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Accumulation characteristics of soil antimony (Sb) by different
Indica rice varieties and its health risk assessment
in the southern areas of China

ZHANG Weili JAMES Blessing CHEN Yanhui XIE Tuanhui WANG Guo™

(College of Resources and Environment, Fujian-Agriculture and Forestry University, Fuzhou, 350001, China)

Abstract; In order to study the accumulation ability of soil Sb by different indica rice varieties, a
total of 138rice grain samplés-of 13 indica rice varieties and the corresponding surface soil samples
were collected from areasiin Fujian Province. The accumulation factors and the potential risks of Sb
in brown rice were assessed. The results showed that the total amount of Sb in soils ranged from
0.12—1.02 mg-kg™"; of which 39.5% was higher than the background value of Sb in Fujian soils.
The Sb contents in different parts of rice decreased in the order of root>>leaf>stem>grain. The Sb
concentration in.brownice varied between 2.2 pg-kg ' ( Yi-you 673) and 14.6 pg-kg ' ( II-You
673). The bioaccumulation factors ( BAF) of brown rice based on the available soil Sb differed with
rice varieties, of which the BAF of the conventional rice ( Dong-lian 5) and the two-line hybrid rice
(Pei-za-tai-feng and Yang-liang-you 6) were at the low and middle level. The risk assessment
showed that the rice produced from the selected areas may not possess health risks to residents.
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1y Sb, Hor 92.99% 3k At FE 5 Sh fif i fm I E R K IF RASGREHFE Sh BER , ]
At Xt = A T AT e R B LU JE R R R Sh R ik 100.6—5045 mg-kg TP
FYBRE AR X L Sh A LA 1553043 mg-kg ' BARIRIE TR Bl b Sh S A T5.60—
21.93 mg-kg™", B T2 g ey SHE Y

Sh ZE—FA LR, Nid IR A S S8 — RINMEEN , AEAE O L5590 | 908 LA BT I R 4
PR AR S £ o I TR R R PR o A i AR AR T A B S V5 Y B A A Sh
M E LR A+ T Sh, EAN R R Sh kR 22 S Bk A RIE R A A Sh Y vk
FE R 4029 mg-kg™' M MEYI AT FIES Sh AT 0.004 (4515 ) —1400( 485 ) mg - kg ™' AETFRE
5 S W IX R, B3 v Sh Mk BE AT 3k 2.05 mg - kg ' S NSRS Sh BTIX 48 | EOK Sh &l
0.46 mg-kg™', A5 Sb & A 0.78 mg-kg™ ' AR A L IHFE R R KA E 2 — Ak Sh A R
SN N M B s BB, 4 B AE B FA ARG K e 2 O W9 [ 52, RS K v B Sb Y5 e g 5 | S S AR AT R 5T &
BLAE K R Sh W E R B GA 5079 mg - kg 1 R B 0 L BFF AT ARG A K HhoSh G Mk 2R
0.47 mg-kg """ FREE Sh A X BT ARG Sb S E AT 0.16 mg-kg ™' F1] 0.48 mg-kg ' Z [A]F*

JKFEXT Sh ) BRLE KRG A AN S RS KRS S A Sh i RN 22 ok IR IAE K b Sh i
FUR Sb {59+ 1 [ S FpRUKRE Y 2R 18 2 — (HJE H AT 5 T 1) BF 53208 AN A o 8 P9 A1t 1= 48 Sb 119
MR L RETH X LI, X T—A 1 (RURRF X G % 52 ShA5 YL IR BT A9 A4 ) 435 Sb 1)
WFgE LD, B+ HEA L Sh RREY) Sh 2 8] i 56 & B o8 AR Bl = — A IR Ry EZ AR 7= X, 1
TG YRI5 NS S B AR OE AR U R GE HLATF 58 1 Sh 7 — A B 38 - /KR =2 18] 0 6 B A SR R,
DI Sh i5 G+ 518 52 R 4R FH 25 H A

1 #5771 ( Materials and methods)

1.1 FEACRAE

SRR ARG T R T i Jee i B AR 5 AN B AR RN X, R AE T 13 AR
FhIETT 138 ANFEAS AN DL (4 2 2 - S RE Bl 13 IR 5 R A0 25 o B R 2 22 A, P AR 5 5 o R
i 52 I 6 5 N R 4450 HE , BRI 38h = R4S SRR AT, S B R AR /N X FE /N IX PR
8 3—5 PRAERE, 0 R K REHR 25 M — R AR FE R AR T oREEHEZE L HERE S B BUR & L RE KRR 2
] S5 AR ZEFNAE S VR IR IR e SRR T K 43, ] 70 COHEAR AL T 2 fH d AR T T AR 7, 7840 K
TR ZE M RRERAE SV ES 3 0.5 mm J@ IR S R AE AR A B AR R A L S A AT S IR B
T A e i 2 mm TREBUNESr <2 mm AR IS BRI 1T 0.149 mm G, AL A B4 0F &
1.2 ik

