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ERAL = A N T 1t DXOR R T 13 - L &R g b o 25 40 Al
T AIE B SEAS RLAHENE 5

A, BaEX, FRR, hKkA, &, g, 2hE
(1. A [ b o R 2 R s T R A rpoes , 1L 2RI 430205
2. v M R () A W i o S ER S b T SR G 2, AL 5t 430074)

HE: MEARRRETHSAAESME—ARFRME, 5 AFRRILRAFLAEREEAN, K= A1
RAIEHEASFTRAEE ETTHFCRT A AL LI - WY ARG PG TSI RFE ., AL
AR GHR—L 1T EITHAB, R RET 6 KL AE L R BT R BRI AKGES, &
A RF R AHEF AT FTMN R, KT LE - RRPELE S FFAER LA, EREW . ETH
B LR ERAE B i ELIE 3 EEIE R ER TR OERK KKEEZ-TF 415 7 #40.0208
mg/kg.0.2325mg/kg 0. 5060mg/ ke 0. 83mg/kg 0. 0003mg/L.0. 0004mg/L.0. 058 mg/ke, & B L 3E B4 & 5
HRITZ AN RIEIHRAFE H FAL(0.51mg/kg) 48 %, R RS X 3]G MAGSAT M, L3 - WM 2% F
AR XIE BB FE THRES, SRR @MBE TiHkiEs, TEMR Y @ KBIRIES, &K
MEMARBR G R AG 0 LB i A . AAFRLRAT 09 L3 - M R ALK 5T 5 T BHIET A Z R g B3R
T & A R RAEA AR IE

KB RASE; A RT KBRS R, LB -HYARA; oH; 8

£

(1) BRI RLIRFFHTBLLNG G EFHREHEE,

(2) X3E3N @A L FIREH, BARART Gd T it

(3) RAGTRFIAILAG ST K A > Evb > KA > E.

RES S S151.93,0657.31 XHEfFRIREG: A

T JRI G2 JAIE | 54 R [7) i IX T 76 26 55 0 43 7
A0 L A BT B T — e R X,
S AR ALV R 22 B e R 2 T A S T
SEIYMEIE 12. Img/ kg, B & B BB )R AR R

Al R S PR R — D B OO R, Rk
5 AMBIRYI  REAT VI OC AR iR A Yt
BRI 0 2 0 A % (it e XIS o i — 2 T S 4
AU R R X - - R R G A 43 A

AL S IR R, % Rl T 28 A= Py b Rk AL 27 11 B
AR AR TR O R R A B L M
FERTFE R ISR AL SR FREE P ) A1 S R LT
J& TR Z MBI TR, ERERERA T, H—,

HA b X+ 37 24 0. 05 ~ 2. 8mg/kg, F- {4
0. 51mg/kg, 5 Hb -+ AR 25 /K FH 4 S8R 0, 4R
AL ACHEIE UM B R . TR E WL
Jita e Y U DX A R S R AR L,

Wi HHE: 2018 —11 -04; {€[E HHA: 2019 -01 -27; #HEZHHY: 2019 -04 - 09
HEEWHE: EXE SR E (2018 YFC1800804 ) 5 H [ 1 it A £ )= i 5t 5 2 151 H (DD20190291)
YEE I %, i, TR, EZNFARETH A, E - mali: cugyunnangtl @ 163. com,
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Hil 5 A2 AL TE FEL 346 ~ 2018 mg/ kg, & il 41
filiky 6471 ~8390mg/kg'” ~* ; B 74 £ {1 S +- LA Ky
0.0015 ~36.6854mg/ kg, F-#{H 0. 9429mg/ kg, 7 i
At RS AR il A X S FE R — R — R R
BB RRE R — 8 Wa B B
PR 0. 56mg/kg, 15 5 E A ACE s iR
Tl )2 A A 0. 031 ~ 2. 361mg/ke, 14 {H
0.354mg/ kg, & Aifh . 2 il - 398 1A A 7 4 b DX TfD R
88.69% ",

TR R BT — S MR b X, 4 v A B
FEAA PG I 5% 2K R X+ 3 Al o8 R A ~ 0. 19
mg/ kg, F-15{H 0. 03mg/ kg , T K BEF H Al Ay oK A6t
~0.008mg/kg, 114 0. 001 mg/kg' ' ; I 22 90 B ¢
FLFRBHE A 1= HEA 4 0. 081 ~ 0. 449mg/ kg, F-F
{H 0. 202mg/kg, V3 + H G A, -1 0. 174
mgy/ kgt 5 F8 T 125 D A A v X sk e
AL, 3 3 /K B Ry 0. 001 ~ 0. 148pg/L, V- 41K
0.0221 pg/L, # F /KAl Jy 0. 001 ~0. 210pg/ L, F-H{H
0.0523 g/ L, Bl (1) 5347 32 M BT 55 B 25 R DL Sk
TRHIBRAL 2500 5 SR VT A8 3 A b 4 T e
SR AEGRAN 135, + 4R 0. 008 ~0. 660mg/ kg,
F-HI(E 0. 147mg/ kg, JLPAFEAE R 4

