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Fig.1 Schematic diagram of radon chamber
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Table 1 Effect of different radon concentrations on chlorophyll content in Tillandsia brachycaulos

%k % /Bqm’® M4k Ra/mg g (FW)

43 % b/mg g (FW) M4 /mg g (FW)

0 (A HR) 7.70+0.67*
3000 6.41+0.68°
5000 5.71+0.41°

2.86+0.32° 10.53+0.97°
1.99+0.20° 8.38+0.70"
2.2340.15" 7.92+0.55°

ARTEHn=10. [FIZVEAE AN R NS 7 B ROR 22 52 036 (P<0.05), MIA) 7 BERoR 2 R A B3, 2.

2 AR AR E0S DL AT A 2 KA B AR AR R 5 R

Table 2 Effect of different radon concentrations on physiological parameters in Tillandsia brachycaulos

R 5 AL SODiF {1/ CATIFH M/ PODyEE/ MDA % &/
&Y&)E/BQ'IH *HX#%E’F%/% -1 -1 .l - .l -1 o -l -1

mg-g (FW) U-g" (FW) min U-g" (FW) min U-g” (FW) min nmol-g” (FW)

0 (4D 48.07+3.71° 0.31+0.03" 285.75+9.45" 50.1542.06" 44.1742.88° 3.93+0.17°

3000 56.22+3.80" 0.23+0.03% 482.40+12.69" 40.04+2.56" 10.00+2.67° 5.00+£0.27°

5000 52.90+1.44" 0.19+0.03" 488.80+11.19* 34.39+4.34 37.64+5.07° 6.74+0.43"

3 AEERELEMNAIFM=RATAMERSSE
A
B 5 A FE (1) v, DURT R 2 R ] I 1 B
TEE TREA, X4 80.31+0.03) mg-g”
(FW), 56 4145 5 9(0.23+0.03) F11(0.19+0.03)
mg-g (FW) (%2), 5%t AL, RIG4H D T
25.81%H141.94%, H 24K ZH#In%I5 000 Bq-m i}
550 BRIk B 22 7 2
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AR ER, EASELE, WMARSKRE T
23 5 3 (482.40:£12.69)F1(488.80+11.19) U-g ' (FW)-
min’', 78 KT B 4(285.75+9.45) U-g” (FW)-min’'
(322), SODE 1 B 38 i, 5 P /N [R] A0 B Ab B
J& HIRE #R SOD I 14 [B] H- % 35 22 5%
5 TREIERELIERT DA FIZE R CATE MR F200
b 5 ST IR P ) T, DUAT R 2 KUK CAT
TR B T AR, X PR 4LCATIE 4 4(50.15+2.06)
U-g" (FW) min”, MiR4&4ZH3 000F15 000 Bq-m™ (¥
CATE 43 51 F P 51 (40.04+2.56) F1(34.39+4.34)
U-g" (FW)-min” (2), 5% B 4UH 72 57 0 52, 4
AMRIGAH A 2E AR .
6 NREIEKE LIRS DUATFZ R PODE M4 AY £
SUALEE S5 DR R 2% R K PO D P 1 . BA I,
W E N3 000 Bq-m i, PODE 4 4(10.00+
2.67) U-g"' (FW)-min™ (2), /N FxHE4 . &k

5 000 Bq-m™ kb T PODIE 1t 3% A W & A%, 6
A
7 FEIERELIEX WATF|Z= RMDA & £ I/
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RGN, S AR 2 R BEE, Bk
5 000 Bq-m Hf MDA % &34 $1)(6.74+0.43) nmol-g!
(FW), 1 KT 20 1#7(3.92+0.17) nmol-g™ (FW)
(F2), YIHAE— 2 U N, MDA S & 5875 Yeik
AR A I, TR BB =y, P Ry o

Wi

BRI 1 T AR A4 4 RS 77 TH A
B A — 225 T &0 B S N A 4H 231 5 i 25 S
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2Pb. PUBiIAIPPo, X LT ARE R A RS, A
HESJR AT, XA R4 4% 5™ 5 (Temp-
ferd52010). P, 7£— @R b, ZOMAEI 454
BN T 225 SN B IR s e e At R 2% R B 6
T IER .

