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Effect of Perchlorate on Rice Eco—physiological Characteristics and It’s Distribution in the Paddy Field System
CHEN Gui—kui, LUO Shi-ming, DU Ning-ning, HE Hong—zhi, CHEN Jian, HUANG Xiu—fei, LI Hua—shou

(College of Agriculture, South China Agricultural University, Guangzhou 510642, China )

Abstract: A rice culture pot experiment was conducted to study the effects of different concentrations of perchlorate in irrigation water on the
growth and physiological activities of rice. The distribution of the added perchlorate in the soil-rice system was also studied. The results show
that there were no significant effects on plant height and tiller number of rice with 0.1 and 50 mg+ L™ perchlorate in irrigation water. There
were no significant differences of peroxidase(POD) and superoxide dismutase(SOD) activities between 0.1 mg+ L™ perchlorate in irrigation
water and the control. However, 50 mg+ L™ perchlorate in irrigation water could increase POD and SOD activities in leaf. The catalase (CAT)
activities in the 50 mg* L™ treatment were significantly lower than in the control and in the 0.1 mg* L™ treatment. However, there were not sig—
nificant differences in CAT activities between the 0.1 mg- L™ treatment and the control. Malondialdehyde( MDA ) content in rice increased
significantly with the increase of concentrations of pollutant. Perchlorate could promot protein synthesis in rice significantly, and it's influence
on chlorophyl contentl of rice was not significant. Concentrations of perchlorate in rice leaves were significantly higher than in root, stem or
grain. It indicated that rice leaves was the main organ for perchlorate accumulation. The higher the concentration of perchlorate in irrigation
water, the more perchlorate was absorbed by rice and entered into rice. Perchlorate and it’s intermediate metabolites chlorate could be detect—
ed in the root, stem, leaf or grain in all 4 varieties of rice in this experiment, but could not be detected in soil during harvest time. It indicated

that added perchlorate inirrigation water had been absorbed by plants or degraded by microorganism in soil. In this experiment, the amount of
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chlorate detected was either in a very small amount or not able to be detected at all in different plant parts. It indicated that intermediate

metabolite of chlorate is relatively easy to be catabolized. There was significant different among different varieties of rice in absorbtion and

accumulation of perchlorate. The concentration of perchlorate in grain from variety Gui Nong was the highest among the 4 varieties.

Keywords: perchlorate; rice; eco—physiological characteristics; distribution
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Figure 1 The chromatogram of 4 mg* L™ Cl-,Cl0; \NO; ,SO7 . ClO; standard

R 1 ARERESSBRECE THABHRE (cm)F15EEE (1)

Table 1 Plant height and tiller number of rice in different concentration of perchlorate (cm)

AP BF Treatment

SBEWIRRE Plant height at

FMFHIERE Plant height at

AKAFEAF Varieties of rice concentration/mg- L™ tillering stage/cm heading stage/cm SHGE Tiller number/ 4>
A7 998 0 60.34+1.22a 65.56+1.68b 9.58+1.23a
0.1 58.941+0.84a 72.83+0.92a 7.83+1.00a
50 60.67+0.24a 67.11+1.63b 6.61+0.40a
FAK 998 0 67.77+1.21a 68.30+1.20b 4.22+0.36b
0.1 69.72+0.30a 72.11+0.77a 6.08+0.47a
50 67.89+1.31a 75.56+1.12a 4.83+0.50ab
BR2H25 0 66.33+0.38b 67.67+1.20b 3.56+0.15b
0.1 71.46+2.04a 72.060.78a 4.06+0.20b
50 65.89+0.72b 70.00+0.88ab 5.39+0.24a
R 0 61.73+1.17b 63.20+1.74c 4.50£0.44a
0.1 68.28+0.99a 71.00+0.83b 5.17+0.51a
50 71.28+1.99a 76.67+2.12a 6.00+0.92a
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Table 2 Effect of each treatment of pollutant on SOD,POD and
CAT activity of rice

AR VR
Treatment concentration SOD POD CAT
of perchlorate/mg- L™
0 462.22+47.86b  234.91+10.65b 301.34+8.45a
0.1 467.46+69.47b 250.89+11.13ab 295.95+9.02a
50 700.37+28.93a  350.51+45.76a 279.19+7.57b

