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Fig. 1

High- purity germanium 7Y energy spectrum of

moss samples (taking DJTO1 as an example)
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Table 1 Specific activity of radionuclides in moss samples

. H I B / (Ba/kg)

FE S Specific activity/(Bq/kg)
Sample - -

7Be /LOK 238U 232 Th 226 Ra 210 Ph 137 Cs

DJTO1 698.8+17.5 57.716.7 BDL 1.2£0.2 0.7%£0.2 667.8+12.4 0.1£0.1
DJT02 348.4+14. 4 33.7£5.5 19.1+2.0 31.5+£1.2 43.6£1.9 284.1+8.8 1.8+£0.3
DJT03 202.3+£11.2 99.3£9.9 54.4%3.6 42.5+£1.5 48.4+2.1 308.2+9.1 1.6+0.3
DCO1 537.6+15.7 159.9+12.1 BDL 7.8+0.6 5.7%0.7 469.2+11.3 0.7%0.2
DCO02 317.7+13.7 61.7£7.7 BDL 11.9+0.8 12.9+1.1 557.6+12.6 BDL
DCO03 545.9+17.5 130.6£11.5 BDL 3.3+0.4 1.2+£0.3 651.1+14.1 2.310.4
DCO04 364.3+15.2 98.0+10.8 45.1+3.6 5.0+0.6 6.0+0.8 950.5+18.3 1.3£0.3

Note: BDL means below the detection limit and therefore cannot be detected.and the detection limit for ?*U is 3. 0 Bq/kg and for " Cs is 0. 1

Bq/kg.

ML 2 Fe 1 0] A4S L 78 FEA B AR & b 24
7 Be (1 HIE BE L AR B B Y TG EE Ry 202. 3 -
698. 8 Bq/kg, FH4{H H (430. 7+ 169. 7) Bq/kg (n =
7). MWE 2 AT LA .7 Be By Ho i BE7E XD F3E K bt
e 5 S DA P R T AR KR R AT AR TR . A
[vi) it o ) 5 B L TC 0 AR A A AN [ b X34 2 ) — b X
EATH 2 RARAR B . SRl R BUREFE /N N B4R
T 2R E /A B B R /NSRRI BOAR
SRR A 22 R B S AN (EL R 45 SRR A 1 B K = B
ANTF] . 52 BN L AN TR AE B 00 5 ), 78 A Sk 3R T
K E EERE L I DCO2, DCo4 Al DJTO3, & 4]
(7 Be LU BE B 0 LU AE [R] — b X A2 K AE 882 1O
18 [ b 2 7 B AR

TEFT A 8RR S P R I 2K L s LYK
TE & BERE 5L TP BTG R 33,7 - 159. 9 Bq/kg, F1
i }(91.6+44.1) Ba/kg (n =7), K 2(b) A LA
A OK R E KB S B R TR
Rt

HEEPOU B LW B AR TR 0 BR (3.0
Baq/kg) #| 54. 4 Bq/kg, F-¥{E K (16.9 £ 23.6) Bq/
kg(n =7), HA7 DJT02,.DJT03 F1 DC04 3 4R 55
K 3] 725U () H s R, H DIT02 A H At i 4 19 He
T B AH 22 K, DCO4 &b 1 e BE 5 DITO03 Ak
I, MEZN, BA B E AR D YR 2% Th
I Ra 9 LG BE, B EETP™ Th LG 1.2 -
42.5 Bq/kg, FHI{H K (14. 7+ 15.9) Bq/kg (n =7,
HHEEP P Ra WY LI N 0.7 — 48. 4 Ba/kg. FH{E
H(16.9 +20.3) Bq/kg (n =7).**Th fI**Ra 1 It
T A8 5 30 A AL R

A BEGE & EERE S PP B LS B 284.1 —
950. 5 Bq/kg, F¥I{EH H (555. 5+ 231. 0) Bq/kg (n =
T, EXREE KXY P, DITOL A HL 3G B kKT
DJT02 #1 DJT03, 3 EH DJT02 F1 DJT03 Y kb 1% i %
PRI . 7R KRBT Ph A9 FL TG 2 B0 8 1
A,