55 R E A M X, I RN R R G A T RS
ARE R RERR S AR Z M
BEAL MU KL R R % . U0 Eiche 2510 X6 Bl 25 30
A8 A0 b DX /N FE R S8 Al ) F 9E R B i L IX
FPAE/NZZ 3B D 13.7 £0. 07mg/ kg, PR T3¢
HERf A 6.8 + 0. 01mg/ke, /N FIIF 34264 (R
25 M AR AR Hl 133 ~ 931mg/kg, B T
St > T8 >R > 2K, A el R £ R ML A A
AR AT 4 32 B8 255 Junior 2607 X 19 74 W7 7 3 A
AR DX oA f £ 75 1 SR A F S R L BT X
SRR 98 % T IEAIAG & /N T 0. 6 mg/kg, {H
T2 Hb DX R 1 B VG R SRR R, LR
380 M TR Sy H 5 AT ) P 53 51466 1mg/kg il
51. 2mg/ kg, & ARFAE B &, 247308 3192 i 1X + 2R (1)
100 2 A , W TR il it 5 = 398 S B85 16 g 34, Bl =
SE pH AR M R A% . St 25 F 5 26 WA VTG 3 g
T A R B G AR, BB AR W R K
AP RTAT A2 40 A0 o ot L AR /L, A v 1) -
% VR R A 22 A 00 E 25 WIS 2 B
ARt KA b 1 53k B & A - AR o, HHC
AR F ORI AR AR AR 25 R, EOR XA Y
A2 B A BRI ) DL & pH A Y S ]
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SN 5 1B AR P00 i YT B AR K X
TR K 32 52 T AR b A ), A A AR A T2
S5 %) B AR b 23 A A S

X FBRIT = A N & i X 1398 — A R G il
R AT B . () AR BRIL =
MATFIX 2 B bR X ek {2 0 A g il ) W, 2k
=AM IR O R I S R
0.102 ~ 1. 886mg/kg, “F-2J{H 0. 789mg/ kg , T & Mi{):
Jor I TS ATAELL ] RPN SR T, ARk
WL T 25 D 1B S i 5 DXk, R B /K g
-5 IRAEAS R AL 5t A1 2 KR R 9k
DT K S O35 0 5 33 45 43 A B R I A
Se .Cu.Pb.Zn Cr Ni,Cd,As Hg ST S ,
AT+ 58 - W) RGPl e R 3 A AR RIS
IR AAAIET , 1A > b A 9% I ) S AR ARG AR
ARSI FVEL VL AT B A K b R R
PERL AR

1 WFFEX RS

IR DAL T BRIT = A 0 PE R o, AL T T 7,
FETT K I8 7R 77, J8 0 AR Al 2 KU, 4F FE T
1780mm, -2 itk 21. 8°C o 4 bk e il & ik,
J& TR BUERA R VR X | 18 R 15 - JL i B U7
WX, 5338 KRR o R AR A, b
Mo B AT AE PG SRR, AR R LA
PR IR = f P S 2 R B Y JE 2 A X
B st LA AR K R O 32, 00 R BE 810 24 o B 7 4 1Y
90% LA Lo PR IX 3 35t S 3t 2 eV R B
WP MR A R AE K A, 22 T 5 KA U
AR5 AR EP JRIX B B O s (U R L
BRI BN AE B KA s B B 1T KGE
JRy S S S A 5 DU 2 i T TS DR R IS R A
W0J2 ST sh AR A R DR BT IX LKA
IR A TR ) EMOK IR B K K

2 Sy
2.1 FERCREE S

FESLREET 2017 4R 7 H RS RLEART T . RAE
SURL LT T BT 2 DX T T B R s K R L, G
BN

RAIKAH H )2 (0 ~20em ) T AL AL 10 £,
KA il £ 5 1k S IR (4 b o R BR AR 2 A B
W) (DZ/T 0295—2016) , B AMHEh 4 SURGHE, &
M Tkg,
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Fig. 1 Sampling location map in the research area

RARIKREAN TR AL (AR 250 RE 58 ROK) e,
IKAEAE At Ry RIRRISCE AR , BB i o — B T A
4 ADTREMTR A RE, SRAE 55 R 2 TR X R
R A 40 4, R AR Sl & kS MU S HBkAL
FPEN SRR i 23 M7 k) (DZ/T 0253—2014)
BB AR R AR 25 SRS 20yt T e,
JFHZR B ohe o, Bt FROHLEERE i, TS 1578
AR, BT 60CHEA rpE T Bt A v S Al e L
BRI AR NE RSB RAT . KRR AL R
RS RIZ TR SN
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Fig.2  Three soil profile histograms in the research area
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54y B R AR IS RESLE AN, 1 160 H i, IR 2 (3
R, DU A H

WA K BURFER A SE T ) (HI 494—2009 ) J
KT REEFE S A RATF AT B R L E ) (H) 493—
2009 ) RAERF 55 X LA AR 4 1 1R 2 H R K RE 5
2 PR Gl 3k N T Al 1 5 4 R K, 4 LI 80em) |, 4%
1000mL, FH & By ] Nk B 5L g = il . ZEFIEIX
3t PG R R AT R SR A B A R A 4 R, X R
MOREEAE B AL R & 4 1F, B ORRE S kg,
A AR SR B AUR S
2.2 FESINE

K 2 R K T K L K RS AR 250
FEFE KORAE S A3 ) 4R b o 52 38 00 3
R )T K EBE AR SR TR R Se . Cu
Pb .Zn Cr Ni Cd As 1 Hg, i 77 : 2 B &
4 [E GEARUELK T AR SR K K 36 75 1) (GB 8538—
2016) ( Hi T 7K 5T AR #E) (GB/T 14848—2017)
TR ZEM AFFE ROKFE S I Hg A Sl , i 7
LS RSt BRAL A VEAN SR W B i 20 W7 7 3
il () P 5 5 9 6O 1% %) (DZ/T 0253, 2—
2014) .

e I e o3 = w2 T o3 A VR
TR R R BRI O R . A A KU
FRESIRTE bR A Se, MK ik S IR CA A M 4
2204 77 i) (GB/T 14506—2010) , 3R JZ2 -1
) T A 3 RE S I HE A5~ Se (Cu \Pb Zn (Cr Ni Cd,
As Hg il pH i, MR 45 A5 2 B3R ) (NY/T

1121—2006) .