MR 20 FH 0.1 mg L™ ¥ LB ) SOD,
POD F1 CAT TGS X BBAMEL LB E 2R ,50
mg L™ ¥k B 4 BH4H (9 SOD F1 POD B &M B 5 T
X HRLAFN 0.1 mg- L7 ¥R EEALIRAH | 1 CAT FgTE P B2
[“2
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Figure 2 Effect of each treatment of pollutant on MDA content of

the rice leaf
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Figure 3 Effect of each treatment of pollutant on

protein content in rice leaf
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Figure 4 Effect of each treatment of pollutant on

chlorophyll content in rice leaf
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SERILE 4 it FhaE . MAERAL ClO: & B LLBORE , KFgr J
M 3 GERATE AV RAER —3RAL, KR A ClOs & B LR & TR ZEA4, UK REM 25
AR, ClO: RS B A e BB WS, BHRE,  AMERFNTESE, W HREE I E R AR
BEAR G FRAL 998 PN & #n B IR MRS BRI, KARERUOEIE AR AL A2 g Ao

R3 FEALEABERETSRRELHETE(ng kg)

Table 3 Treatment content of perchlorate in rice organs(mg-kg™)

ClO; ¥t & Treatment concentration of KIERE JKRE PP Varieties of rice
perchlorate/mg- L™ Organ of rice 4k 998 R4 998 N W= R &G

0.1 0i:3 1.77£0.26b 0.74+0.30b 1.74+0.23b 7.47£1.42a
= 0.02+£0.01d 8.79+0.72a 1.90+0.26¢ 4.43+0.31b
- 65.20+6.47¢ 174.75+16.84a 61.24+7.59¢ 105.27+13.73b
& 0.04+0.01¢ 0.75+0.12b 0.18+0.15¢ 1.31+0.16a

50 0i:3 8.74+1.38b 12.83+4.85ab 18.36+4.79ab 23.18+2.39a
E-3 4.31£1.16b 15.79+5.48ab 11.24+5.34ab 22.61x1.63a
i 197.59+8.79¢ 495.24120.26a 209.19+32.70c 382.99+15.90b
P 52.83+4.30c 75.02+7. 20ab 67.19+3.38bc 97.30+4.08a

RN PR RIZOR R RIS 2 8] Cl05 & & (AR — T80 LB FFE R E M2 5

F4 FELEABEESRERSSBETEREY Cl(g-kg™) #1 Cl0;(mg-kg™) WEE
Table 4 Content of the secondary metabolites Cl-(g-kg™) and C10;(mg-kg™) of perchlorate in rice organs

K5 Ttem j(*ﬁ%%ﬁ ClO; Zb ¥R & Treatment coricentration JKFE A FD Varieties of rice
Organ of rice of perchlorate/mg- L™ AL 998 Rt 998 N WA= v
Cl/g-kg™ i 0 2.55+0.13def 2.54+0.19¢f 2.11+0.20ef 2.09+0.07ef
0.1 4.84+1.05bc 4.39+0.84¢cd 1.70+0.04f 5.03+1.00bc
50 6.39+0.82ab 3.83+0.83cde 4.48+0.34bed 6.97+0.10a
E- 0 2.56+0.34¢ 2.23+0.03¢ 2.21+0.01e 6.93+1.00bc
0.1 2.23+0.12¢ 5.20+0.56d 5.73+0.08cd 11.48+0.46a
50 2.60+0.14e 6.23+0.23bcd 7.38+£0.29b 11.60+0.29a
s 0 5.35+0.62f 7.28+1.23ef 7.84+1.09ef 7.49+1.03ef
0.1 9.19+0.39de 10.77+1.08¢d 12.64+1.90¢ 18.59+0.32a
50 9.19+0.35de 12.88+0.25¢ 15.63+0.47b 16.90+0.27ab
A 0 2.35+0.41e 2.85+0.16e 4.92+0.44bc 4.03£0.47cd
0.1 3.09+0.05de 5.74+0.36b 8.54+0.56a 9.22+0.36a
50 3.24+0.10de 5.18+0.20b 9.59+0.08a 8.93+0.52a
Cl0;/mg-kg™ i 0.1 nd nd nd nd
50 0.24+0.01bc nd 0.42+0.09b 1.26+0.15a
E-3 0.1 0.95+0.10¢ 0.30+£0.04¢ 2.38+0.96b 3.74+0.74a
50 0.32+0.06¢ 0.19+0.04¢ 0.63+0.08¢ 0.41+0.17¢
s 0.1 0.40+0.11 nd nd nd
50 nd nd nd nd
A 0.1 0.17+0.06 nd nd nd
50 nd nd nd nd