B2 B AR T T — Bl WL SO A 2R, 4
257 ) S A TS WL P A B, HL o 2 B L PR
fik(JainfllAery 1997). AHFFFRE, 4 JIAH] 7R
Z R F SR BTG Ry, H R S8R s 1
SO, B AR IE R, MR Raf B4R 5K
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T EBWFEIRGRTD), YIRS T2 A
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M4 2R AE A8 T R O, a2 T AR R
SR AT et R A B AR B — R AR A

5 G R /N T M A A R AR BT (Jain
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WK, DUnT R 28 ROAT i M R ) R BRI (R 2),
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A )72 RMDA & 43 228 K (22), 1M HL2& & e
P s s — e A R i 2 S IR,
IR X522 [ HSEQO16)F 7T 4
W NN BR 41 2 JE MDA [ AR A #a 35 A 7], 5 2L
Rz 2R R 2 AL o e 5 R R )4
YT MDA B HRRSE F (e vk EE2011),
FAE Y (MDA 5 5 il 25 2 J 3 - T
(Li%52006). [, MDA % & fig 5 P h s i H D
AR KA B A A 1 L, TE— 8 6T, AT R
VE 9 S A5 G o AL A B AR A 1Y) R AP R o

MD A FIAR X HL 5 3 75 AU Wl 5 A — 20

AL T B S A 5 BT AL R Si(SOD.

CAT. POD%) 5%, HATHIRIEK I, EMia)E,
DURTF) 2% R SODIE 14 2 2% - FH(32), i BH DL AT
2 R A PN T 1 RS R A R TR R IR, X AE
— B AR IR AU A I 1, 1 5 DL R] R
RO P, [FR 2 S SIMDAFI AR X i S
RAGHILE AR . R, X AR B T AR S
36 48 SR HED, I 7 EE I 0 5 AN T 2 R
e INALLEIE /S i 21 S 8

EEXT B B N AR 20 B 45247 0 R 5 3 B,
M5B R FE AU, g 51 2t 35 R
P R AR (Xus52008) 140 S AR T AR 7 A o
RLFAE NS A A 72 A2 A B AS, XWTDNA 2 i8& B
FEAG 9 A T 45 1, () 401497 BV B B P 2R AE A4
PR AR, HIs R E BB P R G p s,
M KB H RS RDNAL & A R4
T YA EE AL 20 R A A A (Alavanja 2002).

2 JE A Q016) I 7T RN &I, Bl AE A 4 75 1N [A) 1
I, MDA 4 457 2 B G 2 77 & e 1 2 25
I, SOD ;b e85 7= T iy~ %, KBt
U2 R T EMAS . 52, BEREATM L
B MmN, HEE MR, AR
RAANMDAS 5% FFH(3R2), RIFEWHL
W22 T E . (AR E T, DU R
SODVEME R Z T (K2), X~ R 5L H B
(2016)HF T 45 AN, 1] R EUMia 75 S 14
SOD1) & B, 8 o S B 25+ B s 5L 1) K= AR
2, WP . B EIREMNE T,
VIR 85 18 3 4 52 B ) 8 35 e, 5 8 SODE 1
AR . (K, SODIEME HUE &5 R i Ai5
Lo R A A B A 1) — R FE AR

L SODAN], fEA M ia~, JnlH)2 RCATE
PR B BEAR(FR2), AT BB &5 Jehia 5 80 P 14
WCATIIA R AZ I, BT CATHIS A, i EALE
KA B R g e A T 3 R A SR 11 4
FEAEIMDA K R R . (HEEAE SR 38 N, 1
A F 23 A CAT [ 48 At AR A I8 35 (1 ) s, [
Uk, CATYE A8 AT LAE Ay S WA xR ) A B 4%
Pt — M FE b o

TEATS Jeiia F, DUATHR) 25 X PODYE P R I
H e MRS BRI (GR2), iX 5 SODFICAT
A AN o AHAELE 0 B A5 R IR i R G
F AR B A A R . AR Y
YR NMDA K& 2, PODS K &4 ks
MDA (FEF:%52011). Z:4SOD. CATAHIPODHAL
PGB AT &, 7E3 000 Bqm &S EZZ IR LIS, DLnT
F) 7 R E A 1) 32 AT 45 1T BE A I B 7E W ae
B R BB B 1 B A, B SOD R #%E &
BEH, 1M R E AW 18 N POD 4R K 5 32 2
PEFH, 845 DLAT ) 2 XU A AN AT 3 b b 52 3 &0 8%
Hrimdnts, B EE T — bk,

gE b, MY E IS Ia T, 4 N V2 AR
A A TR 22 AR AR N IR AR, A T PR AR B R A S
T B A P S B AN BE T R AN RN . AE A
R, DURT ) 2 RO AT ¥ 1R B A i RAE 6 L
R RAERZEB, X br AR E A 1E
AN DURT R A R B e bR . HaE RS
. SODJEME. CATIEMEFIMDA & &5 5 %) Hi 4
HHEZER, (HMDAJE Mt — Fifl &0 52 38 0 2%