PRSI B O E O E, T vk
P41 4y 1) R s A 7l o o, S L A N 52 565 2 1) 9% A
FETL R N o B A P A e ) R s A T b A 2
AT BT, ARG 4m A B AR fE W 5T A S bR ]
) T R o | R = W o1 Dl 175
HEC 2 H Am X3 b 2R Ak 27 98 25 JLYE (12 250000) )
(DZ/T 0258—2014 ) F1{ A= 25 Hu R AL 22 T BF 5 40
BrEAREESK) (DD2005 - 03 ) o3¢ F 43 By aod A2 1
BE RGBS RS B R UEA T, i A i s R
h 100% , WER 2 FIORE 25 B WA FE AR 58 95% , K
NEE ]

3 g5
3.1 K brpiloC# & EREIE

WFFE IR T3 T VR R R K
JKAE S AR B BT VEE RS VR R B R O RhOTR &
ARG AR TR 1, 5K 10 3RE
SR b A 5 HR S O 0. 23 ~ 1. Odmg/kg, F- 2 {H
0.5060mg/ kg, ZF 3 REH 47.5241% , REFKIZ L
SEERT e S AR U v, (ELRE ot v A A A (B
TR )2 1 AR 24 5 5 (0. 29mg/kg)
AR TR B 2 B F S R 0, F ] 8 v A 44 B
AP R 43 Dy < B 18 (< 0. 125mg/kg) (D
i 1% (0. 125 ~0. 175mg/kg) . LA -3 (0. 175 ~
0.45mg/kg) & Al +1 (0. 45 ~2. O0mg/kg) Al 5 il +
(2 ~3.0mg/kg) . WFFTIX 10 K2 HIEHAES 4

1 WFRRXLIERUK AT K 54 R A b s v
Table 1  Descriptive statistics of selenium and heavy metal concentrations in soil and water of study area
eI 24 Se Cu Pb Zn Cr Ni Cd As Hg
FKEHRES EHE(mg/kg)  0.5060  26.9200  51.5900  55.9700  30.2300  13.3870  0.2200  5.4390  0.1981
(n=10) TRA (%)  47.5241  42.6776  78.9071  29.0042  47.9257  43.2912  21.3201  46.7499  50.4596
M (0 ~20em)  FHH (mg/kg)  0.3500  21.0700  27.0000  48.5000 22.3300 10.9600  0.2000  4.9700  0.1900
THEHET(n=3) ARRZRH(%) 17.2900 33.4500 38.9700 42.9500 35.7000 38.8500  30.4100  28.9000  55.0100
I (20 ~40em) EXIEH(mg/kg)  0.4233  10.4667  26.1333  27.7333  13.9667  6.5800  0.1500  3.2600  0.1607
THERER (n=3) ASRAEB(%) 50.6820 30.2238  41.9914  39.9596  3.3836  21.3481 17.6383  34.5361  69.7577
1 (40 ~60cm)  FHIMH (mg/kg)  1.5567  10.4467  31.5667  36.1667 26.9333  9.8933  0.1667  4.4800  0.2020
TIERER (n=3) ARZEK(%) 57.7170  34.3896  1.8562  19.4933  33.0786  30.4311  18.3303  75.2030  93.8403
T (60 ~80em) F¥fH (mg/kg)  0.9867  8.1500  26.2333  35.8333  23.9667 10.0167  0.1467  5.4200  0.1430
THEREA (n=3) ASRAEB(%) 55.6726  29.0388  40.6045 30.3152  34.0544 55.3363 20.8299 98.0820  76.9135
T K 34 (mg/L)  0.0003 0.0030  0.0014  0.01135  0.0145 0.0015 0.0002  <0.0001 <0.00005
Fef(n=2) AR ZF(%)  0.0000  64.7100 70.7100  70.4000  4.8800  18.8600  47.1400 - -
WEWOKAES  E¥H(mg/L)  0.0004  0.0019  0.0004  0.0121  0.0025  0.0009  <0.0001 0.0005 <0.00005
(n=4) AR ZM(%)  20.4124  40.3200 70.7100  46.4700  14.9500  20.2900 - 74. 8300 -

TEn HREANZELAL, " - " R AR R M
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JB A5« BRUC =AU R TR0 DR 398 — A 2R 48 Pl G 3R 0 A ik B R LA 5

038 %

il 5 A B A AR U, ol 50% , 4y 5 4l
ik 2 L 6 HEAR E, ST X = A iR ] T )
12 A~ TS RE A 5 52 0. 28 ~ 2. 59mg/ kg, F-31H
0.83mg/kg, 78 5 RNy 82.55% , 12 41 | if + 1
W T IR E A A AR, 5 H 58.3% , J34h 5
IR E RN AR e, DL 2 RN 1 A
Fri R W] ST X R T A AL T
W85 A ) T A b R R AT B