2.2 AIMSEZRENILEE

R 1K 3 AR, BT A B & EERE T, A
DCO2 ¥A3 K I £ Cs [ L 15 BE 35 #8 ff 1 Cs 1Y 1L
T MK BR (0.1 Bq/kg) % 2.3 Ba/kg, FH¥IH N
(1.1%£0.9) Ba/kg (n=7), X} LA~ KR 4 2]
FE AR T LUE S, RE R LR DCO2 1™ Cs ik F
R BR A1 H AR i BRI T Cs, TR B SR s Y
Rt T RE R 0 XF I8 R YT T AT S5
HEs RE ARG I T Cs. B RSB K BT SRR 5L Y Cs
CEYIME:(1.240.9) Ba/kg.n =30 ERHIFEES

3 [ | Dengjiatuo (DIT) Dacao (DC)
o
g 27
B
= ‘
3]
<
=
5 14
(]
o
; |
O -

NN QI\’ Q;V QI“’ le‘
ST S

B3 EERRE S N TR A R Cs 1 LT
Fig.3 Specific activities of artificial radionuclide " Cs in

moss samples



FAMAGE, k=, & TARLRR#EPEHEN RS EZE ST

RERGUHEFE M FRE: (1.1+1.0) Ba/kg.n =
AR HE L — B A S i B AFTE2E 5, HYCs 1Y
FETG BE A AE A R TP E ML, X AT B2 1h T
P A TR S0 B85 AN [ il 45 75 86 119 25 A I TR T AN T
BN R BRI B R TN TR A Cs BT
T

3 itig

3.1 RAMSMEZENLEE

AW ST A Be B9 TG BEBUE 5 Ren %50 (0 -
2 437 Bq/kg) il Zhong 2" (19 — 1 442 Bq/kg) 4%
RCEW) G . AHTE SR & & 08 A K AEAS R L IX
SRR — ML X, BT 25 AR AR B B, 3 AN R 4R
T i B 1 2 K TR N A K B BEA 6L T LSRR
S NMEBS AR KR " Be 1Y HLIE 5 2045 AT LU
AN TNk K TR SUN IS OE NS ik L)
et AR A A I R DA R T R AR 45 AR A
HA mER s,

BT R E R YU AL H XS RV RS0 B AR
TR WL IR R 22— 8 — g SR B B AE 5000 A2
A e 3k 5500, 3 Al fB S 1 K FE RS R B
LG AR A FEE RN 2 —

A 925 U2 Th M1%° Ra B9 5088 1 H Al 0F 52
TAEXF H . Ren 2S4S U By He 1% BE by A6 0 BR 2=
88 Bq/kg. V¥ N (42 + 33) Bq/kg;?**Ra I Lt 1 BE
4 4 — 25 Bq/kg. F¥{E N (15 £ 8) Bq/kg; Zhong
S AR — AN B BERE S A A5 Th (Y 3% B [ 3k
(238+16) Bq/kg ], HBARTE K ZHHE #EAE S P LT
PRI 2072 Th /) LT B AR AL A IS )2 3 RE
HST RGN 2072 Th /Y b E B, LN JESE B O 11 -
174 Bq/kg, AT KR BER™ Th 4, Hik B 4 35 7
IE W P AR B Hfh s Yol VR AHIE 5T X A
F* Th HGTG B 09 J5 0T 58 2 b BRI B 4 5 35 A 4%
03B 4> FIAR B L 1 Zhong 455 78 4b 38 25 6 i 1 X 4
RS TR

A WGP B M TE AL T AL- Masri
AL RIS v 2 BE PO Ph 1 L IE R S R (339 —
5 815 Bq/kg) W .*""Pb FZ R T RIRH R AL %
BRBHIE I R B T R RN 8 BE A 7 45 R T AR Y
BB IR Al-Masri 257 BF 58 b A9 B0 H e — 80, AR
o A5 BRH T VA B B LA B T T B AE AE L B LA AT LA
HOPh B oAl T g ok 5