K Fi S TR R SR A A R AR B AR DL UURT A s RO 41 1249

SRR, X AU e fo BRI, 3 R D S R
AR B A AR bR, TR & &, SODIF
AN C AT 5 AT 4 Dy e e A 43 05 1) — MBCAE 45
bro TMTPODIE P AL M B T LR, 2 35 AT AE
S RS RO I FE A 7 gt — DR,
R, TRIEILALE 1) JC JH A A A0 e SR 0 2 3 1 A 2 i
LRI FT, b £ SR 75 T ph D) R A e B
AN RBRE TS 2 A I 19 T B 22 A S

SE R

Alavanja MC (2002). Biologic damage resulting from exposure to
tobacco smoke and from radon: Implication for preventive inter-
ventions. Oncogene, 21: 7365-7375

An B, Tang YL, Chen M, Ao J, Wang D (2011). Responses of antioxi-
dant capacity to Cs' bioconcentration in wheat. J Nucl Agric Sci,
25 (2): 348-352 (in Chinese with English abstract) [%{K, iz
K, Wit BGE, EFH2011). ANZUAALRE J0S Cs s AR BE 1
W, BAR 23], 25 (2): 348-352]

Batlle JVI, Smith A, Vives-Lynch S, Copplestone D, Prohl G, Strand
T (2011). Model-derived dose rates per unit concentration of ra-
don in air in a generic plant geometry. Radiat Environ Biophys,
50 (4): 513-529

Calasans CF, Malm O (1997). Elemental mercury contamination sur-
vey in chlor-alkali plant by the use of transplanted Spanish moss,
Tillandsia usneoides (L.). Sci Total Environ, 208: 165177

Jain GS, Aery NC (1997). Effect of uranium addition on certain bio-
chemical constituents and uranium accumulation in wheat. Bio-
logia, 52: 599-604

Jayaratne ER, Ling X, Morawska L (2011). Role of vegetation in
enhancing Radon concentration and ion production in the atmo-
sphere. Environ Sci Technol, 45 (15): 6350-6355

Jiang ZQ, Liu X, Pei WW, Wang X, Tao LJ, Lu SS, Nie JH, Tong J
(2016). The redon damage of lung tissue and peripheral blood
in mice upon radon inhalation. Jiangsu J Prev Med, 27 (2):
133-135 (in Chinese with English abstract) [32 H )&, X2, FEH
I, N0, BRSLER, BRI, SedktE, HE(2016). AU
T ZEL RN S ML S A . YL DR TR R 2, 27 (2): 133-135]

Li HS (2000). Principles and Techniques of Plant Physiology Biochem-
ical Experiment. Beijing: Higher Education Press [2%#4(2000).
A A A A 520 SRR R U5 AR AR

Li M, Xie XT, Xue RH, Liu ZL (2006). Effects of strontium-induced
stress on marine microalgae Platymonas subcordiformis (Chlo-
rophyta: Volvocales). Chin J Oceanol Limn, 24: 154—160

Liang ZR, Liu YY, Li LJ, Yang QQ (2000). Study of the pollution of
indoor radon and its protective methods. Suppl J Sun Yat Univ,
20 (4): 239-243 (in Chinese with English abstract) [2E 2, X
B, BRAY, M5 (2000). 5 2= ATT BT R LG
THEREFL. Wl R F4R8 A, 20 (4): 239-243]

MaclIntire WH, Hardin W, Hester W (1952). Measurement of atmo-
spheric fluorine analysis of rain waters and Spanish moss expo-
sures. Ind Eng Chem, 44 (6): 1365-1370

Mandija F, Rakaj M (2012). Influence of vegetation on radon exhala-

tion rate on forests areas. In: EGU General Assembly Confer-
ence. EGU General Assembly Conference Abstracts, Austria,
2012. 14: 776

Miao C, Zhong HG, Sun J, Nie JH, Su SB, Tong J (2005). Effect of
inhaled Radon and its progeny on blood and bone marrow cells
in mice. Chin J Hemorheol, 15 (2): 173-174 (in Chinese with
English abstract) [Bi#, fT1E &, 7hEE, SL4kiE, Jitbs, e
(2005). %R -4 /s B MLVBORN B BB AT AR PR S . o [
WA E, 15 (2): 173-174]