5 A S R AE L, VR )2 R 7K 5 KR
Bl B . P A TR 2 L KR A
0.0003mg/L, 4 A~ ¥ BE /K #E & il & 2 ¥ E N
0.0004mg/L,

3.2 Kb SR A EFIE

AT R UR T L BT AR R A s B
Tl 7K F- A1, 38 75 B2 25 FEAIF 5 X K 4 PR 85 o s R B
RZ TR ESBE AR (K1) FW,Cu Zn Cr,
Ni Cd . As Fl Hg % 7 P 43 & & s 4 oK o 4k i it
- 4 g XU 3 1R € 498 PR 5% o A FH - 38 S
e XU e br it (177 ) ) (GB 15618—2018) ,
PR T ABME M RZE a8 S &k 3
137mg/ kg H1 113mg/ kg , W {0 € 439 BRI o i A
FH 1 - 438 g XU A Fs b i (3047 ) ) (GB 15618—
2018) Hr a4 FH Hb A 38 V5 2 XU i 26 {H 100mg/kg,
{HAR M GB 15618—2018 4 F Ml £ 385 Y XU 45
HI{E 500mg/ kg,

i 3 8 M ESE &R KRBT GB
15618—2018 & HHh - 1385 L WS i e B . #1171 03
R04 JURZHL T KA R, 2 B CHL R K B R A
WEY (GB/T 14848—2017) ,7 # & 4 J& Cu.Pb . Zn,
Ni Cd . As Hg #5281 28, E&BAK T (4 HH 3 7K 5T b
#E) (GB 5084—2005) FRAA ; Cr 5 S LA, P 147
JZHR K Cr B ¥ {E N 0. 0145mg/L, X F
(A /K BTbR i) (GB 5084—2005 ) Hh 7S H1 4% 11
FRAG 0. Img/kg, FTRAEM) 4 {4 EWE KA 4R 5
BE K R BVRIGR 7 R EE 4R B Ak B Ok HE
BE7K BT bR i) (GB 5084—2005 ) BRAE, £ 7 i 4%
I, P ¥{E A 0. 0009me/ L, 35 I 3th T 7K 5 5 A 1)
(GB/T 14848—2017) 1 25HuF AKAR1E

LA & B o A ] 0L, 5 IX 2 39 T £
HrhE e E S AR LT GB 15618—2018 4 H
S b - 4 Y XU 07 B, V2 B K RN K
T 2 (AR H E R 7K A ) (GB 5084—2005 ) , B A
BOR A, LIRS R, 1 R R R KA
it

3.3 WOCHTBIFAE
3.3.1 &A1 - HIEROCRITHRHE

TP DB 88 A8 b o SR I i AL v Se 35 6
WK 2, WIFEIX 4 fRa ke X AR 2 28 o B
KA KA, Se EETEFEN 0.019 ~0.025mg/ kg, 4%
SEM (13, 84% ) B/, W1 A {9 0. 0208
mg/kg, fIGTF Hb57% B (0. 05Smg/kg) 7 1% 4
5 HABKIE# X FiZ 1 XA A Se HIBFFESS
—5, BN, 0 F T B R WL T A L X
A1 Se &0 0.01 ~1.34mg/ke, Se & E KA A
A EE Ry E RS A RAE R G, Foh =R R A R
Se &7 0. 03mg/kg 0. 01mg/kg 0. 01mg/ kg,
(I ARA BRI = AR PN 255 X B AR S M BR AL~ PE
it ) RV T & i X AE B A o Se (K, Se &
HE{EEN 0.02 ~0.25mg/kg, SE-H{H 2l 0. 06mg/ kg,
HAE N 0. 04me/ kg, 28 55 REBR, Ik B 77% 54
AV e A AU AU DA G, 7R i X R
ALK AFEMITE T =S4 L R a5
JZ2  AB R AT R AR 22 S B, [ 5 8 e R
BR.

#2 EARINAE L Se B

Table 2 Selenium concentrations of rocks and weathered soils

P =N P =N

TR, (S;;kf) R A (S;;kj
piAS k=R 0.025 Rk 1 0.30
VA=) 0.019 Rk 2 0.12
T3 0.020 Rkt 3 0.17
e 4 0.019 KAk + 4 0.34

FHEC T A1 1 Se , BIF T IX T SR 4 R AE i 2 4
BLEg 4 A KA 4 fh  Se & V-39 {EH O 0. 2325
mg/kg, BEACFEE R 112 £, REX 5T
Bl B bR DHEWT S O XA L B2 Se JUR
EF Sur -0 AR TR U A S A A S 2
T AT S N KA T2 A SRR, 7R I
WIKCEMBEARRTT , $h 55 7Rk, & o R
(fn Ca Na Mg K Si %505 5L B0 R ) 1Yk
RILHR B MU R IR R , 45 R 2t A e Tk
TCREE MR TH T Wik, Kkt
FEMEIUER Se 35 R T EE AL IG5 Se, Xl F
AR FEIE S bl Se B2z 5e 4 AL L Se
TEMZEFBE R WX ERIZE THE Se &P {H
7 0.506mg/kg, WAL 1= Se F- 4455 AT 2. 2 £,
HEEEFE P, W98 XX A2 KA i ad A
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AR FRAF L6 AT, 22 6 FH R K BV E
fefifi Se 7ER)2 T3 LR 15 R 2 L3 Se 5
FRAL A Set MR + 52K 7 2 B KR A 7K
AR SR A TE 22 5 19, AT 10 A58 2 - v
Se & AR R BB, kBN 47.5% o LAl oF
FE A A N T Se TUR W\ 2, F2E2Z
AR A P Az R
3.3.2 LR AL

