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Summary

Using appropriate plants that are highly capable of accumulating uranium (U) is required
for the success in phytoremediation of U-contaminated soil. The objectives of this study were
to screen plants capable of U accumulation in the aboveground plant tissue and to find the
trend of U accumulation among the plant families by using a sand culture method. In a
laboratory setting with grow lights, each plant species was grown in 3 cm of sterilized silica
sand that was amended with the nutrient solution. Four days before the plant harvest, the
sand was treated with 50 mg U ¢7" solution including a U weathering product dissolved in
citric acid. A total of 32 plant species from 5 families were screened and found to accumulate
from 4 to 416 mg of U per kg dry tissue weight. Plant species in Chenopodiaceae and
Fabaceae had the highest mean U concentrations while plants in Poaceae accumulated less U
than the dicotyledonous plants tested. Based on the result of sand culture screening, the
plants for phytoremediation of U-contaminated soils could be selected by using a mathematical
model related to plant characteristics (e.g. biomass and planting density) to predict a long-term
U-removal rate from the soil.
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BTHY, WHEIRRY TV DOO0%THH I L2
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AERBEMZBZTNGE, 7TAUIAREOERHER
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hTna?,

Phytoremediation % 7 7 ¥ 4§37 L O BEHFHEDOKNE
SREERIBIGERTIHEICE, TRODESRELE
LM~ OTREEZ A ESE2HMT, FL— Mba
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?OpH L BEREBOFERBICER SIS, flZIX, &
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MAKER O 7 YRR ERESE S Z EPER SR TV
%, JT VBT T L ORY RN LE S SRR
& LTI, HIBHEWEO pHIET IO ) U0 DFF O
e, H5VET T -7 VEBROSBEERPICL S L
#EENTVA,

Phytoremediation (238 L 7-AEY) D AFFFEIIE, RE D
LDwT L RNE, EBLUEMBNFREBETERL,
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R 7 B A T A HE8 i3, Hyperaccumulator & 5E5%
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confertifolia Torr. & Fremont (7 % ¥#/N< 7 7 ¥ &)
PHESATWBE®, L L, —#IZ Hyperaccumulator
i, —fEY & B L CERESEOTET IR0,
BRECBOBREMNELERT 2HE10E, HAEEH
7o) oERE, FICEETCPEEROBMBEL-)
HGBEERT S ENEETHL LEROND, T
Bl U7z A, confertifolia 13, BHELEFOKIREL A
T57:0, NBWMICRFIELZEPHETH A, —iF
|2 Hyperaccumulator D4 EF IR, FikEH, HH- L8
B OWTIRBETR WY, Lzd o T, HEEHLRT
3% T ® Phytoremediation DEMLATIZ, FlEIZ K STEY
OFFEREICL Y, FHSE FBLUE) (ET(Y
T VIO R EE L, TORBEERIME, RS
% 3848 L 729 2 C Phytoremediation /4y % EIR$ 5 L
BENH b,

DY T v dHHWEELERIGES 2 5HlE T 5 Fik
X, BEok#d s vEERRIEE AW TRERSIATY
BUBRL = 6 OFEEE, LRSS L L CRES
HRIZE B TEDFEREGFORELLEL LW
0, LI R SHEYTEDER 2 RRICERET S Z L5
HBThb, —F, HERERSY I YOG, HFEALO
TEEAWT, MRECBITAHEMETRBREEET 5
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NHEEEFEETIE, B2 0 L) RREEWE
i, BEBIUREANOREY?S, BH~OILBLAY,
TEOWHIC X 2 HEEREORE, BIUTHRTIELE
NNKEIIHAT L Z LB LLHIRE NG, 20X
HEEPS, HEB L OUKEERRE R, LITLIERER
BEORBE LTREESNS,
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HEVEHEEE Lo mE AL TS, —fKIC, BED
BIECERAT RSB Y T v OBER, APERE
B A Lhvin, EREOBRLEN BN ES T
RETHDBEVZ D, SHIT, EHEIAKIRR LD
b, EEOWWETIEMN L RBErBHTEEHHE
CBWTERNTHLEEZONE, DY, ENHED
B, YL EReEROMEEHICB VW TEELRER
THb, TEMarx FIEE2HTLHIELTHN?, Thid
KERRE I BV CHILT A 2 LATTE Vv, 115 Matrix
MERICLVAELS, BYRELY I OFEEMAEERE
LCi, (1) BE~0Y I Y OLBEEOKT, (2)
WEREICBITL Y7 VITHB LUBBEIRITONE, 2
T, HEEERCBTL YT S EYROWEK 2
A, REOYZ ViREREAEE, YO Y T IR
BILFELBIRTTHLLEVR S,