Pan ZQ (2014). Attaches great importance to the rise of natural radi-
ation level by human activity. Chin J Radiol Med Prot, 34 (5):
321-322 (in Chinese) [ F 58(2014). & HMW A A& 5
I RARERS KF T . PR B SRk &, 34 (5):
321-322]

Pereira MS, Heitmann D, Reifenhauser W, Meire RO, Santos LS,
Torres JPM, Malm O, Korner W (2007). Persistent organic
pollutants in atmospheric deposition and biomonitoring with 7i/-
landsia usneoides (L.) in an industrialized area in Rio de Janeiro
state, south east Brazil-Part II: PCB and PAH. Chemosphere, 67:
1736-1745

Tempfer H, Hofmann W, Schober A, Lettner H, Dinu AL (2010).
Deposition of radon progeny on skin surfaces and resulting
radiation doses in radon therapy. Radiat Environ Biophys, 49:
249-259

Ting DS (2010). WHO handbook on indoor Radon: a public health
perspective. Int J Environ Stud, 67 (1): 100-102

Tong J (2007). Lung cancer induced by smoking and Radon exposure:
discrepancy in biology and epidemiology. J Environ Occup Med,
24 (5): 542-545 (in Chinese with English abstract) [ 7(2007).
WS N 5 A A 8 SO e (R AT 2 R A ) 2 22 S IR S B0
BE2#, 24 (5): 542-545]

Tong J (2009). Radon induced lung cancer: biological effect and pro-
tection. Radiat Prot Bull, 29 (5): 7-11 (in Chinese with English
abstract) [#4:(2009). Z B0 AW 27008 5 B 4P SR S
IR, 29 (5): 7-11]

Wang Y, Chen JW, Di XY (2011). A comparative study on the SOD,
POD, MDA and dissoluble protein of six provenances of Chinese
pine (Pinus tabulaeformis Carr) under water stress. Ecol Environ
Sci, 20 (10): 1449-1453 (in Chinese with English abstract) [+
B, BRESC, KWEHE(2011). Kol N AR A FRJRSOD
POD. MDA J R EURCHE 78, AR 385 241, 20 (10):
1449-1453]

Xu NY, Zhang SP, Nie JH, Li JX, Tong J (2008). Radon-induced pro-
teomic profile of lung tissue in rats. J Toxicol Environ Health A,
71 (6): 361-366

Zhang L, Xu TT, Guo QJ (2011). Comparison of closed chamber
methods for accurate measurements of Radon exhalation rates
from building materials. Radiat Prot, 31 (1): 17-22 (in Chinese
with English abstract) [5k5%, #RUE0E, FERKZ(2011). 7 &3 X
AN AR FL. SR B4, 31 (1): 17-22]

Zheng K, Ding JL, Yu LS (2009). Briefly analyzed characteristic
and research progress of 7illandsia. Chin Agr Sci Bull, 25 (23):
339-342 (in Chinese with English abstract) [#gl, T A, firfek
A4:(2009). M S RALARFAE R LT FEdt e op R A S A,
25(23): 339-342]




1250 T A P )

Physiological damage of radioactive gas radon on the plants: in the case of

Tillandsia brachycaulos

ZHANG Rui-Wen, GU Min-Tian, ZHENG Gui-Ling, LI Peng*
School of Resource and Environment, Qingdao Agricultural University, Qingdao, Shangdong, 266109, China

Abstract: In order to investigate the physiological damage of radioactive gas radon on the plants, Tillandsia
brachycaulos, one common air pollution indicator plant, was selected as the materials. Different physiological
parameters were tested after the plants were treated with different radon concentrations (3 000 and 5 000 Bq-m™)
in the standard radon chamber for 72 h. The chlorophyll content, SOD activity, CAT activity and MDA content
were significantly different from the control, but only MDA content increased significantly with radon concen-
trations. So, MDA content can be used as a good index reflecting the damage of radon on the plants, while chlo-
rophyll content, SOD activity and CAT activity used as general index. In contrast, the soluble protein content
and relative electrical conductivity were not significantly affected by radon, so they were not suitable as index
showing the physiological damage exposed to radon, while the activity of POD as a reflection of radon on plant
damage need further study.

Key words: air pollution; indicator plant; physiological damage; radon
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