BEXTRIFFE DX T AL o PRS0 i M i BB 28, 7
WFFEDCHY b o R IEE R T = kT R AT, 06 ]
i 04 FTE (03 &3 A T X o R i, R
T REBT AR R AR Ao ST X = A A g
T Se SN 3 Fiax, =ANHII Se 5 15
B ARRURRAE , N B3T3 RGN Se & &
SEXE RN 2 :03 55| > 06 5 F T > 04
S, S BIE 250 R 1. 325me/kg 0. 60mg/kg
0.565mg/kg, &b T Tl Y 03 5 | 1f 147 Se Be{k
ERE . RA RS RGE T HOP A0 R R i
7 Se FHT /AT ,03 5 F] 10 M A , A XA B
Ab7F 06 S TH .04 SR Ui, TEAREAL b ez H
byt , i Se HHa ) BUR, B AR

=ANEITA R — TR BE Se & i H R BN A
40 ~60cm >60 ~80cm >20 ~40cm >0 ~20cm, 14
B4 53 M :1. 557Tmg/kg 0. 987mg/kg 0. 423mg/ kg .
0.353mg/kg, ¥l B3 T 52 B SE R RS 8
INHYRHE, R AE T T AR 2, BRI Se 7EP
FEME T RUZ ARG, 50T S g
SEAREAL, AT RE S 9T DR RN o K 9 O AR o
TS

T L3ESe A& (mg/ke)

0.1 0.6 11 16 21 26

0 —rrr— . . : :

0f @o - 037/
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Fig.3  Vertical distribution characteristics of selenium in the

different depth of soil profile
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NI 4 BT 0B 2H B RT A S BF 9T IX A
TR ZH (A% > 0. 075mm ) &7 48 5 bedss ok, &kl
FEI K 48.2% ~89.4% ,E-Y(E K 73% ; 4fki 4 (hifs
<0.075mm) & &3 FE N 10. 6% ~51.8% , F-I{H
K 27% o =AEH RIS DDA o | #E S
PRI, FERF T DX R T o R RS2 e T, I 1R T 4
5, 13 Se 85 0] TR, =TT 118 Se FRBL
P T AR R 2 E AR .

Zi b, 13 Se LRI WA, FE &M T
Wik % , FEAREAL & 4R, e ] RIE R R TR 22
] FERIEHS , e T ER A TE T2 4R .

3.3.3 KT EREBRHE

ST X R AR IR K AL dih 45 3853 Se & i 41145
Ry Tk 3, R CE MR 4A) (GB/T 22499—
2008 ) FRif, LA KK Se S5 0. 04 ~0. 3mg/kg H5E
R E RO, R AR B 10 R4 i KOK Se 5573
{4 0. 058mg/kg, ik 3] | & Se KoKbrifE, MKF
K EBAL Se & f P HMERFE , DHIE XK FFAS [ FB AL
Se SN MR > 2K > ROk > Fioe, 5 HAMA CHE
FARE LR T,

TR R A FIR S W B oG 2 AR ML 1A
HRERRE S, B Y B e R S
HAARFR P2 e R & el . a5, KA B
53 Se FRAR T /KFIMREL Se & i, VT RECH
0.19,3E/NF 1, i Se 7E KR H AN 25 55 DR 1)
Ho EIRAE R o K REARTR Se AL, R R
IKARAE R R AR IR A T R A 3 T
MR Se BUMRURE 7712 IR AR B X Se 15 4E
YER R . RATTEARTE R T KW Se, A figik—
A ) ZE AN SR SRR TS
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Table 3 Analytical results of selenium in different parts of rice

Se &+ (mg/kg)

FEmAr 5
FEME(n=10)  HKXE(n=10) HF/ME(n=10)
IR 0.320 0.360 0.300
VI EE 0.075 0.090 0.054
Fok 0.058 0.072 0.045
KRR 0.053 0.072 0.038
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Fig.4  Soil particle composition in the soil profile of the research area

WP IXKAREHR (ZE M RS 5 ROK B 5 R O 29 {H 7
Bk 0.657.0. 165 .0. 120.,0. 126, A] BLAF 5% X 7K
AFIFBRLXS Se (6 4 RE ) HF A —EB0, Hh AR I 4R
AR KT HAMb =580, LA 135 Se B 5 17 7K
HRERAL RS , TERR TR B A, A Gy e AR 280 Bk
HRAL KA AR RN T 1, U KA
“EM R RORE R/ T L U] s Se
B TORRAA RS> Se A, LAY Se AT
X 43 - HY RS Se 1Y) BTGP HEA

4 ik

RS WY R DS ] 30 7R - 48 ROKA &5 i
A, 3 KRB R AT, BVAECON A T H R
JE B R AR FIAE . 5% X A6 <) KA B A i
JCEAWHTRE & 4, P s il - 58 Wy R KA
Jria), 138 Se JUER FEE &) NIFERS , FEAIREAE

A8 TR LR I T ), B3 Se JUR EEE 0] FEEE
B e T EMIA B2 B . KR ARFFBAL Se 1)
TN > 2B > KOk > B, 1 Se 85 K
FEARFRIE RS , 5 A AR 0 1) 7K e b8 533245
U, FRTC 3 7050 ) FH B A - b R U, KR KA
FvRe, D0 S5 o i A /KRS ot ol A /K b % o o
1, AR i A KORE b B, By AT R TRV LR B ST A
Kb

5 Z5U

[1] Dinh Q T,Cui Z,Huang J,et al. Selenium distribution in
the Chinese environment and its relationship with human
health: A review [ J |. Environment International, 2018,
112.:294 -309.

[2] Ullah H,Liu G, Yousaf B,et al. A comprehensive review

on environmental transformation of selenium: Recent

— 551 —



45

HOW
http; // www. ykes. ac. cn

iy

ot

2019 4F

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

advances and research perspectives [ J ]. Environmental
Geochemistry and Health, 2018, doi. org/10. 1007/
s10653 - 018 - 0195 - 8.