R TIEDHEET AV, BEEMBICY IV 28R
BB MY, %o il snidRizBT 5y
FUMNOEEERET LI EHFHMEL Lz, 851,
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ARIFRIC L DB SNz SR %I, EEOFRLEICHE
Fi9 % Phytoremediation {8¥ D&EFELRE L 720

2. BRBLUFE

2.1 EEREIEES LUEEIEY

R L5 ERhE (5 R/1327#) 1, WEROS (RE
W) ZRMLES ECHEESN, IRonT T IR
Be % EFM L7z BERb (186g, 0.5mm particle size) % &M
DB 3 cm OFESITHE, WML ETREEETAHK
FE W (36me) %M L /2. 5313, Hoaguland and
Armon® % BE(C L CHELL 72 (Table 1), REWDO RN
%, BREFEHAL, 1REOBEREABEICLVERN
DMES DBIELIHI L7 BEBFERESERTITETL
Thb, WEBRPICB WV T O T %38 Lo
&, HE LR TRETARE L, BTORFR, £&
FERICBWCHIERM %% L7 (Photoperiod: 12 hrs
day-night; Temperature: ~25°C; Light intensity: 262+30
pmol m™® s ERICRAHLMEWE, 777 7%
(Brassicaceae), 7 71 ¥ % (Chenopodeaceae), * 7 %t
(Compositae), ~ A%t (Fabaceae), A *%t (Poaceae) @
EREY, AFURLZETR2EL L CERBICRRL
oo KW EL 3L EDOHEYBELICIDEEL
(Table 2 BH8)
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BEEAAE O EF DT T VAW RE S EAREIE LT
ML 2T (B 10em F 22 F IS0 A
%), BRENOBEBIZYS VIBERERNL:, 75 VK
Wik, GRERMESICBITA2Y T U ERTENLERILL
7z Schoepite [(UO2)s02 (OH) e+ 12H.0] % 25mmol 7' 7
IUBBRWICERL, COoOBREPoY T ViBEE
50mg ¢ MIHEL L7z, s VBRI LCHEA LE
HiE, 7> &) DILEMDER L DOHH 2 M
L, "9 vOBERBETMLESEL-OTHL, &5,
WY LA HEY T > ORIUE, 7 B0 BRI
IOV REHCHMETA2ERIS V™, 5 0
Phytoremediation {EW % BE T 5 720 ORI RETI,
IOLI B I BEOTEANEBRA L FEYERT
LT ENEETHLEEE L, T2, INSOMWEHR
i, 7 IO BETO LRI S i DO % 1
BEUAICHRELTW 220, AR TRIhz 408
& LT U7 VIBHOTIMFIEE, FIERHRICEEL
TWBEEREAES MIIVBREL, RKIZYTVEBER
TRMLCEBOEBEZ AN s e%, BRHiY T VB
WEARA ML DVBEETLE V) —EORES 3 A
DEFTEVHITEZHEA L, TOFHEICLY, BESH
DEMOBBRICHFET AREBL Y 7 VBBRIZE Vs
B, S TOHEARIIBILIERFhDY S vk
(3.41mg kg™) HH—Ich B L HMEL 7z,

Table 1 Composition of nutrient solution used to grow plants

Chemicals Amount Remarks
g2
Stock A
KNO; 503 Mix thoroughly in ~800 m#¢
KH,PO, 28.8 water
MgSO, 7TH,0O 50.3
H;BO; 0.28 Dissolve H;BO; in hot water;
MnSO, H;0 thfan cool. .Mlx ‘flll
Mn (Seq) (12%) 0.15, 0.42 micronutrients in ~100 m#
4 water and add to the 800 m&
ZnSO4 7TH,0 0.022 water above. Bring to 1 4
CuSO, 5H,0 0.005 volume
MoO; 0.003
Stock B
CaNO; 4H;0 107.9 Dissolve separately, then mix
Fe (Seq) (10%) 5.0 and bring to 1 2 volume

The final solution used for growing plants was prepared by adding
5 m2 of Stock A and Stock B solutions and bringing to 1 £ with

deionized water.
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77 VEROTMEY S 5 HEC, MR ERRS
0.5cm OFFETHMWI L, FEEHZIUE L 2o FEEMITHM
KTHEL, FEFLTCI2ERERE LR, Fibk

(48hours at 65C) &7, BBEEOAFEHBRL T
0.25g 2L, ZHIIHMEDIRIEEEDS me ZHEML,
v~ A4 707 x—7HEDMHEE (CEM Corporation,
NC) 12 & it Lize RMBEHICBONIEEE A

