R K - SR (AR L Sy 20 1) #E 47 1H i
TH G TE 4 CRYUKAR o R A7, B 0, AR P A o b
B (2 BT

C,=C,x25mL/0.2 g (2)

K. C—— YA ALY 5, me/ke;

C,—AE )L it T8 Fift W0k o i TR S, mg/L
1.4 TEEREESGE

TE5 WAE IG5 o5, WO 09 5L o, M 403 [53) 4: DY
Gy VR IEAT AR 4 A% B I A b AR S WA A
ZRKAY G BT 85 CRML R ik T, BT 2 iHE
J& KRR AR F B 2 0.105 mm (140 H ), 3 5 . FRECT
T 0.20 g 1 T SEAE i, SR T K - SRR - SR i
I RFLEE R 2:1:0.5) , M5, 76 4 CRYVKAS P
PRAF RN, A= 39 R B ot v 5l ey X (3) TS

C=C,x25mL/0.2 g (3)

A C—— IR A, me/kg;

C T 3JEBE SR Sl 0 AP Al T VR B, mg/L
1.5 $iRENE

K H R 5 4 28 IR BT A (ICP-MS, 7700X,
5 RS ) W 8 R i 1) Bl v B
1.6 FHESIT

K H1 SPSS 25.0 X 5 56 B 48 i 47 B K R O 22 4
BT, p<0.05, A WG 20 B5 4l =22 ] A7 7 b 35 1k 22 %,
AR Y RS 8 NG Bk R s, R Origin 2018
A %o SO 2R A AR

2 HREWR

2.1 HMEWERTANEYERKPIIG
il R A ¥R Tt 2K RS AR ) A R A K R ) 5
Mg 73 531 WL 2 . 3.
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Table 2 Variation of plant fresh weight

IER T — s (L L AL RER/(goh)
12 55 LT 180 h
P 40.11+1.31*  42.12+1.37" 0.01"
i 42.24+1.48" 48.55+3.27° 0.04¢
B 40.97+0.71°  41.77+1.46° <0.01*

TE R AN RGN R ) 109 A2 Wy 2 i 3l 06 il A S0 5 1k
285 AN TR R 7 R R AN T A ) 7 6 3 D) 9 2 I R A B
FH k2 5 (p<0.05) s A KR E AR AU (4) IR B 5 .

R3 EUEHRTBEVES

Table 3 Variation in biomass of plant stems and roots

o " WP K/em P fem
oA E 2 56 il B
FEE 37.82+2.35%  43.5320.82%  14.96x1.66"  19.73x1.54"
T 42.2423.39"  64.118.19°  12.42+0.66" 16.93+0.61""
Bl 36.02£1.22°  44.51+4.46"  7.78+0.87"  14.07+2.08"

TE R R NG T8k R A [l 4 4 25 K sOR K 7 156w
FM R A RS TR R N LY 025 1 AR K AR
JE A 2 5 (p<0.05) 5

s=(my,=m,)/180 h (4)

Ko os—— P AE KR, o/h;

my m,——5 MR B Z R Y R o

H 282,28 3] A1 A A KRR e, 0.04 ¢/h, 25
8 g A KRR Y A K 0 R A 25 S
2L B IR B 64.11 em; 1% 25 A9 2E KA 70 IR 56 Ry
Ja AN T 5 AR A ARG 2R K R R T 25 R A A
AR, R 2R 3 T AITEAR MR 1 5 sl IR K
B A 09 A A 32 B B R AR H L B
X 3 A A A e Al AT — o I L s S S e
DA KX B S 0 45 SR AR AP VR B A XA ) 1) A K
WA W A AR T i L R T RE A Y A )
Pt — AP 2 SRR UK HEA CW 1 ek
CW iy T3 SE o B , ik G0 1 Bl LR T o
22 YIS ST

T S DARCE T A TN il 1 R FERUR DA K
XY B 5 R E(TR) MAEY) s 2 R E(BCF) Lk 4.