R NG PR A RZR KA RO 2 A48 T & B A R E 2 5 s nd FORARMH
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MEATEH, & RHKERAFERBNES FEE
AR, Hrt B d i, 4 F 5.35~18.59 g-kg™ Z [,
AR RIS Rl BEAL BRAE (0 LBk, 455 50
mg- L™ Ah3HZH I 0 2 T R, XA AT RE A
AR TR EZ M SRR T MR E SR
HBORE W A& S RN E B TSR B
Z5, MR CLO; ¥k B AbFHZHREAR 5 1A N GBS Tk
JE EE A S R R, U BH R R AR i A AR (A
WA TS B AN T .

IKFESTRALIT & 1 (| Py E R h & B H R
FEERKH , UL A= SRR A K RS AT
oo iRt
24 BEBRBRERIGEMETIRDHZE

ZREI, VERERTHAEH CIE 2O 42.0 mg-kg,
VSRR R SRR RE A AR ESI TR+
HErhER K H ClOsF0 ClO;, RS HY CIROFETE , Hiss
RN 5, LB ZIR R G H 1 CIO: R Bk FE 1
S [ T B FR AR PR A OB A SO AR
FEfR T, B3R 5 AT, BRI B B ST,
TREERE CrEB AN RS, BEE
FAbFRLE + 3 Y Cl& BB = FI5HERT Y 42.0
mg-kg”, HEZFHEA]REE B TR HRAK P
A CUPEL, 55— R RIS 3 Clo:MFEfE . Rk
W, A58 B B >Rk CI& & 4920 10.0 mg-L7 {H

BTN EFHREEN BRKNERITEEREH
TESRM I TCA TR A SR RITEBR MR
HRHET 33 KIGEY, B 1L, B 0.1 mg-L™ Ab3
ZHALRAN T 3.3 mg C10: (Bf 0.033 166 mmol ), 50 mg-
L AbsZH LA T 1 650 mg ClO; (Bf 16.582 91
mmol ), FiF ClO; .5 &RfFk CL-, L P Ab PR 2 3
w bkl FAME Clo: [R5 2]/ Cl-43 5 40.033 166
mmol , 16.582 91 mmol Bl 1.177 387 mg.,588.693 5 mg,

3 itig
3.1 SRERIBIKBER EEFENZM

MR S EEEUR RN AEMRAE K B R R . KA
HIMR R EEAZ R A SRR B E , HE— SR,
ZIRRM BB KR . HANEF R R ER
FREXKRESEMREAA M RIER, EMSIEH 23T
HH . F4) Ve B — 00 Ok R RS (B 3500 R R, VR P A g
AL FRE AR, I R R AR SC IR 25 SRR, T8
AR ERE R @R 2 5, MK IE AR
HEA BEAFZW ., XIEETTEER — =l
TSR RS, T4 5E R A2
3%, HEHIS YA Skt B — 05 T AT RE R
RAMFE HRIE 3 ClO: R IAR, HEPEE
Ty ok frE TR 1208 e B e 4 T 6 )5 TET ALY 103 R
P REAR A CL, X /KRS8 BB BB FEE A

R 5 RE ClO:REMEHA TS CLIEE(mg-kg™)

Table 5 Content of chloride ions in the soil of different treatment group(mg-kg™)

