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Uptake of Radionuclides from Soil to Plant and the Discovery of **Ra, *’Th

Hyperaccumulator
ZHANG Zhi-qiang, CHEN Di-yun, SONG Gang, YUE Yu-mei

(School of Environmental Science & Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract:11 sorts of plant samples and corresponding soil samples were collected in Conghua and Taishan, Pearl River Delta. The
specific activity of ** U, **Ra, **Th and “’K of samples were investigated by using HPGe-vy-ray spectra analysis. The results showed
that the average specific activity of U, *Ra, *Th and *K in soil samples were 151. 8, 146. 3, 226. 6, 665.5 Bq/kg, which were
higher than the average values of China and the world. The concentration of **U in all sort of plants are very low and most of them are
lower than detection limit, while the values of **Ra, **Th and **K were high. The contents of **Ra and **Th in Dicranopteris
dichotoma were the highest, whose average specific activity is 285.9, 986. 2 Bq/kg respectively. The average bioconcentration factors
(BFs) of **Ra,”Th of Dicranopteris dichotoma were 2.20, 4.23, respectively, the other 10 sort of plants have BFs of **Ra,**Th

were in the range of 107'-10 °

were all bigger than 1, so Dicranopteris dichotoma can be defined as hyperaccumulator of ***Ra and

. The bioconcentration factors and the translocation factors of **Ra, **Th of Dicranopteris dichotoma

232

Th.
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Fig. 1 Map of Pearl River Delta with sampling locations
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- HERE S R AR R FH BE ML IRURE (B F 5 IR
13 A RBEE RS 2 k), RHERE S REES R ER)Z W
HEWG , R EIRA 10 ~15 em WRE L BE
e e FOAR L) U S i A BRI K2 2 ke
B i B AE WU Y RHAS P 2 B U A Rl sk R
st P SR B SR AE A TR AR A R B I R A 2 Ak ]
Fike 4 ) Hb b3 43 LR — A2 2 kg IR A A
KA HRE e AR A8 B JE e A4S, I SRR A bR 4
FURAEB LR, RS MBS =5, & THE
FrrREIT T, T 100°C 15 IR T4 2= 40 R IR e
it 60 H i, {00 & AR b R S R R AR
TEEEAR — B WG RE R B B RAE 3 ~ 4 A DU 4R 52
T L J 75 A A R B K B S T 38 pH (E
4 I A ARl b e N IR S I R AT B )
(NY/T 1121.2-2006 ) #4790 7 A, B A& Ry Fr BT
1F B R 10 ¢ T BUBEAR R i 5 BR CO, UK 25
mL( B 1:2.5)  HEEFERS S 1 min, # & 30
min, 2R J5 PEAT 0 58 . A A RE AT B PO S
YIRK K ) (GB 14883-1994 ) H1 56 T jift 5 1 4% 2% i
Y 7 VR HEAT TIUAL SR 3 b LA SR Sl SR Ok (1 R
ft AR T, T AR N T65°C TR ET, SR 5 f B
a IR AE BRI AT Ak, T S g EA TR
fn KA. 23k A B R P A JE N R B RE A AR
75 mm 75 70 mm B9 5 RL IR A AR R S, R
FE.

1.3 AT 7k
13,1 ek

W& BT 2R A 25 9 CANBERRA 2 w] A= 7= 1)
S80 R AR AE HPGe STl y 3% 4. 700 1 4%
R LLTG 0 (1) A

Q. = A, (N, -B)/[M (N, - B)] (1)

A, Q, WFES U ER R I, Ba/kg; A, Wb
VR IA) — A% R TG B2, Ba s N, D9 A il A O S 1 A
RV H 4G B A IR T 0 M, R R R
kg Ny A bn HE I8 [A) — A% 3R R AR e 1 T 45
1.3.2 B

U AR 0 S 4 R R AR B9 BE R LA
W' 4 % 8 ( bioconcentration factor, BF) (5% & 4K
(translocation factor, TF) & S i b 17710127150
Wy XT TS I A% R 1 W RE 0 A A A 2
A W) O AT A8 R B (soil-to-plant transfer
factor) KX Ho b A7 o 2 BRI P A 4 R Y
WFFR 7 35, AR SR UL W) & 4 Z 8L ( bioconcentration
factor, BF) % Z #{ ( translocation factor, TF) &Sk
W EE O R R A AR N s R’
WHEITEWT .

BF = cplam/csoil
Rt e A M T W AR I O B 0 i
(Bqrkg™", T ) ;e &85 % % ik JE
(Bg-kg™', TH);
TF = ¢, /Con

T, ey, FE W) M0 T ER O3 0 RS M R R Ry e B
(Bq-kg ™', TH) ;e P AL 00 05 M A% R Y vk
JE(Bq-kg ', TH).