3.2 AIMSMREMLLEE

YTCs Y LS BERCHE 5 Ren ZEU AR T 7Y B
A H B EEEE (2.3 £0.9 Be/k) IEH M A, 55X
FIER BT & SERE A AT LB K UKl R0 # B AE A
T Cs B4 I R 5 i e — 6, G P T R R A A
STEHE O 2 B ) B T Cs BRIA D 2
TR IFEN g e,

4 iR

ABE ST TP RO K BT RE OB AR A
7 Be K. **U.* Th,**Ra.”"Pb M'"Cs A Lt &
JE S5 R R, X — b DX S8R 4l P A % R B OE
CRENC S PNS WG IR R £ Wil S A s
A B A A S R IR T T AL R Be B9 B
R oy T, BS R=ash A HHE VIR R T
AR FE A D [ R T 40 A s XK R B A 5 4 A
TR S

ABETETT T KUY R dh b KR 5N TGt
PERZ SR B LT I, 96 E T R A A i e DN B
RO PR 507 ik B AT AT R ARG S iR B T B %
BB SR o A F 4k B2 XS TG SRl R TR Y 1
E Al OSSP TR AT I R 3 T 3 AR S A A 3R A KR
AT 0 A B AR A 2 — 25 F 9 /N A T 1 0 e S5
RO PERZ R IR BRAT O

&%k

[1] AOYAMA M. Artificial radionuclides [J]. Encyclopedia
of Ocean Sciences,2019,1:136-152.

[2] BERESFORD N A,FESENKO S,KONOPLEV A,et
al. Thirty years after the Chernobyl accident: what les-
sons have we learnt? [ J]. Journal of Environmental Ra-
dioactivity,2016,157.77-89.

[3] MASSON O,BIERINGER J,BRATTICH E,et al. Vari-
ation in airborne "' Cs,” Cs, particulate ™1 and "Be
maximum activities at high-altitude European locations
after the arrival of Fukushima-labeled air masses []].
Journal of Environmental Radioactivity,2016,162/163:
14-22.

[4] KRMAR M,WATTANAVATEE K,RADN()VIC D,et
al. Airborne radionuclides in mosses collected at differ-
ent latitudes [ J]. Journal of Environmental Radioactivi-
ty»2013,117:45-48.

[5] VOSEL Y,BELYANIN D, VOSEL S,et al. Distribution

of " Cs in lichens, mosses and pine needles along the



(6]

[7]

(8]

(9]

[10]

[11]

I ARZFERFR,2023 £,39 %, % 2 #8 Journal of Guangxi Academy of Sciences,2023,Vol.39 No.2

transect from the north to the south of Western Siberia
[J]. Science of the Total Environment, 2021, 789
147874.
ALEKSIAYENAK Y V,FRONTASYEVA M V,FLO-
REK M, et al. Distributions of *"Cs and *"*Pb in moss
collected from Belarus and Slovakia [J]. Journal of Envi-
ronmental Radioactivity,2013,117:19-24.
PARK K H,KANG T W,KIM W J,et al. "™ Cs and
Y7 Cs radioactivity in soil and moss samples of Jeju Is-
land after Fukushima nuclear reactor accident [J]. Ap-
plied Radiation and Isotopes,2013.81:379-382.
HONGVE D, BRITTAIN ] E, BJORNSTAD H E. A-
quatic mosses as a monitoring tool for ¥’ Cs contamina-
tion in streams and rivers: a field study from central
southern Norway [J]. Journal of Environmental Radio-
activity,2002,60:139-147.
LI H,ZHANG X B,WANG K L,et al. " Cs redistribu-
tion in thin stony soil of a carbonate rock slope in South-
west China [J]. Pedosphere,2011,21(1) :37-45.
LIUP F,WU Z Q,LUO X R,et al. Pollution assess-
ment and source analysis of heavy metals in acidic
farmland of the karst region in southern China:a case
study of Quanzhou County [J]. Applied Geochemistry,
2020,123:104764.