ClO; AbBEY JEF Treatment o o ) + 39 CIfJE & Content of chloride ions in the soil
concentration of perchlorate/mg-L™ KRR Varieties of rice 2 Upper soil FJ2 Lower soil
0 AFpIEY) 328.11+60.90b 402.14 +48.12ab
T4k 998 277.72+19.55bed 292.42 +61.35abed
Rk 998 269.71 +7.56bcd 311.82+52.31abed
a5 234.58 £26.97bcde 253.26+65.55bcd
e 105.36 +5.47f 135.02 +22.40d
0.1 AFHEY) 313.29 +9.98bc 137.18 +16.04d
AL 998 212.26 +20.98cdef 212.01 £19.02¢d
Rk 998 175.22 +8.83def 363.47 +50.07abe
a5 143.11 £12.45¢f 426.58 £78.98ab
e 105.06 +6.91f 143.91222.26d
50 AFpIEY) 567.73 +38.72a 462.72 +47.86a
AL 998 205.05 +21.54cdef 308.51£69.50abed
Rk 998 251.08 +53.74bcde 286.78+79.43bcd
Rl 2B 158.27 £16.28ef 353.85+67.33abc
R 238.24 +42.52bcde 273.65+60.48bcd

RPN EFREARIRR R AR R 8] I & (AR —F80E L) FEREER .
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Ah, BT ERRRE RS 2 K Rk B
A, AT BEE KR P A AL BE PR B R AN Bl 1 =
FUERER A AL F , IR R R PR I TR A 2 SR
AT A

TEME AR AR AR 0 B B, BA TR
BT FEM IEEAET, MERNEEERN &
FEBRAE FAHXEERRAS A 7E R 5 i 38 T 235 m
RN BRE MR AR o (H A RIS AR A 2
AP R T YR RIERRRE S, MiaglESs
F, FEEEEO TR, HRE HEMES EEH
SOD.POD #1 CAT %[ R G AT AN FR TR 4
SCIGZE R, B0 221 2 SoKAE M A BB A AL R
R ABRER A 7= E AR R A2 4k . Hor SODPOD i H
BERWRERAHEE T BAESE, KIRERZER
AR, XFEHEYESTMNE TR A RN, RH
WHYZ A SEARENEGE, TmESEZREERE,
MUATRZAR = B SRS Mok 4 r sh A CAT Ff e
0.1 mg-L” FX AT B EZS, 7E 50 mg- L7 ¥REFEH
i 2 T F¥ . Shah S5 E/KARETE Cd BHA T CAT &M
BETRE,INH Cd5ER) CAT {EM T A e SEA
R I SR B 3 R EE A 2%, FFH H0,
32 ZFETREMSHI T CAT ByTEM: . ATERIHWSRIBFSE
R KBAEESRE Cd WAET , KRN MDA &
B, ALIEEIREN, 23R B Rl 2 SRk
BEZH 5 Rk B2 MDA & B B & T R, IR BEE
YR BE 3G, MDA & & 5eTHE R, X HETAS PR SE
IR
32 SREREEKB-TEREHNSHE

ARSI, & FKFER A R A SR R SR
BREh, JUHAE 50 mg L7 R ABRERIKEIS I T H R
B, anZERAL 998 o, it i U SRR S 2He
223K %)) 495.237 mg-kg!, A H =y SRR & B 53]
T 75.019 mg kg™, ZFARHE AR &SR
15.789 mg kg™ F1 12.827 mg kg™, X 5H7 A LT HAth
Ty WIS SR R Y B 5 45 RAHAF & o 40 Sanchez
FUR A =R BRE TS Y B KE B A T
R RIRIR A B RS 1835 pg-keg, RELPHA 128
pg-kg! MR ZET BA T NS T 30 pg-kg?, SR HH
0~38 pg-kg™s

TP MBI B A EAR , T HEA —ER
R FEMRRE S, 0 Aken S5V A A HE R4 EhRid
A7, UEBAR AR 2 21 b B SRR AR AT 4538 ik R
C105 .Cl0; il CI-, ASSZIGhUE B K RELH SUR (L REA 3K