Natasha,Shahid M, Niazi N K, et al. A critical review of
selenium biogeochemical behavior in soil — plant system
with an inference to human health [ J ]. Environmental
Pollution,2018 ,234 .915 - 934.

Bullock L A, John P, Magali P, et al. High selenium in
the carboniferous coal measures of northumberland , North
East England[ J]. International Journal of Coal Geology,
2018,195.61 —74.

Yanai J, Mizuhara S, Yamada H. Soluble selenium
content of agricultural soils in Japan and its determining
factors with reference to soil type, land use and region
[J]. Soil Science and Plant Nutrition, 2015, 61 (2):
312 -318.

Yamada H, Kamada A, Usuki M, et al. Total selenium
content of agricultural soils in Japan[ J]. Soil Science
and Plant Nutrition,2009,55(5) :616 —622.

Zhu J M, Zheng B S. Distribution and affecting factors of
selenium in soil in the high - Se environment of
Yutangba mini - landscape [ J ]. Chinese Science
Bulletin, 1999 ( Supplement 2) :46 —48.

AW, Ao e, ZR i, A RO b 3 X A 4 R A
B AR A E S [T ] 924 4, 2008, 28 (4)
397 -400.

Zhu J M,Zuo W,Qin H B, et al. An investigation on the
source of soil Se in Yu Tang Ba,En Shi: Evidence from
native selenium[ J]. Acta Mineralogica Sinica,2008,28
(4):397 -400.

SREAR, E 0, B, 55 S0P B A S 1) o A AR AR
WF5E[J]. 37,2017 ,48(6) :1404 - 1408.

Zhang J D,Wang L., Wang H D, et al. Distribution of soil
total selenium in Ziyang,Shaanxi[ J]. Chinese Journal of
Soil Science,2017,48(6) ;1404 — 1408.
RIHFYE, BE, RAT, 55 A 6 B R B I A 4
fE S AN ALY . i folk B2 95 X &), 2017,38(9)
130 - 134.

Zhu H D, Mao X, Wu C L, et al. Distribution
characteristics of selenium resources and their utilization
in Shitai County [ J ]. Chinese Journal of Agricultural
Resources and Regional Planning, 2017, 38 (9 ).
130 - 134.

AW AR A T T R 2 A N R R
WFFE (1], AR, 2017,36(3) :282 - 288.

Cao R H. Study on selenium content of surface soils in
Longhai, Fujian and its influencing factors[ J ]. Rock and
Mineral Analysis,2017,36(3) ;282 —288.

— 552 —

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

(20]

Farhud A A, Sewailem M A, Usman A R A. Status of
selenium and trace elements in some arid soils cultivated
with forage plants: A case study from Saudi Arabia[ J].
International Journal of Agriculture & Biology,2017,19;
85 -92.

Pytlik P B, Kulezycki G. Content of selenium in arable
soils near Wroclaw [ J]. Journal of Elementology,2009,
14(4) .755 -762.

BN XNAEL, oy, 45 )19 & et DX K fA rh il 2
RO AT RRAE DT ST (T ] A B I, 2018, 37 (2)
183 —192.

Li J,Liu J C,Tang Q F,et al. Study of the contents and
distribution of selenium in water samples from the
Western Sichuan Plateau and the incidence of Kaschin
beck disease[ J]. Rock and Mineral Analysis,2018,37
(2):183 -192.

BRGEE fRoR, R, 45 B TLAR 3l 7 A b
o R AT ()], 8 AE 4, 2016, 53 (5):
1262 — 1274.

Chi F Q,Xu Q,Kuang E J,et al. Distribuion of selenium
and its influencing factors in soils of Heilongjiang
Province, China [ J ]. Acta Pedologica Sinica, 2016, 53
(5):1262 —1274.

Eiche E, Bardelli F, Nothstein A K, et al. Selenium
distribution and speciation in plant parts of wheat
( Triticum aestivum ) and Indian mustard ( Brassica
juncea) from a seleniferous area of Punjab, India[J].
Science of the Total Environment,2015,505.952 —961.
Junior E C S,Wadt L H O, Silva K E. Natural variation
of selenium in Brazil nuts and soils from the Amazon
region[ J]. Chemosphere 2017 ,188 :650 —658.

il R RN AR 4E. VLT F A A 3
ARG R R [T]. 24 5 E4R, 2017, 17
(4):1588 —1593.

Ma X, Zong L G, Zhu X D, et al. Effectiveness and
influential factors of soil selenium in elenium valley,
Fengcheng, Jiangxi [ J ]. Journal of Safety and
Environment 2017 ,17(4) :1588 — 1593.
Et TR, TRASE A R A I IR KA A
KRBT EALTE VDTS LI ] b R o7 4, 2016, 31
(9) .75 -80.

Wang C, He H, Zhang ] L, et al. Study on selenium
in  Yutangba, Enshi and the

enrichment of corn

antioxidant activity of the corn peptides[ J]. Journal of
the Chinese Cereals and Oils Association,2016,31(9) .
75 - 80.

B AR VAT, 5 TLIR LS AR ™ X
JRtERAL A 5[] 5 ,2016,43(5) 11791 - 1802.



5 M

JB A5« BRUC =AU R TR0 DR 398 — A 2R 48 Pl G 3R 0 A ik B R LA 5

038 %

(21]

(22]

(23]

[24]

(25]

[26]

[27]

(28]

Liao Q L, Ren J] H, Xu W W, et al. Geological and
geochemical background of Se - rich rice production in
Yili area,Jiangsu Province[ J]. Geology of China,2016,
43(5) .1791 - 1802.

