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Abstract: There exist abundant Se—rich soil resources over 400 km” in the Yili area, Jiangsu Province, and a part of natural Se—rich
rice has been produced in this area. By systematically studying and analyzing newly—obtained elemental geochemical data from the

typical samples about rice seeds, soil, rock and soil solution related to Se—rich rice origin, this paper discusses the main controlling
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factors and geological environment or geochemical background for producing the natural Se— rich rice in the Yili area, and
summarizes distribution and migration characteristics of some trace elements such as Se within rice as well as soil and rock. Some
conclusions have been reached: (1) Se concentration in rice is significantly correlated to Se and TOC in soil, with the correlation
coefficient (R) being 0.81. Detection rate of Se—rich rice is 100% when Se concentration is more than 0.5 mg/kg in soil; (2) Permian
coal—bearing strata seem to be main primitive sources to form Se—rich soil, and the variegated argillaceous siltstone and shale
within the strata are important Se—rich rocks, and the average Se concentration is 17.22 mg/kg in these rocks, which is more than 5
times higher than the average Se concentration in the local soil; and there are some obvious positive correlation between rock
thickness and Se concentration in its overlying soil: where the sedimentary thickness of the Se— rich rock increases, the Se
concentration is higher in the overlying soil layer; (3) The above—mentioned Se—rich rock formation includes a layer of iron and
manganese nodule sediments lenticular in form, its thickness is about 5—30 cm, and there are abundant Fe, Mn, Cd, S, P and some
other elements in the nodule sediments; the weathering and transferring process to form soil may contain a part of Cd, but the Cd
that exceeds the value of the standard sample has not been yet detected in those relevant Se—rich rice seeds; (4) the available Se
concentration is lower than 0.02 mg/kg in the cultivated soil, and the ratio of the available Se concentration to Se concentration is
from 0.16% to 2% or so in the cultivated soil; and the most cultivated soils that enrich selenium are acidic, their pH values are
between 4.6 and 6.5; the original Se—rich rocks are more acidic, with their pH values being generally between 4.2 and 5.5; (5) Se
migration process is a series of continuous dilutions or homogeneous movements. Se—rich farmland distribution is influenced by the
terrain, rainfall, fault belt and some other factors. The natural Se—rich farmland is formed in the small basin in hills, valley and
piedmont plain with fault belts becoming the natural boundary of Se—rich farmland.
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Fig.1 The map of land utilization in the Yili Se-rich rice area
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Tablel Statistical results of Se content from some samples about Se-rich rice and its cultivated soil

o fEX TN FEK Se/ (mg/kg) HRELT
WE Min Max Cv /% Se 2% pH
ol I 184 0.061  0.031 0300 0245 78.1 0.56 893 6.3
ety o] R 36 0.045  0.031  0.087 0234 69.4 0.51 85.2 6.2
REWIARrE R 21 0.047  0.034  0.068 0.235 703 0.48 82.6 6.1
KRB HM 10 0.049  0.038  0.063 0.144 90.0 0.55 86.1 6.3
REETRARAT HM 10 0.168  0.085 0300 0.438 100.0 1.03 100 6.4
GISTEA S HM 34 0.048  0.033  0.077 0.233 735 0.50 92.1 6.1
WE AR H¥ 34 0.059  0.037  0.120 0.296 94.1 0.56 93.4 5.8
T &R HM 6 0.054  0.042  0.063 0.139 100.0 0.51 88.0 5.7
FjaR et H¥ 23 0.046  0.036  0.070 0.204 56.5 0.45 80.5 7.0

T R PRK Se i Min e/ IME  Max s KA L Cv WAL 5w 28K
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Table 2 Analytical results (10°) of the sedimentary soil core from the typical Se-rich site( mg/kg)

RS W& em Se pH  Corg. CEC P K Fe Mn Al Ca Cd Cu Pb 7n Mo
LZ-1 0~5 1.82 559 3.63 176 647 139  2.66 164 743 032 027 265 432 80 1.47
LZ-2 5~10 1.81 525 335 173 653 135 268 151 7.39 03 03 279 432 803 1.51
LZ-3 10~15 1.84 523 319 170 626 136 282 166 7.38 03 03 269 419 778 1.57
LZ-4 15~20 1.82 554 261 173 562 137 3.04 193 752 031 0.29 26 388 736 1.5