R4 EYIHE S ST

Table 4  Characteristics of uranium phytoaccumulation

A P 2 ST A
e e
VaE+ 10.59+0.09* 2.57+0.11° 36.68+0.25"  0.24"
7 il 12.84+0.45" 4.83+0.07° 47.16+1.18"  0.38"
B 12.35+0.35" 3.17+0.05" 44.60+0.91"  0.26"

TE « 2% 1 45 B AS Ti] 7 B 3 % S ) R 0 0 07 19322 810 98 s EL ATt 3 1 22
5 (p<0.05) ; BCF F1 TF 43 1 X (5) A (6) 355 i 15 .
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BCF=C,/C,, (5)
TF=C,/C, (6)
A BCF—A W & 4 R 5L
C,—REMRAEY) & il , me/kg;
C,o——CW #E/K FHl, mg/ke;

TF iz ZEL;
C,.C,——43 AR A Wy i3 5 M 25350 5 4l
mg/kgo

XiF AN [ A 4 6 4l B2 T R 3R 3t K R 4l 1Y) BCF
FTF AT DA% B, 7 i x4l 00 & 4 s R 5 i, H BCF
e, Ha7.16, B2 H &M TF ke M, o8
0.38, i 3 & T H A A 9 (p<0.05) . BEAh, £ 4 W
TR, R 4 Al I A AR AR A O AR R, R AR > — 36
Oy GRS KIS, 5 PH R A DL K s O
WF T 45 AT A o %I4T BE A B T A 4 AR 3
W 4 IR S, R TR S X A i 3 R Rl a2
Ty OB il [ 5 A AN R o AR A 1 4 B RE ]
DA R Bl K b 7 A 7 40 AR BE 1 BHL 1k R A 4
PR T AT G il R TR £ G E B AR B B0 5
Bl AR R 20 M U RE S K R A 4
(10l 2 T A T YT PN 3 Al S 0 AN 2 ) B
Ji PR A4 A AR ) 0 E R A B Y
ORI e Yo (ST R o S O R =R O )
RO A AR R B s R
Bt A B AR
23 TEEFRXMMET ERFKPHOEHBYR

T i 35 T AT L Ao R - R U G AR A T LA
BS54 i A B AR R BRI e . CW 33k
Xt il A IR K v Al Y S BR AR WL S
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Table 5 Total amount of uranium immobilized by CW's matrix

W B - T TE A A O R R K s e S —
(0 N A PN R LR 7 1 S 1 e w9 s b £
A HLBT AT g N T b v A A 4 0 AR K B it e T ()
BF T A Ay B A A 1 A ol e S A W AE K I E TR
Bl ) R oA o T A R B ) Rl AR A g e TR
Py AR AE Y R BRI K Tl (F S R 2B
BALHE o35 2 M DA o R IR AR L BR A AT
JE R K Bl A 2k R v e R R AR 2 AR O

FIEE-CW Bl —CW | & T -CW 1% 1 138 L 5T %t
Bl A T IR K HR Al Y L [ R A Ik 3.45.3.62,
3.14 mg, ¥ 8 2% 5 T TCAE Y -CW Y 498 JE 50 X) 4l 9
i 22 & (p<0.05) o P UG Fl R AEL ) i, 498 2 Jo G [
AE T Z Rl S CW Xl BT R IR K 1B g
J1o HBZIE ] Rer R EALTE (DY RS
Fw B P E YRR S Y R R E R R
KAR UL W, 02 20 2k 0 00 B VR BT i A
AT LA B B K HR il (2) R A AR AR AR 2 )
AR ) i S TE IR R T, T 4 JB PT RE S AR AR B X
Sk 5 4R Ak Ak BRI ) & R RN I T R e
117 4l A Ry — b B 4 R A AT B 2 A 2 LAY i, B
e - 5 35 IO vl v G
24 AEAEY-CWIHHETERTANESHR

B UG I 25 5 AN TA] CW s 7K Al e 58 L K% x4k
f 25 B R AL WL IR 2 8] 3, 4 Fl CW Xl B 0 %6 32 5k
K P B S BR R LR 6