+-34> Sh & R HCI-HNO,-HC10,-HF Jif# . ICP -MS(PE, NexION 300) 5 20 5 jof 2 i
A SERRAERES (GSB11) JEAT B R, MR N 91%—111%. XA %L Sh &2 %74 S R BUy
W, R R SRR R IR S VA TRIR 32 ICP-MS 52 Y KRR 25 i AR K AR B b Sb A i B0 5 SR
HNO,-H, 0,3 f# . ICP-MS & AHRE S i B T B R A KAREE (GBW 10044 ) 7547 i H s il
[BIR A 95%—130% . - 3EHULE I A DL & & BHES 7304t LA K pH (B 55 % FH & M kil g > i
FH ICP-MS 9% H FR>0.0013 mg-kg ™.

ANSCHH A 0% e i 38 Sh AR Ha B R (A1) .

4 Sh ARUE (%)= HELSh & (mg-kg™' ) /4 Sh F i (mg kg™ ) x100% (1)

RS RBU(TF) AT LA B Sh 75 - AR R (R RS A% L, Sb B — AN 1] 55 — A0 07 1 5 7%

FH(TF) % FJ5# Sh W& ESHIE Sh S M LE (AR (2)) .

TRy =211 Sh 3 8 (mg-ke ) /AR Sb A (ke ) (2)
AR RIS S R AL BAF, ) AR Sb (YR ARE S, HHATINF (A58(3))
BAF, . =HKEKH S & (g kg™ ) /IS Sh Fi (pg-ke™) (3)

Hd ] SPSS 22.0 SE k4 Sigmaplot 12.5 #EA7 /34 AL B
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2 5 59718 (Results and discussion)

2.1 Hb A sh & i

SERHE Sh AT E AN 1 mg-kg™ Y P E L3 Sh AEE S RN 1.06 mg-keg ™ ¥R TAEE L
e Sh BT 5 (0.55 mg- kg™ ) L AE S BA XM I S0A ) R LA LT, SRy IR EE AT A
BT mg-kg™' 70 AEEE LAY Sh F AL T AR, AT 0.50—1.50 mg- kg™ 3R 1 K Y
Sh & i R SEAR AL R . & 1 aT A, i R4 Sh 2 A F 0.12—1.02 mg - kg™, KB K
0.47 mg-kg ' MR+ Sh R T R BN 38.30% , JB T HH4A8 5 FIARF5E X Ik 145 b Sb & Ess
] 504 LRI 5) Al R R B A7 AE s TS Y s R fh 2 15 50 55 X ISR X Sk 4= 48 Sb & @i T4, &
P A4 Sh -l AR a4 Sh T FHE M 39.5% , F B A e R T AN HET.Sh 4 B KT (R
T IEIREE BT iR (S ORAESR B DR ) ) TR (R4 P b+ 59835 Je b S8 ) & B BRAE (B.00mg - kg ™' ).

®1 LI Sh E R LA

Table 1 The Sb content and physio-chemical properties of the soils

- o REEE AR RE
S5 N Skl T i i
R . . Standard Coefficient of
project Minimum Maximum Mean L. L
deviation variation
4%t Sh/(mg-kg™") 0.12 1.02 0.47 0.18 38.30 %
£ Sb/(mg-kg™") 0.02 0.27 0.12 0.06 50.00 %
pH 4.48 7.59 5.49 0.59 10.75%
HHL/ (g-kg™) 7.81 68.76 28:47 8.49 29.82 %
CEC/(emol -kg™") 1.47 52.00 12.61 7.36 58.37%
Hihi<0.002mm/ % 1.88 55.81 20.79 12.34 59.36%
B AR/ (g-kg™) 1.82 31.82 12.92 4.37 33.82 %
L3 Sb IARE % 9.77 52.79 25.54 7.94 31.09%

it — T R O 38 Sh SRR, 43 XU R A R AT e T S 1 Sb = AR R Y
IYHT, KA T EL 24 A IR A B HEME TS 1 Sh B AR RE ) 2 B WA A e A 5 ST IX I
1 T HERREE R, 287 B T pH M (4.96+0.22) /N TARIE 17 (6.15+0.67) 8§11 (5.63+0.52) JE
111 (5.82£0.52) R T (5.38+0.24 ) , H IGAHEN , 7R s fR Pk I REE T | - S8V oo 1438 Sb 4R g
BRI R B Oy S, a3 m] R FH T 24 pH T i, 358 (0 38 SR B Sb BRI SE A, R T 388 i 1 Sb 78
IR E ARk