LZ-5 20~25 1.74  6.13 1.96 146 510 132 384 388 698 033 03 224 299 0644 1.6

LZ-6 25~30 1.88  6.56 1.71 146 638 1.27 457 1581 6.79 032 036 224 28 63.8 1.85
LZ-7 30~35 1.07 678 093 122 521 1.22 341 2047 6.3 029 0.29 20 275 596 1.47
LZ-8 35~40 1.04 666 088 122 496 1.21 336 1456 6.1 028 0.25 20 292 578 1.31
LZ-9 40~50 1.6 6.88 032 123 324 132 378 1617 7.02 0.29 0.2 189 261 533 1.48
LZ-10 50~60 1.25 7 0.38 141 283 146 329 1671 7.76 031 0.17 206 272 567 1.69
LZ-11 60~70 1.07 674 037 154 286 1.54 325 1285 781 03 017 198 262 551 1.67
LZ-12 70~80 088 673 042 149 283 1.58  3.06 791 801 032 017 209 27 582  1.78
LZ-13 80~100 1.25 674 052 154 324 1.56 3.48 816 802 033 024 222 296 628 223
LZ-14  100~120 2.0 6.73  0.76 152 378 149 432 1476 785 035 044 25 34.4 72 3.06
LZ-15 120~140 2.86 6.7 1.3 168 471 143 521 1438 766 042 071 296 334 788 394
LZ-16  140~160 329 6.81 1.61 165 572 1.42 6.1 1510 746 041 0.75 303 36 86 4.59
LZ-17 160~180  4.36 6.9 1.68 168 708 1.5 795 1382 791 042 078 346 464 104 6.24
Lz-18 180~200 384 6.88 1.16 165 762 1.54 799 1232 814 038 0.86 339 408 104 5.54

1 % pH W ICHAN, CEC(PHES T2t ) Sfi f&: mmol/kg, Corg(AHLEE) K Fe Al Ca 7 BN K% ;s ANTTRAE SR [ L% A A4

5 LT & 0B SRAE I ] 2013 42 H
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Fig.4 Se abundance contrast of different kinds of rocks in the
Yili area

Wi AR (DT | IR AR ZS 1%, xR , i Fe i
5 26.94% Mn 5 35 1.46% , 1 H: Si.Al. K Na,Ca,
Mg . Se . As FF# B b AR , 32 Bk 45 A% 10 AR X 4
Cd.S.P%5, H Cd &3k 2.22 mg/kg i 5 T HoA 5 i
A TR B 2 R AT REJe AN & Se 1 & Cd 1)
Je )2 FERRERES I T HA A, S As R B I e

P, Br TR AR E S A 1 Cd Hg
Cu.Pb. ZnFEE BN . X GRIEARX LI
A a M AERESEES RIS R -, 5K
SR E AN 7 b R 43 I 4 AR R AR AR VN T
10%) A &

(4)BWCAZNEE S LIESe W EAKR, &
Tl 2 B R el B HL e b Se AT RS . ANTE S
Hh— % LA T, S S 2 R A
Bt 1.5 m, 75 7 - Y Se i A 1.2 mg/kg F-
YR 0.8 mg/kg 2247, 53R 3 Fr A %) LA 5 T A i
E200,

A A MR AR A 2 R R R 2 R
= Ak g O Y Al el P GN RS CR e i
S LM X A U, AR AR A Y i 2
HIHA X,

3.3 SEMHERIL FHFE

K B A T SRR S 2 R K Se, &
HH >4 b e ) Se AR /D A LIS, X 5 - 48 rh
AL Se i AR 20 o (HH S ali g A
IEERTIESE 3=9UN: (182 &1 =378 PO N R TIESS Ny A % <)
RENN , FERINAE -

http://geochina.cgs.gov.cn H1E LT, 2016, 43(5)



&
O
(=
[\l

B

=)