LA e SE2URAEEE —A— 4 3URAEER
v BB AUAE —e— BB SUAEH
200 u r r
180F

~ leof *"
2 o40F o
on ~a
\\?‘ 120 VEA
% 100 T

- L * [ =
8 80 - \'\

AEFRZE A HEIERR PR R /mg || AEFRA] b R Al R R /g
1.1 0.70+0.02° 3.1 1.39+0.06
1.2 0.99+0.01" 3.2 1.06+1.02¢
1.3 0.89+0.04" 3.3 1.17+0.04"
2.1 1.21+0.01% 4.1 1.03+0.05°
2.2 1.02+0.02° 42 1.08+0.01°
2.3 1.22+0.07* 43 1.03+0.03°
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Fig. 2 Variation of uranium concentration after each circle
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Fig. 3 Removal rate of uranium at each stage of different CW's

2020) ZER MK T 50 pg/Lo (A2 B 2 06 FRUEL T 3

2,45 9 CW H 7K 0 4l i B AS Tl /b, SR CW 56 T
AL g 1 $2 A4 A K b BT, i L PR K LA — 5 8
AR . Shuiping CHENG 227§ B 55 AE B T CW
5L T RE R B AR LA RS M E S BT R . |
P 3(a) on 58 1 IRAG A 25 G, TCAE ) —CW X 4l (1
BRI R 18.79% , i % 1 R U I B8, 9 AT
PRI S 25 PR 3R R W WA AIG o 3 7T R S p 35 i ke i e
Yy 11 W B BE Ty EL AT — o A B Y 3 5 R RS e
F14 e 3 1) 5 — ) EF, R 5 XtV e ) 1) R R B ) R
B, 2o BRI . W 3 504t 4l A W B i 1 BoAF
— 5 B BRAEL , 24 5T R S AT LA 0 - LR IR
CW WA RGa 4T . BEAh, Al L aof ik e 25 Bk ik [
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Table 6 Total uranium removal rates of effluents from different CW's

AN TR B0 X8 il ) 25 B 24 /%

iR 1 2 3 4 5
TP -CW 18.79+2.06™ 36.44+1.27" 43.52+1.61* 49.19+1.82% 62.71x1.38"
FE-CW 69.79+0.40" 72.91+0.43"" 80.12+0.14" 85.51+0.35" 87.81+0.24""
Fi-CW 74.64+0.38" 78.69+0.82" 84.58+0.35° 89.52+0.08" 91.2+0.00°"
B -CW 75.69+0.39 78.75+0.73" 81.78+0.46"¢ 83.69+0.76"" 85.12+0.51""

T RN IR NG FREROR A — AT 25 Fh CW 0 Al 25 B 3R B 3 M2 57 (p<0.05) 5 T & AT AN [l K5 7 143 531 3/ 76 AN [ 47 2

YRR TA] —Fif CW Xl B9 25 B A4 BAT Ik 2854 22 5 (p<0.05) ¢

A Ta] Ak PSR 3T I 0] dil FE A IR B UK
2 BR B9 STERE LR T
RT FARELEENT LB R
B B Sk e AR ST E

Table 7 Contribution of matrix in different CW's
on removal of uranium from uranium tailings pond

I ] E Al A

b H g BB 55 3 [ B Y B 25 PR i /mg
TP -CW 1.00+0.00° 2.56+0.07"
FTH-CW 0.65+0.01* 5.26+0.01¢
Fi-Cw 0.67+0.00" 5.40+0.19¢
E-CW 0.80+0.00° 3.91+0.12°

TE RPN TR /NG 5 B RS AN ) Ak BT e Joi 9] Al 1149 65 A R Al
R B LR W 2R SR (p<0.05) s R AR RS 7 BER
718 AN [ A B Al 2R B e A W 2 22 S (p<0.05) s R P
% R e B A R [T i 19 S ek LR T AR A

& 7RI, 2735 -CW & 3l -CW FlE i -CW
X 3F CW 0L R il 0y B AR = T
A 40 By & HE AT Al A R 25 BR AR T G R
YI-CW, XY S5 T CW X 8l B0 2= 5K b
BlAY 2 BRI T W Rl R BT R IR 5 K
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I 2(b) AT A, 25 SRR, 235 -CW fig
W il 2 0 IR IR K R Y Bl B R B R IR & 25.10
/L, 35 ) 50 HERORR E R . HoR A LR G ER
GEHJE 1YL TE -CW X Al Y R BR R Gk #
59.36% , . 3 w5 T IW — 16 5 T TCAH Y -CW 11 2 B 2%
(p<0.05) . {HBE & 1E PR OCEC R 3G, 7 35 -CW x4l
B LB mgE 2, I 3(b) Al A, X Al e & T
505 0 CW IR T KA i i R RIS A X il Y
AR ME R .

