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Accumulation of Soil Mercury by Different Indica Rice( Oryza sativa L.) Cultivars

TIAN Tian, CHEN Yan-hui, CHEN Chun-le, XIE Tuan—hui, WANG Guo"

(College of Resource and Environmental Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China )

Abstract : Different plants have showed various abilities to accumulate heavy metals from soils. In this study, 283 rice grain samples of 19
indica rice cultivars (including conventional, two—line hybrid and three-line hybrid indica rices) and 283 corresponding surface soils were
collected from 9 districts of Fujian Province. Mercury( Hg ) concentrations in both rice grains and soils were determined. Total soil Hg con—
centrations varied from 0.02 mg-kg™ to 1.81 mg-kg™, of which 37% samples contained Hg exceeding the secondary level limit of the Na—
tional Soil Environmental Quality. The Hg concentrations in brown rice grains ranged from 0.13 pg-kg™ to 41.78 pg kg™, of which only
3.2% samples contained Hg greater than the limit of the National Standards for Pollutants in Food(GB 2762—2012 ). There was no signifi—
cant correlation between Hg concentrations in brown rice and total or available Hg in soil. No significant difference in Hg concentrations of
brown rice between hybrid and conventional indica rice(P>0.05) was observed. Brown rice Hg content in three—line hybrid indica cultivars
was higher than that in two-line hybrid indica cultivars, but the difference between them was not significant(i.e., P>0.05). Two-line hybrid
indica rice cultivars showed lower Hg accumulating capability than three—line hybrid indica rice did. The present results indicate that two—
line hybrid indica rice is the strain of low Hg accumulation.
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s FM0 15 AEmb N 20065 99815
Riu 28 R 10 5 WL 5814 FEE 009 R
175 RAE 998 WAL 6 5 VEA 2292 EAL 115 F
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AN AR SR TR RN T R
) AR AR R A B 0 KA A
1.2 HFmEERLIE

TEZK AR B, B RAF BT, FERAFE BT N %
IBURTRL SR Tl () Rl 22 i R BB 0.5 kg, [AIET 2
SRAEKREHIIE T (132 13 (0~15 em), HoR 4 283
XIFE D o KRR G AR5 2570 BrloK B T
H 348 20 CIRFEH R, TR RTIHE ) ,
1 2 mm JE g, B Ak S TS i 43T 100
H (<0.149 mm) e Je i , B T H B4 RAFLE T 4538
Rtk
1.3 MEFHi*

IR PR AL R R
B AR R AR M T LR 1, B SOR R A NY/T
1121.10—2006 J7 32005 ™, +5EFE fh B 5 M1 IR
HE R 3 A2 1, FEHE A TSR EY) T GSS-
2[ MR i (0.015+0.002) mg- kg™ LA IF 250 ) vE
PERCATRENE . FRUEY) BT SEIME A (0.016£0.002) mg-
kg™ (n=24), ZbRHEY) 5T A SR BICR A T93%~
110% 2 1], i B R F LA b 5 0 2 9 SR B vl &
A R H 0.03%TGA-1/15 mol - L' Na,HPO, i3
P,

REK R E iR an R . AREBURE K IAAE 1 g 24
CK5H % 0.000 1 g) & T 50 mL =4, A 10 mL
TRATR SR = AR =4:1) , in 55 /N 2%, F
36 AU PN R AR PRI A, A R T R TR PR

B s WL ARG D0, #5508 T 0 T 0 £ AT A T (A 2
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TG0, 175 B sl BT B8 €6, AR IR A i SRR 1) 11 R
YA 1 mL 224 BUT R 3 KR AR T
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3, S A K KR HEY) BT GBW 10044 (GSD-
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PR AE T2 36 00 M Af M B P Sk o b v S5 S 4y
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Table 1 Basic physical and chemical properties of soils in

investigated areas

5iH  pH # ’r)U)ﬁT/ CEC/ m?F:%kl/ <0.002 mm
g kg cmol -kg g kg /%
BoME 417 3.79 1.12 125 0.16
BARME 759 79.96 30.18 54.30 46.39
EEIE 549 28.28 9.96 12.26 17.72
FrifEZE 063 10.65 5.10 6.26 9.09
AL ZR 0.11 0.38 0.51 0.51 0.51

1.4 HiE4bE

56 %8 K F Excel il Sigmaplot 12.0 B {F 3617
SRR, FFRHT SPSS19.0 Hi i Turkey 22 HOA: o1y
/KR A RE AR R B i 0 22 S LA R PR R A S AA
SRARSCHIR RIS A R IRl 22 e