2 HFRESH

2.1 H3EW pH H R KRR E & &

2o, IERESL A pH (Eh 4. 46 ~5. 65,3 (H
4,99, )& @tk + 5. £ BERE S P PP U P Ra, PP Th
FOKB Mg F 0% 1. WE 1l LE H, 7E
fEWF o XN, R HER UM & 8 24.2 ~ 285.2
Bq/kg, V14 141.0 Bq/kg; *Ra ) & & K 29.7 ~
347. 8 Bq/kg, - 146. 3 Bq/kg;  Thi & &4 40. 0
~559.9 Bq/kg, F#J 226.6 Bq/kg; “K 1 & &>
119.7 ~ 1558 Bq/kg, V- ¥4 665.5 Ba/kg. & 1IHF
FEX AP UM & il 89. 6 ~281.3 Bg/kg, F
¥J 158.1 Bq/kg; Ra i & & & 95.81 ~ 275.5
Bq/kg, ¥4 149.7 Bq/kg; " Th Y & &~ 103.4 ~
384. 4 Bq/kg, V19 237. 8 Bq/kg; "KAY & &N 83.8
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~ 1439 Bq/kg, ¥4 673. 6 Bq/kg. iX 2L H ¥ &R i
BT RA e E AR HE. B2 AR X
AR 4 R % ZUU L P°Ra, P ThAT KA F
BIE 4 50 2 R MDA R E K 2.13, 2.88,
3.96. 1. 61 5. Ra, **ThHl* Ky & & 2 it 5L A0 v

MEZEM 3.66, 5.66 Fil 1. 15 fi5. UL AT UL, 4 Ff
R PRI RN TR EE T R . 2H
KAt B E o Yk R 5T X N B
JT R E ORI KA A O TR A R
WIS, MlS, HHEPThE FWE, B T st IX.

F1 TEERPHSEZESE/ Bk

Table 1  Activity concentration of soil samples/Bq-kg ™'

238 U 226 Ra 232 Th 40 K

FAEX — — — —

3t Fl YA « brifE % 3t Fl BIA « brifE % Fienil PE « brifE 2% 3 YA = AR
S (ML) 24.2~285.2 141.0 £84.7 29.7 ~347.8 165.3 +89.4 40.0 ~559.9 275.4+177.6 119.7 ~1558  659.9 +420.0
S,(HIl)  89.6~281.3 158.1£47.6  95.81 ~275.5 149.7 +49.4  103.4 ~384.4 237.8 £87.2 83.8 ~1439  673.6 +442.9
REELIEN 24.2 ~285.2 151.8 +61.7 29.7 ~347.8 146.3 +71.62  40.0~559.9 226.6 £139.3  83.8 ~1558  666.5 +422.8
PR 12,4 ~186.8  71.2£3.6 2.4 ~134.6  50.8 £2.2 1.0~152.7 57.2%2.6 35.8~1132  414.5+20.6
48] 38.5 +21.1 2.8 ~533 37.6 +23. 4 10.3 ~1844  54.6 +51.3 n.d. ~1548  584.0 +183
i FLls] 40 40 580

2.2 FEWY Y R SR A R R FE KO

FRBESE R 11 FAE Y FE b AT £ KR AR B A
I RIS AR I o R I 3 T U H Rk B A B Oh 40,5
15.8 1 13.0 Bq/kg, H e MY H 19> UK T A4S
B, 150 BH BT AIF 9 (40 A 400 %62 U A W WA i 0 5 55

TE 11 Rk b #0 BBl A U 20 K, B A 71
T AL R S A PO K A R, LR
351 015.8 . 961. 8 F1 817.9 Bq/kg, HoAtb s ¥y
K A AR AR R AR R AR A KR
SREFITCRZ —, Bl AT 5548 Y 39k
Ve 2 AR R TP AR Y, H b 9 & 0] BE 5 BRI
4 Tt A G