ME2(c) AT, it SIRIE G, 58 3 R &
T —CW Ay 7K Bl 5T 5 vk B O 18.11 /L, il 2K
FH K KX 4 5 Y JBE 07 B2 SR (Al Jo vk B AU
30 we/L) o T L, 755 —CW X 4l % 2 5 o R A e, 7
IR T 4R 108 h )5 57 1 2 & —CW H 7K 1% il o vk
FE B 2 4551 wg/L, 35 8 Tl HEBchs . 454
3Ce) T AR B, Blvie FE i) Mo B & A TR 19 2R
RIS 2 RAG IR, 1 2 IR I R 45 R, 55 3 & il —CW
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Xif il G 25 B A 5] 78.69% , Bt I, A —CW Xl
W 5t 7K HP Al Y 2 BRI N 9218, 220 5 R AR BR
J& 55 3 A T -CW X AH 1 R BR R R 91.20% .,
IS0 KA T BE R R T I I A O A A K R R
P AR ) 0Bl AR RE ) B BRI S I
T AR R R R LAY W ARl e ) W Rl 2
%o DRI, Ay 5 B0 o 8018 A2 1 ) B DR IE H 7K K BT, A
T -CW 18 52 8l B 0 15 2 /K v 4l i) S A 10 28 Tk 8
R 3 R AT T K AR A - g R B
i CW H 28 00 3 YR A P4 T 3 #E (9 B |) 2 180 b, T
Hofth WS4 B 4 8 R KBTI B 8 . HI,
T —CW 76 4b B 2 1 B — s P 3.

B 20d) AT, 76 S IRTE RS L 56 1 HE T -CW
HH KB il R e AT v T 50 /L, Ak B R HE K
B (HEE 2 9B il -CW 78 45 3 YR A6 2R 5 H 7K il
R R 37.51 we/L, 35 B HE B bR o X R Y 2
Ko BiERS LUK, B -CW 1Y 1 5L 57 v
SEEH 3.14 mg, B F (R T A -CW By 4L T [
(4l AL (p<0.05) o 3X 1T BB 2 1 T 76 & Wl 1 1E
LT AR AR 1 B -CW - T Y A
BRI rp BT K 0 i B

i LR, 4ad SR 5, 3 R R H1-CW Hi 7k
1R 4t e B 257 K B HE AR o Xl i R bR R T
85%, b FH B T LMY -CW (p<0.05) . P -CW I
TCAE Y -CW R T A, 5 8 1 R 9 ) T 4 1 W R
S5EEEM S o WX T AE ) AT LR 2k &
6T il 00 25 6 T A CW 5 25 & 5 Rl i 25 5 3D
OV e R A S AR ) -CW AT L R Ak B R
WIERBIK ., R IFHY -CW B E R, K3
il —CW X & E K EE SO Rt , 2 B%k2 5
F 30 LUK A 0 A KO R A R T Al
X

3 #ig

(L) 35 7 3 A1 3 X 4l i B 1k R 205.90
/L )l R IR K 2R B R 1, e
A 3 AR A R e, B 2R R AR K 2 R T A
R, AT L 46 A0 ) 300 L 8 ARG A 2 A P4 1 5
P25 CW L BRa R R B K Tl ry B

(2) b5 3 FhAE 9 % il () BCF R TF & 8L, CW
L 0 Tl P A 52 2 R v AR A e il > B > T

(3G SKIEA LIS , TCAH Y -CW 1)+ HEFE i
I IE 2 T 2.58 mg Sl B R IR K T 4l AE Y -CW
) - g L BT [ b i A 0 TR AR Y -CW Y
- 9 L [ Al (p<0.05) , Hotb F I -CW Y +
L o [ il ) R LG8 E T 3.62 mg.

(4) G0t SRPEH LIRS, T -CW e J5 — 2%
B KR Al T R R B R 76.78 we/L, oK A B 5 HE T
T o 5 A ) —CW B S5 — 9t K Y il vk B A A
T, G HE Kl BT AR R A R R I R A i -CW <
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