2 HR5iTie

21 TEREEREFMAZ
2.1.1 HHEROR G

FH [A] R A 1 - AE EOR & 23 Fk 0.02~1.81 mg-
kg™, I 0.34 mg-kg™, ZIE LR FE
(0.04 mg-kg™ )1y 8.55 £, i 44 +- 1K 15 51K (0.081
mg kg™ ) 4.22 £, 775 5 F VUK (0.026 mg-kg™) (IR
(0.07 mg-keg™ ) MK T (0.614 mg-keg™ )45 - HErh
TR, 3R R R o Ao ) A g
R—ARUES 0.15 mg-kg™, 7 pH<6.5 PIRRYE 1
TRFRUER 0.3 mg-ke o FIERESL BRI SR
HERT 5 37% , 83— AR 5 T7% , 6B ER 7 b X
IKFE Ol 7 T — e R RS e o RAEAR R [l
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Figure 1 Correlation between total soil mercury and soil CEC
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TR 58 R A B o A A ROR I &
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BORA WS A ROR S BRI E 4 L, ik
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Figure 2 Correlation between total soil mercury and soil clay

(<0.002 mm) content
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Table 2 Correlation of soil available mercury and mercury
availability factor with soil total mercury, soil physical and

chemical properties

i H HROR HRE
43R /mg kg 0183 -0.558%
pH 0.001 -0.081
HHLi/g kg -0.032 —0.170%
CEC/cmol -kg™! 0.082 -0.190%*
Kk <0.002mm 55 /% 0.125% —0.247%x
i ek/g kg 0.054 -0.110

22 AEmMEKREEREZMEER
22.1 AR A BRI

Hi 2% 3 Al KR & BEYE L 0.13~41.78 pg-
ke, SIS EON 7.85 weeke, | FYLPE(3.70 weg-ke™) |
IR (2.10 pg-kg™) )" AR (2.40 pg-kg™)  PUJI[ (3.10
g kg™ ) HURE K P25 & i, AR T A6 (12.30 g
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kg )FITPE(11.30 pg- kg VBRI 7P, 45
TR K TP 34 B AR U R e 28 F <RI 5814< I
T 9113<fH47 5 < AL 673< BT 2292<4 Wil 6 5<
KBRS S<HAL 115<EAL 99<N 2 1 6 S<H ik 673<
I 3301<F AL 1 S <l 627< KAl 998< £ 10
S<ER 1 5<HEL 009, KKK 2 2 fw m AR 009
FooR B IR R 24 28 21 5.5 5. FREIR SIS
B 15 s 7 HoRE K R (1 PR 1 FR 14 0.02 mg -kg ™ (GB
2762—2012) , R K FE A AR AL 3.2% , 150 B R FE X
REK R 2 B BV 224 o RS AR R Ak £
R PR GRAT —9bnifE ) 2y 1710, Ui B 385K 1)
KAVEERL LI IRIME . AR S PITEF 9T L & B, 7K
HRXF R ELA W 5 ) AR 8 T RN 22 7 AR AR R 1
KA HA WD ER iz i ) e E

Fb A5 2 S MR i RIURIRES =2 R A K TS 2 B o
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= R 2SR R S IR, SR — R 445l
FEAR 1 (8.60 pg ke ) = T I R A3 HIFE (5.63 pg-
kg™)  (HARFRI B 22 5 (P>0.05) . HoH R 009
BESTHWL 6 5 IR 5814 542+ HiL
9113, 4 673 E A 2292 A4 5 (P<0.05) . A5
PR ORTR) SRR R R R T 4 B AN 25 S 1 S R

H R KRSt B RO A 257, U ESR
TEREP) AN o) b 35 78 FRIC A7 45 F L S B AN
e 17 3 B ER)R1 3 m] BE S AN R AR i R A ok 5
HBEZE SN
2.2.2 BEKGREG S HHEOR S EZ AR