Table 2 Uranium concentration in plant species within a family

Name/Family Genus species [U1§ SEt n}

mg U kg"

dry weight
Brassicaceae
Tansy mustard Descurainia pinnata (Walt.) Britt. 286 a 777 4
Wild candytuft Thlaspi alpestre L. 134 ab 25.1 5
London rocket Sisymbrium irio L. 114 b 233 4
Desert plume Stanleya pinnata (Pursh) Britt. 100 b 65.5 4
Radish Raphanus sativus L. 20 b 35 3
Chenopodiaceae
Fourwing saltbush Atriplex canescens (Pursh) Nutt. 244 a 16.2 4
Swiss chard Beta vulgaris L. 199 a 282 4
Kochia Kochia scoparia (L.) Schrad. 184 a 126 4
Spinach Spinacia oleracea 1. 162 a 573 4
Compositae
Lettuce Lactuca sativa L. 416 a 42.1 4
Desert baileya Baileya multiradiata Harv. & A.Gray in Emory 353 a 258 4
Purple aster Aster bigelovii A.Gray 159 b 459 3
Brittle bush Encelia farinosa A.Gray ex Torr. 91 be 145 4
Purple coneflower Asteraceae Echinacea purpurea ( L. ) Moench 80 ¢ 293 3
New Mexico sunflower  Helianthus maximiliani Schrad. 50 ¢ 44 4
Blackeyed susan Rudbeckia hirta L. 49 ¢ 10.5 4
Fabaceae
Loco weed Oxytropis lambertii Pursh 345 a 69.5 4
Alfalfa Medicago sativa L. 325 a 16.7 4
Tepary bean Phaseolus acutifolius A.Gray 147 b 274 4
Broom dalea Dalea scoparia A.Gray 114 b 222 4
Sugar snap pea Pisum sativum L. 74 b 119 4
Sainfoin Onobrychis viciifolia Scop. 52 b 237 4
Poaceae*
Little bluestem Andropogon scoparius Michx. 139 a 339 4
Buffalo grass Buchloe dactyloides Engelm. 67 b 275 6
Sand dropseed Sporobolus cryptandrus A.Gray 59 b 72 4
Sleepy grass Stipa robusta Scribn. 59 b 123 4
Black grama Bouteloua eriopoda ( Torr. ) Torr. 58 b 9.1 4
Blue grama Bouteloua gracilis Vasey in Rothr. 49 b 93 4
Wolftail Lycurus setosus (Nutt.) C.Reeder 34 b 10.5 3
Galleta grass Hilaria jamesii Benth, 26 bc 6.1 4
Rye grass Lolium perenne L. 22 be 54 4
Corn Zea mays L. 4 ¢ 24 4

§ Means within columns followed by the same letter are not statistically different at the 0.05 probability

level.

1 Standard error of each mean.

1 Number of replicates.

* Analysis of variance followed by mean separation was conducted by GLM procedure (SAS® 8.2)

performed on square root transformed data (applied for Poaceae species only).
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ICEB SR, MATHRL, ICPEXSLEE
(Perkin-Elmer, CT) WX W w3 VigELEEHH L7z, &
1z, ABFFETIE, WWRMEEO Y T VIREOFHE % Eh
LT, #0OHEE LT, REBMDBHICHELL
HRAS, MRS HOBEMEBRIZ L ER SN
o, FHRBARPICINS OEIFE LY 7 UBEA
THILICRY, FHIMEDORBRZEL A LBLWERESD S
EHIWT L7225 TH S, AT, Phytoremediation (243
Wi, MO THRL Y b B3 (T REEAL)
WEETLY I U RHETAIEN, LVEETHLL
HMEL 720

KREMEYORBE L URHIBWT, EXERICERINE N
YT VBEOERYRET L0, HEENT Y T by
7 SAS® Version 8.2 (SAS Institute, NC) (2 & b, 738k
S B &% EHE (Fisher’'s LSD; GLM Procedure)
A L7z, ARG, LEICD U THEROT R
BEERTAHIEICEY, TNLHEEBITORESRET
H5, EROTHESMEES & OSSR L TET
L7z (Table 2, 3MESH), MEHNAEZEOIER,
BHEMEZ O CICFHEEREIZBNT, FEKE=
0.05THE L720

3. REBLUZE

3.1 WEHOISVBREORERE

HERHEEICL VRBEIN2BOMP BT,
EHOY G VBRI E > TERS DD Z L DR
n, FoOMEHKIT 4 ~416mg kg "Thotz, BEHOY T
VIEREA400mg kg L EDOBEMEE R L7-KERIE, Lettuce
DIFETH Y, 300~400mg kg 'O Y L 2 X
37, 200~300mg kg 'id 2 fE, 100~200mg kg "3 107,
100mg kg 'BAF X165 TH - 72,