TE 2 NS X TR AR 11 R4 Bk et FE 4K
P9I RaF*2 Th 3 AR w5 (WL 2) . JLrp e M AL B
FEX, FRAER) 6 MR T A S P Ra i it 45.6
~273.4 Bq/kg, F-¥J{H K 188. 1 Bq/kg,  Thit & &
9 199.5 ~1118. 6 Bq/kg, YA N 584. 3 Bq/kg, 1M %
S e Y B9 Ra, 22 Th & & WA X EAIC, 7
54 3.4 ~35.0 Bq/kg,13. 0 ~ 100. 9 Bq/kg. 16 K2
A R B2 Ra i) A7 72 T R £ 0 T Ra
A& D, o 4.0 F1 3.4 Ba/kg. K3 FH#
M BB AT SRR P R Th (9 AR X AR, 435
19.5, 13.0, 26.3 1 25.0 Bq/kg. H &MY b
PRa Th By & 1t WA (0B 38 22 % k25 3 1
. A I EIE XA AE B AR L, RS P Ra, PP Th
R, MR EAE S Ra 1 A & R 250.3 ~
561.4 Bq/kg, ¥ N 359.3 Bq/kg, Thiy & & N
416.1 ~2272.9 Bq/kg, ¥I{H M 1256.7 Bq/kg. HE
() 3 ALY 7 Ra, P Thé &M XL £, Hop
O Rafy & &M 13.18 ~25.71 Bq/kg, P Thil & & H
47.6 ~180.5 Bq/kg. B2, 7 2 AR5 X i R 4

14 NS FERE S PP Ra, P Thiy &S #0R &, gk s
FEPLH X P RGO Ra 7 T I I A 4

2.3 GRGHERREY SR RS EE SEY
K

Hifx E4BHE EHMY MR EERA
Baker %11 $ A AR v 507 4 A v 38 R B RS
AH(TF) KT 1, MY 3o E4 R & RS
WESESEZ 17 . 2 WE SR N5
W] LUB R ST PEAZ 1Y BF (R T 1 M R h
B A R A

5 AEWIRE 0 TR P A A ) B AR R 8L BF
L3 2 A 2. 2°Rafy BF 4 0.03 ~2.81,*”ThiYy BF
$0.07 ~5.09, KM% BF & 0.08 ~2.12. % F M1k
WFFEIX, 6 A8k HAE M P2 Raly) BF 4 0.99 ~
2.81,°F¥2 1,61, HAUA — A HE 51 BF 2 0.99,
HAHKTF 1R EFES PP Thy BF R 1.30 ~
5.00,F¥ME K 2.96. XF FHEGILMHREXHN,8 NE
BFE S Ral®) BF A 1.47 ~4.20,F %% 2. 65,7 Th
) BF 4 2.23 ~9.06, ¥J{E R 5. 18. M H E Y1
**Ra, *Thiy BF —B#7E 107" ~10 (7 H. Kt
BRTCHAE MY BF A H B YRR S Y BF (A 25 1
~2 AR YL 3K R B kTR H X Ra R ThA B i
) & EAEH].

AN SE R B — A 7 ° U BF 2 1072 ~
10,2 Ra 9 BF J 10" ~10 21" HET %A
WEPPFU, *Ra | **The KRB EZ R WY BF
> 1 iRl ASHIE ST B ARAF R P2 H* Ra | " Thi) BF 1Y
B KT 1(1 ~10) , m T HABATEH KA 45 R 1
1 ~2 M. woR gk H X+ Ra | Th
ST PR R W AR AE .
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Table 2 Contents and BFs of **Ra,**Th and *°K in the above-ground parts of plants collected from different areas
E 32, Wy
SRFE X AR T2 FE L AL LT B2 LT LT 2
/Bq-kg ™! BE /Bq-kg ™! BE /Bq-kg ™! BE

MAE(S,)
R H 6 188. 1 1.61 584.3 2.96 262.6 0.63
( Dicranopteris dichotoma) (45.6 ~273.4)  (0.99~2.81) (199.5~1118.6) (1.30~5.09) (170.2~327.0)  (0.31 ~1.52)
FEXKFF (Comnstalk) 1 35.0 0.24 4.2 0.25 850.4 0.55
71 (pomelo leaves) 1 4.0 0.02 4.2 0.09 1015. 8 0. 86
ek 2Rt
zPeanut Istems and leaves) 1 51.5 0.44 100.9 0.91 191.9 1. 06
A (Cassava) 1 — — 19.5 0.23 320.0 0.92
I (Banana leaves) 1 3.4 0.03 13.0 0.13 961. 8 1.36
eI (Peach leaves) 1 9.7 0.18 26.3 0.41 191.7 0.7
it (Bamboo leaf) 1 16.3 0. 06 25.0 0.07 817.9 1.05
71(S,)
T 8 359.3 2.65 1256.7 5.18 262.9 0.74
( Dicranopteris dichotoma ) (250.3 ~561.4) (1.47 ~4.20) (416.1 ~2272.9) (2.23~9.06) (156.9 ~445.7) (0.12 ~2.12)
FE I (Eucalyptus leaves ) 1 25.7 0.17 47.6 0.24 90. 8 0.08
125 (Sweet potato vine) 1 18. 1 0.12 180. 5 0.48 185.3 0.37
FAEE(Pine needle) 3 13.2 0. 087 49.4 0.27 293.1 0.51