T E MRS L Sh A MERIHT A R0 1a Ui, HIE 1a WA, 2384 Sh &5 pH
AR R, BIEAR A 4% pH AT 3 Sh i BB, X 51K pH (40 T 1 46xF Sh AWk 458
X AWIEEM, 2 pH>6 B, Fe Al Mn ZEEALYIXT =4 Sb W Bk Bt pH A T 20 i FAAIR 2 i
Xt FAfY S A BRI RS pH 9T 1 R A A pH A5 R T - 38X Sh W B, A i 38 Jin 358 Sb
1 2L A Sh 5 CEC Z M5 3 IEAHOC (& 1b) , Bl -4 CEC M4 & A A T+ sb s 4, X
JEH T Sh IEHUE A EE B TR H I CEC 589 34 Sh W ffH 3458 4 AT Sb 78
ey R A Sh S AL A 2 ] 2 B EIEADE (] 1e) , mTREH TR P IEER A S 5
Sh 254 NI 4R = T - HEr Y Sh fr Y A RSE R0, A P - AR 75 SR R X =4 Sb (R B HE
Bk %04 Sh 1Y 34% % X TLH Sh AR B ELBIA B AT A Sh S A 56% Y .t 44 i Sh 5 e
i B SR 22 ) G o A O

SV BN i 5 Sh B S, R 5 35 Sh By RhE Y A AL Sh 5 3 4 Sb Z [alfEAE
W BERIEMK(r=0.774"" ,n=138) ARl Bm 1K Sh & fEBE 13 pH B TF s Fh s
38 pH 25200 S 1 3 AT A RN AR L, A HUT & 2R I Sh AT B, A5 Sh 7E £ 35
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A R R 1 AT R R P A R Sh B 2R S N 2 T L 24 AN MR L op M
51 Sh WA RBUE HEATRAE A0, 45 R R W] 145 Sb A RUE S pH (HE BE A (K 2a) , 5
CEC BB FIEAMRK(K 2b) X5 134 Sh Fifi L5tk By 2 (e F 2 Wi 19, L4 Sh & 8, A%
Sh & B AT R A B Sb B RUE 5 ST 3 R AR A BRI LS R A O

Availability fractions of soil/%

Total soil Sb/(mg-kg™")

0.60 - a — b
. y=-0.33x+1.8460, r=0.7721"* =0.3337x+0.0698, r=0.7943""
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Fig.1 .Relationship between total soil Sbh and the main soil properties
* * Indicate significant correlation( P<0.01)
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Fig.2 Relationship between the Sb availability and the main soils properties



548 7

i

1k 37 %

pS

2.2 A[EEFPKFTH Sh &

T80 T HEEL 13 AN AR S APRE KR Sh B LR 2 UL REK R Sh SR AT 2.2—
14.6 pg kg™ s ARIKAE a AR o Sh 3 i 22 S AR K, Fe i 1902 LAR 673,38 14.6 pg-kg™' , ARMEE
673,400 2.2 pg kg™ HFFTEFRI, Sh FEAKRE AT S 4 1 SRS KRR SR VIAR S KRR AP 1

Sh & T3k 5.79 mg-kg ' IE it B T A ST K RERE K ) Sh

R 2 AFEHhAHFPEEEAK Sh 7 i

Table 2 The Sb content in the brown rice grainsfor each rice variety

. i - ik Sh &
rice/ (pg-kg™ ) rice/ (g kg™ )
HE9113(n=7) 10.0+0.8b RiZZ& 4 (n=6) 13.0+2.1¢
FiL 9(n=10) 10.3+1.2b FEfl 627(n=6) 10.0+1.5h
YWt 6 5 (n=15) 9.9+0.8b AL 673(n=8) 2.2+1.2a
i 673(n=5) 14.6+6.3¢ F#E 009 (n=19) 8.9+6.7b
HA 2292(n=13) 9.8+0.6b AL 115(n=5) 10.4+1.7b
48 3301 (n=11) 9.1x1.4b FAt 998(n=12) 9.620.8b
RS F(n=21) 7.7+5.6b

T B0 LIS B AR O 22 7 5 AR [RlNG T RER IR 22 5k 35 5 n FORBE R EEE.