Thakur R, Tarafder P K, Jha R R. An evolved GFAAS
method for trace and ultratrace determination of Cr( Il )
and Cr ( VI) in water and wastewater; Speciation of
chromium [ J ]. Atomic Spectroscopy, 2018, 39 (3):
126 —136.

Satyanarayanan M, Balaram V,Sawant S S, et al. Rapid
determination of REEs, PGEs, and other trace elements in
geological and environmental materials by high resolution
inductively coupled plasma mass spectrometry [ J ].
Atomic Spectroscopy,2018,39(1) .1 —15.

Yuksel B, Arica E. Assessment of toxic, essential , and

other metal levels by ICP — MS in Lake Eymir and Mogan
in Ankara, Turkey: An environmental application [ ] ].
Atomic Spectroscopy,2018,39(5) ;179 - 184.
BN, AR W i, 5. A 7E 3 - KFE RGP
ERHACA [T ] 74 I R 22 4l ( A SRR
fR) ,2012,37(3) :60 - 66.
Luo J, Wang J Y, You Y H, et al. Migration and
transformation of Se in the soil — rice system[ J ]. Journal
of Southwest China Normal University ( Natural Science
Edition) ,2012,37(3) :60 —66.
TS, 2 4, SROBEL, A5 T i S (] - st A1) 2
R L AR (Se) 43 Aii Mg R R [ ] BREEREY:, 2015,
36(1):301 —308.
Shang J M,Luo W,Wu G H,et al. Spatial distribution of
Se in soils from different land use types and its
influencing factors within the Yanghe Watershed, China
[ J]. Environmental Science,2015,36(1) :301 —308.
FRFLBAET, BEA, A ARG X 15 - HY)
FRGEH Se JTUR MIMERAL AL L) ] B 4z, 2012,
31(1):151 - 155.
Guo Y, Bao Z Y, Ma Z Z, et al. Geochemical
characteristics of selenium in the soil — plants system of
Enshi area, Hubei Province [ J ]. Geological Bulletin of
China,2012,31(1) ;151 - 155.

XNF77, 82 4, WP M. BRVE = A U & 1L H DX )
ERALAZAFAELT]. BUACHE T, 2014 ,28(5) 1928 - 934.
Liu Z N,Dou L, You Y H. Geochemical characteristics of
selenium in Taishan Region of Pearl River Delta[ ] ].
Geoscience 2014 ,28(5) :928 —934.

AV VLV 8 2L AL b A AL 20 T8 3 0 3R ML BR
ERFEL T ] B R BT+ 4 ,2015,21(3) :553 - 558.
Xiong P S. Major elements geochemical characteristics of

the granite — type laterite profile in Gan Xian, Jiangxi

(29]

(30]

[31]

[32]

(33]

[34]

[35]

Province[ J |. Geological Journal of China Universities,
2015,21(3) ;553 - 558.

BRI, skl B, 2. ) 2R 3 4% 8] 43 A
BTERR B VRS 20 A [T ). AR 25 3R 58 4 41, 2012, 21
(6):1115 - 1120.

Chen J J,Zhang H H, Yu W M, et al. Spatial variation
and environmental indications of soil selenium in
Guangdong Province [ J ]. Ecology and Environmental
Sciences,2012,21(6) ;1115 —1120.

J5 4. AE M T SR IE 25 53 A B T RS AR LA
[J]. &miik,2008,27(2) 103 —107.

Fang ] M. Selenium speciation analysis and its
transformation and enrichment in soils of Fuzhou City
[J]. Rock and Mineral Analysis, 2008, 27 (2):
103 - 107.

FRH A T7  BUR N, 55 A0 50T I X S il
SRASALT]. AH,2012,26(5) :859 - 864.
Guo L, Yang Z F, Ruan Q H, et al. Content and
distribution of selenium in soil of Beijing Plain [ J ].
Geoscience ,2012,26(5) :859 - 864.

G RN, ORELR , A ML) A AR M B 3 SR
A= A Ve T A A A3 B (D] PR A, 2017,
36(7) :1588 - 1595.

Liang R Y,He J,Shi Y J, et al. Bioavailability and profile
distribution of selenium in soils of typical Se — enriched
agricultural base[ J ]. Environmental Chemistry,2017,36
(7) :1588 —1595.

SCHE TS, 5K S8, A PG S, A5 VLV i pe b X AT L 0
BERIF R AT AT DR [T ], [ 3 5T, 2014,41 (1)
256 —263.

Wen B Y, Zhang T L,Li X Z,et al. A feasibility study of
selenium — rich soil development in Longnan County of
Jiangxi Province [ J ]. Geology in China,2014,41 (1)
256 —263.

B TR, R, S5 BRI A A A ) b R AL
VEERFNE FRRE S o S A [ ] AR 2527 44K, 2005,
24(10) :1197 - 1203.

Zhao S H, Yu W T, Zhang L, et al. Biogeochemieal
cycling of selenium, nutrition adjustment and
differentiation cause in environment| J |. Chinese Journal
of Ecology,2005,24(10) :1197 —1203.
WEAE  BUR TR %, 4. o [ ol 5 S i X 1 3%
BT P A 4 5 PEA L] 5 5703, 2017, 36 (3) -
273 -281.

Xie B T,He L,Jiang G J, et al. Regulation and evaluation
of selenium availability in Se — rich soils in Southern
China[ J]. Rock and Mineral Analysis, 2017,36 (3):
273 -281.