W R EREL, W H B A X f A R AR R
51, RS R A B Cl05 , ZEA 5286 Hh R BU K A
FFRALNE B Cl0s & BEAL, EREZM Clo;4
BAkSREfR R I, UhBH Hr A= ) SRR B A K S
HAEXT A 2 B R
33 BEBREAKESMEARHEHRSEHNNESR
ARSI RF Y, B AR TR RN A S
MBHFEE B NZES KR GFARR, X E R
AR, BRI EHRARE  FEARE AR AR
998 MMM &R E PR ERL S RILE S
i 2 SR 998 &, HeEk HA TR Cloi & &
BB m T A 3 AR, UL EER S AR B R
SRR L AL B AR, BAET, B8 KEMRE
B, KRG S FPOR [RIX 1385 42 J8 Cd.Pb.Hg.As.Zn %5
R R FRK, BN FE S T —2xf
HERRIUHE RS, RS, 'SR
FBTEKRER T AR/, HR SRR B
FEIFARBR , BRRBOKRE SRR RE LR
FIFLIRFEAR R —B, HIR I FL i) 22 R A R B
TR . MW F AR R s SRRk, %
FEIAEM R, AR A2 oK FE R B R S ERER 1Y) i b
Z R E R F BT BOE A 2Rk i
M) 2 AR i/ 7K R A v SR Rk 4 () B R E E — 25
HIRARFT

4 ZEig

(DEE4M A 0.1 mg-L™ 5% 50 mg- L™ ¥k
) T SRR ER X 7K A bk e A 43 BERIOIR AR A FI 52

(2) R A BREE X KRB AS [ A= BRAE bR A A [F 9
M :0.1 mg-L™ ¥k B AL 4 i SOD.POD g i 14 5 X
TRAM T B EMEZR, 1 50 mg- L7 ¥ AL HIL )
SOD .POD i PE B 2 5 X B ZH A1 0.1 mg- L7 ¥R
AbFRL ;0.1 mg- L7 I BEALBRLH A9 CAT B IS 1 5 %) IR
AT B EZS, T 50 mg-L7 WREAFEA M
CAT P75 P B B AL T Xt BELH A 0.1 mg- L e BE AL 7
2H ;MDA & 2R 15 Y W Ab 3K B i3 in Je LA
TR, PIFPR A R R R AR AL P AH 5 X BB A EL AR
BENER  BRARIXKEE BEO R BEmE
HAEA,0.1 mg-L™ F1 50 mg- L™ ¥R AL IHL [A] 22 AN
i, BEYIKREN SRS RZNALRE,

KB AHR CIO; S EHE R TR . XM
A, UK R R e AR RN FERE M A
R A5 R AR ER VR B 3 I, IR RS RO A



2144 MRREgE 4 . B AR ER X /K A A Bl A S AR i K EL7E A H R G0 W A A B

20114E 11 B

TRAL A B

(4)7KRBEIRR (25 A2 AR R )R B A DU
A Clo; A= ERET=4) ClOs j97FE7E, (HABEF IR
K ClO:F0 C1O5, UEEAINARY Cl0;: EAR P B AE Y
W B Sl A D i

(5) ARSI H K RE A TR B B EBRER ER AR D5
ZRAGH, U6 TP A= Y R R L e KRG TP AT 2
G BRI

(6)/KFE AR E, U Bm AR W ENBF
25 R 5 PRI B AR R Y &t A
MR,

B30k :

[1] Coates J D, Achenbach L A. Microbial perchlorate reduction:rocket—
fuelled metabolism[J]. Nature Reviews Microbiology, 2004, 2(7):569—
580.

[2] Stokstad E. Perchlorate study suggests lower risk[J]. Science, 2005, 307
(5707):191.

[3] Stokstad E. Debate continues over safety of water spiked with rocket fuel
[J]. Science, 2005, 307(5709):507.

[4] Kirk A B. Environmental perchlorate: Why itmatters. Anal Chim Acta,
2006, 567:4-12.

[5] Stetson S J, Wanty R B, Helsel D R, Kalkhoff S J, Macalady D. Stability
of low levels of perchlorate in drinking water and natural water samples
[J]. Analytica Chimica A cta, 2006, 567(1):108-113.

[6] Liu Y J, Mou S F. Determination of trace level haloacetic acids and per—
chlorate in drinking water by ion chromatography with direct injection
[J]. Journal of Chromatography A, 2003, 997(1-2):225-235.