EEHOY T VEEOERE, WUROMEY L IEL
TEHBAIIBVWTHHER SN, ZOMBITILEINAKS WE
Ml s &2 5 (Table 2), PIZIE, 4 ARNCET S
Little bluestem {%, [E#® Corn & LB L TH25ED 7 7
VIRERARL, RIS AFHIE T 5 Locoweed (£, [F
BIZB ¥ % Sainfoin 6. 580D T T ViBEEFERE L2, L
L, THFRCBET MO Y 7 ViREOEEIINES
{, TRODMIIBITL YT ViBEOERIIHE SN
Mol, COBERE LT, 77 PRORBHY OB
X, R B LA hh oz LA EEREICEE
LTWAMRERDSHHZ L 2#MFE L TH <,

AWFFECHEM L BB ERIC L 2 RBER LY,
MEELHOY 7 VB, BAELERMEIZBVLTH
100fE0ZENH A2 LRI N (4~416mg kg ™).
TOEHTHEYOY T Y OBRIEED, BBV TELIE
BT DD B Z b 1E, TR AR ERICB VT
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Table 3 Uranium concentration among plant families

Family [U3¥

mg U kg'l dry weight

Chenopodiaceae 197 a
Fabaceae 176 ab
Compositae 171 be
Brassicaceae 131 ¢
Poaceae 52 d

't Plant family within rows followed by the same letter
are not statistically different at the 0.05 probability

level by GLM procedure (SAS®8.2) performed on
square root transformed data.

LRERENTWBE™ Saric 521%, SFEIEOREEEY
FENEDEAD S L2 T v iE%EIE (17mg U kg™)
FROWCESERBYER L2, TOKE, 77 VBB K
KAl %R U724 Lettuce (1.12g g7), /M Corn
0.031g ™) THBHIENFWESNTEY, FRIEHEE
EHMLL T/, F 72, Shahandeh and Hossner DHfFE™
BV, ARy 7 5L (100mg Uke™ £ H
W22 B ORI X A HBRIER S TBY
B O 7 TV REOMERILS. 2~24.0mg kg " TH S
CENRERENT VS, I I THE XN TV 5 Ryegrass
D77 REE, HEEY TR LKV 5 mg kg ' LTT
HDHTEDRERINTEBY, RFEICBT 5EMEH DY
7 Vil (22mg kg") SABICIKEELR L2, L7z
o T, AIFFEICBWTHEA LR T, fiio
LA HWREERE FR, BoY T L RIEEC
B LEHEZBETAIENTETH Y, BEHRICBIT
B —EMOBFMEY O TIEFEFHEBR E OB BWT, ¥
T v EIETR O —FASFRO b iz,

3. 2 MO BEOREE

EEROY T VBER, BRORBIIB W TLERH
N7 (Table 3), W ER DY T VREOFHE
X, 7R ARICET AEMICBVTEEERL
oo —H, AXRCETEEBOY T VIREE, HOF
EOWBICBWTHEFIREZ R L7, —RICH 3
DA FFHEYIE, RTERY LIEL, 28 0TS
VIRIRE & CEERAD Y T L EREFME N D LAHE
ENTWABP®, B 2 |E Shahandeh and Hossner @ EEH>
T, R2BOA ARBEHO) B, 10D 7 ViEES
6 mg kg T ORBELEL 2o Zhid, EBEDFERL
BIZBWT, BTETH LA AR, T 28X
I LEETARNCE L I L ERBELTWD &
2 L9,
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(Corn) %K< SHEOEMDO Y 5 VigEIELL Tz
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WA RBRERE, 7 7 2 DRI B TR ARE) 2 H
D%, #0277 Y OEBEMENMENIZH S &
HHEND, BOow 7 ViBEORBIIBNT, 128
TMEERLIZZERS»S b, FOHEAITETHS &
EET 5,