— 553 —



a0 i ak

w5 hltp;E//www. ykes. ac. en 2019 4

[(36] JA% XKz, 4, % HHEME R 3 - KFE R Environment,2017,34(5) ;449 - 455.
ST [ J]. 1% ,2016,48(4) :734 - 741, [40]  Z=F%, 5KIESF XU, &5, )PR8T IX L - Y &
Zhou J,Liu Z Y,Meng L F,et al. Selenium transport in i ShAs T B EEALAFAE [T ]. BBl 222 4],
soil — paddy plant system influenced by soil properties 2010,30(11) :2305 -2313.

[J].Soils,2016,48(4) ;734 - 741. Li L,Zhang G P,Liu H,et al. Distribution and mobility

[37] ZEWE, W, fHE B, KRS X KOk & il + e 1 i of Sb and As in topsoil and plants in the Dachang multi
W K i [ 1], AR AS2ER ,2015,26(3) :809 - 816. - metalliferous mine area, Guangxi, China [ J]. Acta
Jiang C Q,Shen J,Zu C L. Selenium uptake and transport Scientiae Circumstantiae,2010,30(11) ;2305 —2313.
of rice under different Se — enriched natural soils[ J]. [41] ByUE, MBSy, 48, A (L i 3 FE Y %t 5 4
Chinese Journal of Applied Ecology, 2015, 26 (3): JEWR U S B ARAFAEL T . 7K L AR FF2A 31, 2016,30(2) -
809 - 816. 317 -322.

[38] kiR, RO, B RRAE, . T 7 e 2E K e S H A Wu H F,Tian L,Weng G Y, et al. Study on heavy metal
TS R A AR T [T ], BT AR R, absorption and enrichment characteristics of dominant
2016,47(11) ;1856 - 1860. plants species settled naturally on coal gangue pile[ J].
Zhang J Y, Chen J P, Huang S H, et al. Distribution Journal of Soil and Water Conservation,2016,30(2) .
characteristics of selenium content in rice and 317 -322.

thizosphere soil in Luzhai, Guangxi [ J |]. Journal of [42] White P J. Selenium accumulation by plants[ J]. Annals

Southern Agriculture,2016,47(11) ;1856 — 1860. of Botany,2016,117.217 -235.

[39]  BORIR, VPR TR, 2. KRGS SR A fr) W i) [(43]  TREE, XVBWR , d JLTv , A5, AR ™ Wbl & B S 5 el
WEFE LI ] Ak BF U5 15 36 B8 2 i, 2017, 34 (5) SR LT ]. A E A E Az, 2018,34(7) :96 — 103.
449 —455. Xu C, Liu Y Y, Meng F Q, et al. Selenium content in
Huang T Q,Jiang Z P, Xing Y, et al. Effects of exogenous agricultural products and its relationship with soil
selenium on paddy rice growth, selenium uptake and selenium [ J ]. Chinese Agricultural Science Bulletin,
accumulation [ J ]. Agricultural Resources and 2018,34(7) :96 — 103.

Distribution and Migration Characteristics of Selenium in the Soil — Plant
System of Paddy Fields in the Pearl River Delta, Yamen Town

GU Tao', ZHAO Xin —wen'* | LEI Xiao — qing”, HUANG Chang — sheng' , ZENG Min',
LIU Xue — hao' , WANG Jie — tao'
(1. Wuhan Center of Geological Survey, China Geological Survey, Wuhan 430205, China;

2. State Key Laboratory of Biogeology and Environment Geology, China University of Geosciences ( Wuhan) ,
Wuhan 430074, China)

HIGHLIGHTS

(1) The weathering of granite rocks to soils led to the enrichment of selenium and the formation of selenium — rich
soils.

(2) Selenium migrated downward in the soil profiles and downstream along the direction of groundwater runoff.

(3) Selenium content in different parts of rice followed the order of root, stem and leaf, rice grain, rice hull.
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ABSTRACT

BACKGROUND; The distribution and migration of selenium in the natural environment is a hot topic. The results
of a multi — purpose, regional, geochemical survey showed that the content of selenium in the Pearl River Delta
Region soils was relatively high, which was suitable for the planting of selenium — rich agricultural products.
However, the rule of selenium migration and transformation in the soil — plant system is not yet clear.
OBJECTIVES: To understand the distribution and migration of selenium in the soil — plant system.

METHODS: Taking Yamen Town, Jiangmen City, a typical selenium —rich area in the Pearl River Delta region
as an example, selenium contents in rocks, weathered soils, paddy soils, shallow groundwater, irrigation water and
rice samples were analyzed by atomic fluorescence spectrometry.

RESULTS: The mean selenium concentrations in the granite rocks, granite weathered soils, surface soils, profile
soils, shallow groundwater, irrigation water and rice of Yamen Town were 0. 0208 mg/kg, 0.2325mg/kg, 0.5060
mg/kg, 0. 83mg/kg, 0. 0003mg/L, 0. 0004mg/L. and 0. 058mg/kg, respectively. The selenium contents in
surface soils were equivalent to the soil background value of the Pearl River Delta (0. 51mg/kg), the selenium
contents of rice reached the standard of selenium — rich rice.

CONCLUSIONS:: The rules of selenium migration in the soil — plant system are as follows: selenium migrates
downward in the soil profiles, and migrates downstream along the direction of groundwater runoff. Soil selenium
migrates to rice root easily, but migrates with difficulty from roots to the overground parts of rice. The study on the
distribution and migration of selenium in the soil — plant system can provide a scientific basis for the exploitation and

utilization of selenium — rich resources in this area.

KEY WORDS: paddy field; selenium; atomic fluorescence spectrometry; soil — plant system; distribution;

migration
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