Note ; Values are given as mean+SD; Lowercase and capital lettersindicate significant differences( P<0.05) ;n indicates sample quantities.

H T Y Sh KRR FIH R 604 A B, VEIRET O 673 ARIBE 5 5 AIEROE 009 Fyk 28 IR
BEGHERT T HE— 50T, 16 3 0% TR KRS G R 25 i ORiR o Sb 4 BEO 4 11 3 77,3 4
KRR I Sb A7 2 BUITHL>> 1 > 28> KK, S0 BRI TP AT 5 0 7 4 5 0
Sh KRBT AT IR > 25 15> 73 5% SHK W Ren Z5HF 50 % 3 K RARBIAG Sh e L E K
T2 7 RO KRR R Sb 00 EARE Sk TR 3 A K R Bl 2 R B0
(LA Sh WREE AR 5 5 CHEAAR) > L0673 (4258 R) >HEE 000 (Z858H) 5 (2) 250f Sb W4 3 4~
ARG .22 55 (3) W o Sb e« B 673 O 000 (250 ) > AR 5 B (RHLAR) ; (4) Bk b Sh
VR LRI S 5 CHLR) > TLAR 673 FEfE 009 25 3F8)

051

. fiRoot
ZStem
m-Leaf

‘§ _04r B fii K Brown rice a

27,

£ <
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w g
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EE

o g
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=5

532

o <

v

HAE6T3 FFE009 RERSS

Indica ricevarieties
B3 ARDKFESFHR S i RER Sh & B
AR NG FREFR IR AN RIS R AR TR AB A28 & i 2 Al 3522 5 (P<0.05)
Fig.3 The content of Sb in different parts of rice

Lowercase letters indicate significant differences( P<0.05) between Sb in one part of different rice varieties

2.3 Sh 7EKFEAN BTSSR

3G T Sh FEEAR 673 AREK 5 SRR 009 55 3 FlKAG 5L R A RS R 8L B2k 3 W, BAR
673 HFIL 009 ZREE 5 546 3 FlOK RS S Fl b Sh FE RS R BRI M R B R AE: TR KT TRy
TF o TF g NTF e FER B 25 25 59k py bl 00, X6 3 FoKRE S Fhmi 5, R4 % Sb 35948 5
HR R WM, T AN Sy FEAR 25 I Bk oK e 75
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H AT, X TAE KR dh A b Sh Bl iz AT 5 870, Cai SF0F9T I, Sb TEREAE Hh AR 21 251
RS BE ST HUAEARR o 0T N 3 T AR Y W ARG 5 2 S A T AR R B K =2 i) A 7 A i 1
ANIFLL ZRIK 5 51 TF |y TF ey i TEAL 673 FUREIL 009. 1 AT I, 5 RAE XS + 38 Sh i ik fig J15 T
FeACRE AR TR Y Sh B8 iE A B I R Y Sb G AREK.

R3 SbE LIRS PR R R

Table 3 Transfer factors of Sb in the soil-rice system

ﬁjlliﬁjl rfe varieties e TFi Tt TFas g TF e

HIE 673(n=8) 0.966+0.388Aa 0.210+0.172Ab 0.277+0.125Ab 0.109+0.052Ab 0.070+0.045Ab
R 009(n=9) 0.926+0.324Aa 0.211+0.102Abc 0.375+0.200Ab 0.130+0.056Abc 0.073+0.037Ac
KE 55 (n=13) 1.714+0.809Ba 0.144+0.077Ab 0.114+0. 073Bb 0.200+0.103Ab 0.175+0.065Bb

T B8 AP B b i 22 7R 5 AN ) R - REFR R AN IR] i AP ) — TF 2 ) 22 531 13 (P<0.05) , AR/ ING G RER 7R [A]— it Al AN 6]
TF Z [A] 2251k 2.3 (P<0.05).
Note : Values are given as mean+SD ;capital letters indicate significant differences( P<0.05) between TF in one.part of different rice varieties,

and Lowercase letters indicate significant differences( P<0.05) between TF in different parts of one rice variety.