3. 3 Phytoremediation HE#DET

B4 B {54118 0 Phytoremediation |2 3 5 fEH L,
TEOFELER TR, EXHICERTIEDICER
TwaEedis, EEBIEURELATHIILVEE
THbo Bz, Locoweed % Tansy mustard DIELIRD
VY VIREEEBEER LY, —HTIRLEYOEY
EEBRELTH), TRERRLLTHERSDY T
VBREBDHIRESND Z L ERET L, BEEBHRTE
@ Phytoremediation 28T, EERICE OEY % FIH
THZEDOEEMRE, WCOPDHTIIBVWTRESh
TWBS® B2, BELEIESTIED Phytoextraction (F
L — b#H O L BEFM%E BEE L 72 Phytoremediation,
Dushencov, 2003%) IZBWT, AAEKEICE L —EMEYIC
I2+LBEESCREOKEZER, ARE0EL L
Hyperaccumulator %@ L7234 L ) %2 & 23 5E
X (WA
RFFRORBRBRIIBNC, EEROY 7 VIREVHE
BEERL, LobERBCECHEDOF L LT,
Lettuce, Alfalfa, Kochia 23287 b5, BE O, g™
|28 T Kochia % Phytoremediation #8# & L TR L,
BhRIBEICBIIEY 7 v OBRERTHEL, Kochia DEF
NEYEERE, BREOCIErSDY S VREES
Bz L AR LTS, £/, 2hb 3EIE,
BFORFRIPEL, BRECETEHIIOVWTHETSD
D, HELLENAES THS I LH 5, Phytoremediation
L LTOTMEESY S S EEET LI LN TES, 12
2L, TNoOEREYRFEMEY Y EBOH B
BWCHEAT 2561013, B AMIC X 2 B8 % [8
Thlo0RE (B, EARILM 2L EEICL S,

3. 4 HEREIEEORESEE

1) EREEEORR ;
BT Y o VIREEY ORE ICEA TS ) 2 TO
Fiid, AR 207 ViEHE, BLUY I VEBRORE

FR/ANBIZTEAZ L THL, EBERHEOMIL, 77>
D &5z, AL UEOBRARN R EEFEIRE S L
LIELPE A BRIZ, FRCERE 25, KFFETH
Wi T U EEEEIE, BRIEEEE (1 mol ¢ "HCD) #H W
THETLHILIZED, BFHIIT 7 0 OBREFTRTSH
D, BRESN-BHREEIASTESL, —7F, 5435
Hio HERELL 2 EBOHIEY A5 SREcl, &’
BLEOBRENS, LEOHERTIECERIGIRE NS 2
&, ZROMYOBREZBReERTHILIEIRETS
5o U vidHBEROM TN T, KEBEBIUFERD L
DOWEHEH 720, EERBEOTEEERICRET S
LIIRBTHALEWMENL, MR T, REOEHROE
HE & FOMEIZRET AR, AFBETEIIBVTHR
H&NB, LA oT, INLOMEEEE Lk WERD
DVERHES, TREORGEHBRLTELITHLIL
Mo, BEWREREE, EBRBRICBETLIZRNEY T Y
BEYOELTHIRLELIFETHL VI b,
BEOHEIZB T, ZBROEWOEERMES & U)K
INAE % AR T 5 B TABREESEZH SN TW B M
Y5 RIEY OBEE L LTHER S EMIRA R
V3, Ramaswani 5213 6 EOMFAEHIC LY, b
DT YRIE E KBRS & DERE C BB L
oA, KiERERIC L Y RBRENERO T T v
PUERENE, TEBOERLIFIEAS R LBV LN
RSNz, LA L, A EEESBRIUEY OR
ERRNL TN I AR EEYETCEEREREAN
DO EF T 5 aflERESYT 2 BHTE C OWER
BINHDZEPLERTLE, v T VIRIUHEY ORER
BICBW KRS EOBEESRML TW5 & id—#f
Wi hv, 2720, FESEIHT 2P OmEL R
BT 254108V T, EREREIAHREE L EL
T, ER0LEMMEOEMIEIEEE & 0B LS
BRETH S Z EVRERHTT DN T2,

2) XL — bEMBEHEHBRE

% 5 {5 %1 1% @ Phytoremediation fE¥ O E 121X,
EROHETBIGERT 27 T VBBERORME VD
WE %, K#hdHVIEEREHVRBEEEICBNT
BHTAZEDPEETH S, Ebbs 51, KFFERKEE
(5 pmol U £7") 12 & b 3RER#E: & 7z Alfalfa & Tepary
bean DEEIBICER SN Y 5 VIEEIIHL. 2mg kg™
ThbEHRE L LAHL, FHIFEOEBEIEIC L L8
213, Alfalfa (325mg kg™ & Tepary bean (147mg kg™)
DEEIRY T VREICEESED b N7z (Table 2)o
Ebbs &5 DR & RFRHE RSB L L ERE LTI, K
B & UEERD 2 B LB AU OME, bk T
VEBRBHROAEICER L L E8Y 5, HICBEOEN
BTk, WY T VRIS TEERT 7 T VRO
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7 VENRBIC AT TERIE, EREEECLLFEERIIBY
TEHET LI LPHETDH B,
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