GEtai RN, AR 15 R 1S AR
RERIR i 5 R EOR Z A 35 ISR G R (3R
4) o RIBIPREARNE b ok 5 R R 398 OR339 T i
Thim ABAHSCIEAR R . R REARRE R & i
A ROR G R Z AR REMRE, HARHL 009,
KRB S 5 5 IEARORE BEEAHK (R 4), Halhg
JEH s — 2R REAE AR AR X, PR 450 A
PR LA R A SR S 5 T AP AE 22 5 s — )
JKCRE it ol AR A i 2 5 == 2 o AR 3R [ K F AL B9 e 7%
REPEE AR o 3[R R M T RESZ I — 3 O RH DG o R
SEPHHA R 7 6 48 K BRI Ak IR OK R
RAAEHLIX A 2E 5 . WA B R B, KRS PR 75 i
5 B RORE R Z MO E AR, KA R 2
T PRI A 1R 2 i - 3 b ok ) AR 1A S A )
XF R LT
2.3 FEFKTERERI LRI EERES
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Table 3 Average content of mercury in brown rice of different indica rice varieties

Al KA FEEL foME/wg kg ERfE/wg kg FIME/wg ke AR 2 ng kgt AR REL
(eSSl ML 6 5 15 3.45 10.43 5.99ab 2.0 0.33
F 15 11 1.95 18.28 9.72abc 5.7 0.59
WL 5814 7 0.80 9.40 4.14ab 2.7 0.66
Rzt 6 0.2 3.98 2.65a 1.5 0.56
= RIS GhE 1= 0.43 40.00 12.26hc 14.0 1.14
L 627 11 1.93 41.78 10.97he 11.0 1.00
111k 3301 21 1.68 22.03 8.59abc 4.6 0.53
N2k 65 5 3.13 11.30 7.51abc 32 0.43
Ak 9113 19 1.10 10.48 4.95ab 2.8 0.56
ik 673 27 0.85 21.83 7.73abc 4.7 0.61
1k 673 8 0.28 20.13 5.46ab 6.3 1.15
KAl 998 12 3.23 27.48 11.15be 6.5 0.59
ik 115 8 1.45 16.55 6.91abc 49 0.71
B 99 18 1.80 19.50 7.15abc 4.5 0.63
A 2292 16 2.20 16.20 5.97ab 4.0 0.67
L 009 10 11.38 24.30 14.53¢ 3.8 0.26
RIS WB 105 8 5.73 21.08 11.99hc 5.8 0.48
KBS 5 15 1.65 12.68 6.54abc 3.6 0.55
S 37 0.15 18.28 5.00ab 4.7 0.94
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Table 4 Correlation between brown rice mercury content and soil

total and available mercury

sl RIR HROR
B 6 5 -0.097 0.273
Tl 15 0.186 0.002
TR 5814 0.473 0.318
Wiezsf 0.719 -0.338
giFH 15 0.987 -0.316
FRL 627 0.170 0.055
I f)i; 3301 -0.249 -0.148
265 -0.068 0.194
E4k 9113 0.188 -0.321
AL 673 0.138 0.071
1k 673 0.149 -0.179
FAl 998 0.345 -0.149
AL 115 0.766%* 0.155
HIE 99 -0.010 0.030
TR 2292 0.477 -0.152
Ak 009 0.190 0.776%*
SR8 105 0.026 0.062
KBS 5 0.392 0.935%
R 0.596%+ 0.302

EETIERERSIRNEE T FIL, v DU R E-REROR I
W B RN [R] i PR RS & SR B I i 25 57«
BEREE U E SR SR B, XA
FEM IR B R R 22 RAE S THY A Z
[ E LRI S, LS T EE R A s
225 o Ry T B G-t S ROAS [R) it Foos 4980k = 4R fig

1285 A SCRZO i, e DA B U R A A
B4 A SR TS (3R 5P Gt 45 R BCF( 4
L) 5B RORE B R AU A OE O R, r=0.520
(P<0.01),BCF(A AR HE) 5 1 A ROK 22 8 3 X 4K
T KR, r=0.641(P<0.01), T BCF 44 5L % 4554
S R B C T B ARG R . Wang 552
ST R, ANSRRAR (R b T XTIy (1) - 458 o 4 Wk
TEEEA PRI, & 5 R B AE A 135 4 JR Wk
(AR AR AR Ak , PRI R R T A R A AR sk
PEAERFI KR P AR SE R T2 N B, I
FIFH & B2 R 5005 %60 7 4 398 7 4 vk B ST [l T AR
AT IR AR B 2 R A S H IR EOR B i
9 0.2 mg-kg™ FHIEAHORE R 0.015 mg-kg™ 1)
FOES R T AR E AR R E(BCFO.2) A it
FLE LR E(BCF0.015) , FH T HUAAN ] S AR K 1)