(71 XU, 225, AR, 45, ALK PREREE . IR 2K
AR T BRIERLE, 2004, 25(2):51-55.

Liu Y J, Mou S F, Lin A W, Cui J H, Du B. Investigation of bromate,
haloacetic acids and perchlorate in Beijing’s drinking water[J]. Envi—
ronmental Science, 2004, 25(2) :51-55.

[8] Shi YL, Zhang P, Wang Y W, Shi J B, Cai Y Q, Mou S F, Jiang G B. Per—
chlorate in sewage sludge, rice, bottled water and milk collected from
different areas in China[J]. Environment International, 2007, 33(7):
955-962.

[9] £24% , Y S04, XM, 45, W R IREL IS Y RIBE B BERI]. £
AR, 2008, 28(11):5592-5600.

Cai X L, Xie Y F, LiuW L, Deng W. An overview of researches on envi—
ronmental contamination by perchlorate and its remediation[]]. Acta E-
cologica Sinica, 2008, 28(11) :5592-5600.

[10] PRAEEZE, T MLk, B HA, 45, W ARRERIRIRAT 5 A S R T3
JEJ]. A3, 2008, 17(6) :2503-2510.

Chen G K, Meng F J, Luo S M, et al. Research advance in environmen—
tal behavior and ecotoxicological effects of perchlorate[]J]. Ecology and
Environment, 2008, 17(6) :2503-2510.

[11] BREERD, EWeid. Y LSRR SM]. )M AR T A%
JitAt, 2006: 68-81.

Chen J X, Wang X F. The experimental guide of plant physiology.
Guangzhou : South China University of Technology Press, 2006 ;68-81.

[12] 26 A = 4. AR A AL SR IR IR ANBE AR M. JU3 S E
JitAt, 2000.

LiH S, Sun Q, Zhao S J, et al. Experimental principle and technology of
plant physiology and biochemistry[M]. Beijing: Higher Education Press,
2000

[13] 7N, BREES%, B, MR SRR A B RIK B ER
BT RV FRIERLSE 244, 2010, 29(2):223-228.

Yang J F, Chen G K, Li H S. Effect of the combined pollution of per—
chlorate and hexavalent chromium on rice seedling growth[J]. Journdl of
A gro—Environment Science, 2010, 29(2) :223-228.

[14] Shah K, Kumar R G, Verma S, et al. 2001. Effects of cadmium on lipid
peroxidation, superoxide anion generation and activities of antioxidant
enzyme inhibition in growing rice seeding[J]. Plant Science, 161:1135-
1535.

[15] FTPCHA. K FEXS 60 RERMBAL A SRR (D). fREAR MR E
H+ie3g, 2006.

KE Qing—ming. The properties of genetic ecology on cadmium accumu—
lation in rice (Oryza sativa L.)[D]. Doctor’s academic dissertation of
Fujian Agriculture and Forestry University, 2006.

[16] Sanchez C A, Krieger R I, Khandaker N R, et al. Accumulation and
perchlorate exposure potential of lettuce produced in the Lower Col -
orado River Region[J]. Journdl of Agricultural and Food Chemistry,
2005, 53:5479-5486.

[17] Aken B V, Schnoor J L. Evidence of perchlorate (Cl0; ) reduction in
plant tissues (Poplar Tree )using radio—labeled 36Cl0;[J]. Environ—
mental Science & Technology, 2002, 36(12) :2783-2788.

(18] XU . K8 Fh R 3T 5 R SRR R o B A 22 57 S HC AL (D).
BN RG2S, 2004,

LIU Jian —guo. Variations among rice cultivars in the uptake and
translocation of cadmium and lead from soil, and the mechanisms[D].
Doctor’s academic dissertation of Yang zhou University, 2004.

[19] 3038, Wthd, Zefalk, 55 AKREARRZE R BT H R TR RR 1 22 5
RYBEIELT]. BV FRIERL 2441, 2008, 27(2):447-451.

Feng W Q, Tu S H, Qin Y S, et al. Uptake capacity of different rice
genotypes for lead and cadmium from soil[J]. Journal of Agro—Environ—
ment Science, 2008, 27(2):447-451.