SELAK A,REBERSKI J L, KLOBUCAR G. Ecotoxi-
cological aspects related to the occurrence of emerging

contaminants in the Dinaric karst aquifer of Jadro and

[12]

[13]

[14]

[15]

[16]

[17]

Zrnovnica springs []]. Science of the Total Environ-
ment,2022,825:153827.

GUAN Y J,MAI ] Y,WANG H ]J. Plutonium isotopes
and radionuclides in corals around Weizhou land in Bei-
bu Gulf, China [J]. Applied Radiation and Isotopes,
2021,176:109873.

REN X,WANG J L.,ZHONG Q Q.et al. Radionuclide
and trace metal accumulation in a variety of mosses
used as bioindicators for atmospheric deposition [J].
Science of the Total Environment,2021,797.:149224.
ZHONG Q Q.,DU J Z,VIENA P,et al. Accumulation
of natural and anthropogenic radionuclides in body pro-
files of Bryidae, a subgroup of mosses [J]. Environ-
mental Science and Pollution Research International,

2019.26:27872-27887.
KRMAR M,RADNOVIC D, HANSMAN J. et al. In-

fluence of broadleaf forest vegetation on atmospheric
deposition of airborne radionuclides [ J]. Journal of En-
vironmental Radioactivity,2017,177:32-36.

RUVFRT A 2 B, JH DA, 55, 5548 B A% R Be A Be
IR EER A B AL i s e W oY R ()], bR B 2tk
2020,35(10) :1016-1028.

AL-MASRI M S.MAMISH S, AI-HALEEM M A, et
al. Lycopodium cernuum and Funaria hygrometrica as
deposition indicators for radionuclides and trace metals
[J]. Journal of Radioanalytical and Nuclear Chemistry,
2005,266(1) :49-55.

Radionuclide Analysis of Moss in the Leye Tiankeng Group in

Guangxi

WANG Liang', JING Qiaoyan', YAO Binglan', GUO Yining', KUANG Pan', HU Yisu',
CHEN Wu',GUO Zichen',HE Xianwen®,GUAN Yongjing'" "

(1. School of Physical Science and Technology, Guangxi University, Nanning , Guangxi, 530004 , China; 2. Radiation- Environment

Management and Monitoring Station of Guangxi Zhuang Autonomous Region, Nanning,Guangxi,530222,China)

Abstract ; In order to explore the influence of karst landform on the distribution of radionuclides and the radio-

activity of local environment in Guangxi,the specific activities of "Be,"K,**U,**Th,**Ra,*""Pb and " Cs in

moss samples collected from Dacao Tiankeng and Dengjiatuo Tiankeng in karst area of Guangxi were meas-

ured and analyzed for the first time by using high-purity germanium detector. The results showed that the
specific activity of "Be in bryophytes ranged from 202. 3 to 698. 8 Bq/kg [ mean: (430. 7 £169. 7) Bq/kg.n =
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7].%K:33.7-159.9 Bq/kg [ mean:(91. 6+ 44. 1) Bq/kg.n =7];**U was the detection limit (3. 0 Bq/kg) to
54. 4 Bq/kg [mean:(16.9+23.6) Bq/kg,n =7].**Th was 1.2 —42.5 Bq/kg [mean: (14. 7+ 15.9) Bq/kg,
n="7].%"Ra was 0.7 — 48. 4 Bq/kg [ mean: (16.9 + 20.3) Bq/kg,n =7].*°Pb was 284.1 — 950. 5 Bqg/kg
[mean:(555.5 * 231.0) Bq/kg.n = 71;""Cs was the detection limit (0.1 Bq/kg) to 2.3 Bq/kg [ mean:
(1.1£0.9) Bq/kg,n = 7]. After comparison, it is found that all the measured data are within the normal
range,indicating that the karst landform of the Tiankeng has no significant effect on the distribution of radio-
nuclides,and there are no other sources of pollution in the area. At the same time,it provides data support for
atmospheric tracing in the karst area of southern China.

Key words: radioactivity; moss; karst landform;nuclide tracing;’Be;"*"Cs
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