FERE T o B /K AERE KA, S X 3R 1 & 4 R BT
g w1l

W B R B (BCF )=htoK oK 5 1/ R R &

%5 Gt AR R B KRR AR S0 4 R0K
1w RO 22 5 Ju BITE 0.001~0.557 Z [i].,
LA BCF(0.2) LA LUK TR oK & L R (2| 5L)
KAMRIR AR 1 5> 582 10 S>H80 627>7F T
1 5>H 248 6 5> 673> 4L 3301>K A4 998>
99> 48k 5 B> AL 6 S>H A 2292> 1) 673>
AL OLI3>IR AL 5814 > FE 4R i >F: L 009> B A
115> 854428 3= R [R] SRR R 6 48 4R 1 & 4R R B
ZRW i, iR 1 S EERBEK, BEER
TN B EIN 22 52 220 B4R F AT R
FeAS R A R B MR R K ARG b A, ECORG 99 Al
009 J& = ZR 225 M Hh 5 5 R BORXH AR S ol
FERR RS e A R BRI i, A4
B PRSI E I ROR I R =R
Ze ARG AR A B E 5 (P>0.05) . A 2k &
PR, Z A R AE AR A I e 4R R ORI BRI T E
RS, AT & BRI 1 & 4 2R BT A L 243l
I, Wi Z AR RIS B 25 57 (P>0.05)

45T 4 R AR A R B LS R B T
SOASIE, R L A 4 B A R RS R 50Kk
PRI s A R BCELAT E S K R R R £ 3
HRGRIE %R EGEREIN T 0.01~8.44 Z A (£ 5),
WIS T aEEnEERE. UL BCF0.015) B4
HERKRERE K & 4 R B ARG I KAMKIUCN - 94 R}
1 5> 10 S>50 009> K A% 998> F {1 99> F Ak
673> 246 S>F UL 1 S>EAL 115> 14 3301>
HA 22925 R 1K 5 5> 6 “T>H 0 9113>F:
627> L4 673>1E47 i >TRIIIL 58145k 2424834 4521
T, MR I E LSRR R A R
R SRR DA R w R R B IR B R B
Fo FIIME , R ZSCHIFD A BORN EE R
LT = RS hfg  (HR LB B %25 (P>
0.05). %4k |, Joif BCF J2& 0.2 it /2 0.015, B & 2448
RIS WAL 4 R BRI/ INT , BRI 2R 2 S Rl o)
ORI E R T1855 , o iR A A F I e kIR
it HOGS SR ' AR R T B (IR SR AR 1S X R T AR
J1i%

ZEA DL AT W R ARG i s A 2
SRR OR SR AR BCF LUK SR KL BCF
BIBAR, J& TR A B K A
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Figure 5 Statistical results of bioconcentration factor(BCF ) of mercury in brown rice
xom KA P BORCEA) BCFUARGE)
JuR BCF(0.2) S BCF(0.015)
R 2R HIA it 6 = 15 0.011~0.066 0.028 0.234~0.846 0.378
F01 5 11 0.003~0.058 0.042 0.101~1.27 0.497
W 5814 7 0.003~0.032 0.020 0.064~0.608 0.216
Rz 0.001~0.012 0.009 0.013~0.326 0.011
RIS g1 5 6 0.007~0.208 0.188 0.043~4.62 0.988
el 627 11 0.013~0.209 0.043 0.311~4.44 0.353
14k 3301 21 0.006~0.557 0.036 0.105~8.44 0.470
24 6 5 0.008~0.045 0.038 0.184~0.867 0.515
Ak 9113 19 0.005~0.065 0.022 0.063~0.709 0.358
T 673 27 0.004~0.111 0.037 0.050~1.33 0.552
1 1 673 8 0.002~0.122 0.022 0.036~3.40 0.343
Fth 998 12 0.007~0.053 0.034 0.165~1.38 0.823
Ak 115 8 0.007~0.050 0.016 0.127~1.66 0.484
AL 99 18 0.003~0.125 0.031 0.108~2.85 0.579
A 2292 16 0.007~0.071 0.026 0.100~1.18 0.439
Ak 009 10 0.011~0.023 0.017 0.594~1.08 0.847
B LR RE 105 8 0.036~0.144 0.062 0.212~1.94 0.940
HKEES5 5 15 0.001~0.060 0.030 0.204~6.78 0.417
fEfR S 37 0.001~0.057 0.019 0.010~1.54 0.274
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