(8.6~19.4) (0.07 ~0.11) (35.5~69.9) (0.22~0.34) (166.1~456.3)  (0.16 ~2.12)

£3 MAOKEEM EHHMBEALP U Ra,
e BThFIYKE B
o K BF Table 3 Contents of 2*U,***Ra,***Th and “°K
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% £ M O Ak F M % oo
ok F oA ¥ OE M w4
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B2 AEEYM ST Ra P Th FK
MENEERY
Fig.2 BF of **Ra,*Th and *°K in the

above-ground parts of different plants

T — A Xk 08 kR A L 0 K MR e R
W R B & R AT 0 A TR Al R B S
W Z AR R 1 e R R R R ( LK 3),
25 5L 0 R X G A P Ra PP ThiY BF
IR ZEY > 1. X i — 20 F W25 FEXT U PR %
FHA R e

BRE 2 TALK BUAE R = A X R
1654 i A SRR M - RS R AR, N LR SRR
FLpR P9 2 Ra 122 Th 19 & & 0T 23 3 &5 38 561.4 F1
2272.9 Bq/kg, M0 1 & 4R R LR I8 4,20 F1 9. 06,
H LT A (4B 5 X 2 Ra R Th 19 8 48 2R 503 K

in Dicranopteris dichotoma and its root samples

TIEEE BRSNS ORBEE BEE OB

H R

. ME IR BEEE L ¥ B2 A RE
/Bq-kg™'  /Bq-kg™' /Bq-kg™' (BF) (TF)

=8y 256. 1 1.2 63. 4 0.00 0.02
20Ra 269.5 266. 8 112.3 0.99 2.38

! 22T 452.3 702. 6 270. 4 1.55  2.60
0K 525.6 212.2 232.7 0.40 0.91

By 215.0 0.0 60.3 0.00 0.00
20Ra  308.7 345.0 87. 1 .12 3.96

: Z2Th 452.9 617.9 139.4 1.36  4.43
O 1241.5 197. 6 299.9 0.16 0.66

28y 156.9 4.1 44.7 0.03  0.09
20Ra 109.6 140.7 61.4 1.28  2.29

3 B2Th 81.8 130.5 93.8 1.60  1.39
WK 540. 8 54.9 114. 1 0.10 0.48

1, T AE R A SRR R AR A b A A U R AR AR
A% R I B R AT A e i R B, B
PORaMIPPTh & i 5 £ 58 b 2 Ra AP Th & 2 W 3 1F
MG B E X P R E R EHZ BIR &
F PR R SR . T A R B
AT LAVE R ER T = /A I M X+ 82 Ra F12P Th 19 8 &
BEAEY. 53 A0 TSR BAE 5 R B g R WA
O H A 4 JE o0 R R 1 oo 2 b B T B AR
FH, B BR800 5 4 T8 T0 R A7 AR RS N £ 1
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JR A — & W AH S E. B E HOERR2S MY , B A
AR RE AN 4 097 Ra MY Th oK 38 40 ik 77
FEH LB AR Y A R T TS SRR S B
7 R E TR 8 K T BUIG HR BE O Ra AP ThiiG e
1) A )z BN TS

A S R A S S TR ] A 4 2 T Y R e
SEXI{E N 54.6 Bqrkg ', R R ME M 2.3 £57.
BRVT = U b DX IS 43 M X T T 1 AR IS 4R 99 X, 9
BEWFE R B ) 3 R P Th A 2 AR &, X KRR
SR TR K, B n gk AR &l AF L X Y
PTG S S E R e E 2, R RS ~7
£ L Ra F122 Thil & ALY 19 & B0, xF T & H
KR AZ 25 AR I 5 X sl il 5 G 4 H e 1
B EEAEEZ L.

3 HHig

(1) 3 %t WAL & A4S b X 11 Fh 9 LA
R IO 04 7 A HERE G A BT 5 & BLAK T JEXT 4 1
(7% Ra A" Th HA 50 (9 & AL 4E e JE AL
F1Ra (9 & & N 45.6 ~ 561.4 Bq/kg, ¥ 14 285.9
Bq/kg,”* Th i & B4 199.5 ~2272.9 Bq/kg, ¥
968. 5 Bq/kg. “*RaflI**Th ¥ #% E iy BF {H 25 1k 15 Bl
I3 5H 0.99 ~4.20, 1.37 ~9.06, F ¥ {H 53 5 K
2.20, 4.23. W) 0 E RS AT AE B Ra, P Thil
EHEMY , ENMEBE ™ Ra, P This Y g 5T
12 14 15 IS

(2) BRPEFEXS A 38 P R M A% 3 RaFI ™ ThiY)
W BRFRIL ] 1 AS 3 R 3k T Y [ R A R Tt —
.
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