4 R T 13 KRG & AP o6 1558 Sh (X s Lor
ERBCNE 4 AT UL KGNS 43 Sh i34 A R
FEIL A 00 AR 25 5 o AR 673 P AR R
B (0.45+0.28) , 4k 3301 A 9 AR 627 1Y
T EERBRZ (43518 0.30£0.17,0.29+0. 11,
0.29+0.16) , H A3 /K AF 5 B 1 350 ' 4 R BUAE (/1
F0.09) . &l 4 AT, HRURE (ZRER S ) R R 4428

FACHR T APIE 6 5) %t Sb SR/ 940 T A L
AR T = 2R A SR S R4 A ) A S SR TR IOR
N _ e . | Indica rice varieties
TR R R 2R 22 28 A, /NI 401K T ARG AN A &R
e e, B 4 KFEREKXT 3 Sh B8 R AL

2.4 % 7KEP Sh [ fa )% JXU@ Fig.4 Thebioaccumulation factors based on

HESL LA 20280 (WHO ) Bl e o TR 2 ) 2 o available soil Sb for each rice variety
Sh ¢ A 36 mg-kg ™" ) Tl (A% FH Hh A+ S PR T T B
FRUEY (55 =R AER T LA ) oA A FH 4398 Sb AR 54 3.0 mg-ke ™' SR E MR IR (USEPA ) #LE
TAMXT Sh YR EE S HFHIEH 0.4 pg-kg™' ™ WHO HLE A Sb B H B KBEA R H 360 pg-d 147,
Wu S5 76 X T Rl KB BE 0 X E 47 8 A8 F0 Sh KUK BEAG (14 3L Atk 1, 45 8 KoK o Sb ik B2 AS B 3k
305 pg kg™ V8 4 Had it KOk Sh R A R AR IR AR (4)

Sh HHEATE (pg-d™") = K&K Sb & it (pg-kg ™) x AIBIFKEE AL (g-d ™) /1000 (4)

K, AR RN 390 g-d 7'

F AN T A H KK Sh AR 3 4 1A BN AR H RS TR K R i R R K B AR
Shb FEAF 0.9—5.7 pg, EIE KT Sb ) H R ALVFHR A (360 pg-d™") ARBFFEHRTK Sh 1 s % i
S 14.6 pg-ke (L 673) , BRI T Wu F82H BIRTK T Sb VPR 305 pe-ke™' HILE K, fEA
X3 — A H (BRSE BT X vk SE E L Sh IG5 Y IR HHE AR B b RIS RS K h RBUR Sb AR & F X
A R A B S 3

3 %518 ( Conclusion)

(1) WA X 3 Sh A F 0.12—1.02 mg-kg ™", FYI R 0.47 mg-ke ™", Horbol o 4 4 4% Sb
B AE M 5 R 180 39.5% , E B AR 7E RS LT AR T . 4 Sh 4 8 YK T4 st 35835 Y
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SRR ERRIE (3.0 mg-kg ™) . 3 Sh 5 pH (HE B E G, 5 CEC A MRS B IEAC.
+3% Sh AMES pH HE B E MK, 5 CEC 2B F K.

R4 AFKAEEF Sh BOFEEA R

Table 4 Estimated Daily intake of Sb from brown rice consumption

= Sh HYHEA B = Sh A
HifAR Daily ir?tfke of Sh/ Hif g Daily ir?tjke of Sh/
Indica rice varieties 1 Indica rice varieties 1

(pg-d™) (pg-d™)
EA113(n=7) 3.9+0.3¢ BB F(n=6) 5.1+0.8d
Hifk 9(n=10) 4.0+0.5¢ FEE 627(n=6) 3.9+0.6¢
Wit 6 5 (n=15) 3.9+0.3¢ BAL 673(n=8) 0.9+0.5a
Ik 673(n=5) 5.7+2.5d 4 009 (n=19) 3.5+2.6¢
HA 2292(n=13) 3.8+0.2¢ BAL 115(n=5) 4.120.7¢
4 3301(n=11) 3.9+0.6¢ KA 998 (n=12) 3.7+0.36¢
KK 5 5 (n=21) 3.0£2.2b — —

(2) KRG A [l &6 A7 Sh 7% fE 3R I H AR > > I > 25 > B OK (9 FLAE, B K TS 19 &4 v T 2.2—
14.6 pg-kg™' R E AR TR 673(14.6 pg-kg™) , FARAIEEAIR 673(2.2 pg-kg ™). A ACHE St Fi A9 B K
X 34 Sh 0 E 4 R B SR TG 673(0.45+0.28) , e i 2 K998 (0.05+0.01) , K 2% 9 13 %
KRS (FRIK 5 %) R R 43S R (BR 24 48 F WA 6 5 ) X Sb 1 & 4R g ¥k T rh IRk .

(3)AH5 BB H G B F A b AP R K T AR S AT 0.9—5.7 g Z (8], Il T A4 Sh 5 H
KB, PR AE— AR B A 7= R RER TP R Sh AN 23 X6F A A f BRedd Al e 35
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