1798

W 008 [7 5 T M T A T T T 1S3 N L T B 42 20 ©, 01 BTl G SE 0L 0 T o .52 BN X BIN #0120 V™IS * B3 B Hl 12+ 2

$8¢ TLTT L86 6L TTT LSk TT 9600 <TI0 L€k ST €0 €T L0 9S00 6S STOT 6667 VYTt 8¢ SUWAIEY 09L~00L 8TTOdL
69€ TSIT 8T6 8TI 81T TSP $TT 6800 €10 LOv LST €0 TET Ly0 LS00 L9S +ELOT 910 STH +0€ SWADEY  00L~599 LTTDdL
SLT 6LLT 19L T1T1 €9C t'sk +'ST L6000 €U0 TIF TE8 LT0 1€T LY 600 LSS LS6 €908 Sk 7€  UIEE(@id “ZWPPDHEN  $99-059 9ZTOdL
10€  9vS 90T 01 6YC ¥6C ¥9T 1600 800 9T 0l LTO TIT SH0 €500 v0S VvOIT #S6T 6FF €61 SLMIEZ & “ZMPPEY 059619 STIOdL
08¢ bEL1 TSl +ST LTT T8S +'IT LSOO 800 TST 199 LTO TET 9F0 9S00 O9TF LvOl LSOE 8rt 9LT VBB R ZEY DY ST9~0LS YZ10dL
L9S 9LL ¥IT Y¥TI 9SS €TE ¥T LEOO TI0 991 TSI I€0 STT 8F0 LSOO STH 6F01 S80S Ltk 0T VBB R ZEY DY 0LS~0TS £210dL
T1S 80ST 6vT L¥L SIT ¥TS ¥+t 9200 TTT 689 09SPI 9T0 T80 €0 800 +69C 60§ 6£01 LvT 6EF YEBAG AL EAE  0T5~008 TT10dL
SIE  0b9 €07 S8IT 60T St 98T €£00 900 LLT 8F8 TEO0 +rT Lv0 SSO0 SST 6L0T €0TE LS+ LTI S IR EECHEDEY 00S~0LY 1210dL
¥8CT 009 P0T STI 99 0S TIE 9500 L8OO T6L 88L €£0 S§T IS0 #SO0 L9E LPOL SEIE 9LF 681 S DR EEGHEDEY OL~0bY 0ZTOdL
1Z€ 9S8 6LT OST 68T 9Th LE€E Th0'0 8800 60T +8S SE0 €57 160 €500 65€ 8F01 TTIE TLY L07  ZUUPHHEECEDEY  0vr-0l¥ 6110dL
067 OFr STI OFT LST 8¢k 9PE ¥S00 €U0 €I€ TP €€0 6yCT S0 9500 €9€ 8§01 SIUTE 8L+ 9LT  FHUPPDHUHECHDENY  0TF~08€ STTOdL
LTE ¥8Y LL6 8ST SE€C S8 90r 600 ST0 PF LT TEO ¥PT TSO L90O 80S LSOL STOS €8F 97€ UM MIMIMEGHDEY 08605 LTTDdL
Tt £0S TTI TIT 685 It SI€ 600 110 9+ 1Tl €£0 8T 0 €900 S9v L68 €91 6+ LLI S I EEGHRDEY 05e~0CE 9ITOdL
60F 66€ TST 9ZI +TS $Tv L6C TSO0 €800 L6C TvL 1€0 TST 850 €SSO0 L6+F €CT1 LS6T +6F LIT S DR EEGHEDEY 07E~06T STTOdL
0S€ 87T €81 60T T69 6€ S8C I¥00 €10 LT PPT €0 +v€T 190 1900 STS €r 0l +L6C 6Fv 601  SFYSEEMU DN -EN  060~TLT YIIOdL
vT€  LOT LOT 9I1 +9S TOr T9C ¥€00 €10 SFI 90T €0 9T €90 €SO0 ST+ 9TIT TIOE LIS 198 HESEUYDEY  TLT-SST qEeTTOdL
I6t 9ST S+C 6€6 t'8L 67C SE€ 6£00 I10 TE€l 00€ TEO <TT 890 1900 9L+ 96 90 TS 79T SIS, SST-0€T BET1OdL
Y8L ¥S€ 6LT LOT TEL T9E €TE LEOO TI0 SPI +'88 LTO 9rT €0 110 TFHS €801 I¥6Z TS ¥6° SWADEY  0€T-SLT €110dL
0T€ 81T 9T CTIT €85 €€ 80f #0O €0 ST LSL 920 TST €90 6900 1€k €11  €L8T LOS 169 SWUIEY  SLI~0TT TI1OdL
6b€ L8T TLZT TI1 989 TSCT L6C TEO0 €10 TLL €8L 9T0 9rT 990 S900 LS+ SECIT T86T TTS T8E PiyEq FRAAGEE  0T1~001 T110dL
TEE SLT $9¢ OIT 8T8 €6£ POE STO0 FI0 TLL 95T 920 SHT €90 LLOO TTH €O0TT 810E TS 88Y PiyEq TR DE 001~08 01TOdL
vPE 08T L¥r €11 +6 8TIv 6€€ I€00 910 TSI 85T STO €T 990 €600 +8E€ 6801 800¢ IS SOE PiyEq TR DE 08~09 6010dL
€be 191 6vk TIT S¥6 T 6T 1€00 ST'0 9bT S81 STO SST 690 T800 T8E 1T 80°0€ SIS 6LT (M3 BT AR 2 @ s 09~0¢§ 80TOdL
TEE POT PPP 601 1T6 POv TEE SE00 €10  #I  SLT $T0 1IST L90 €600 +8E€ 6L0T TTOS SUS 99T (MfifsHin BT 05~0t LOTDAL
v SLT Tk  OI1 T88 S6E 8T€ 6£00 LIO €T LLT #T0 LyT 990 T0 LSE 8901 610¢ +IS SLT (s E)THiga 0r~0¢ 90TOdL
obe  L61 T6E SOT TS8 T8 L6C #00 610 8€I L8T +T0 6£T €90 110 9LE LTOL TSOE II'S $ST (Ml Hm B TRk o g 0€~0T SOTOdL
SS€  ¥IT 86€ SO L68 €6€ 967 100 120 +I  0ST 920 6£T €90 <TI0 TLE 8I0T 8S0f 80C €ST Sl E TR 0Z~ST Y0TOdL
19¢ LIT ¥t 801 9L6 €It €€ Tb00 TTO TSI 98T LTO Lv'T 990 +I0 8€ LFOT 910€ 60S LT Sl E TR ST~01 £010dL
SLE 19T 8tk 80T 901 90S 6€¢ 8P00 8TO +SI STE 8T0 €T 990 SI0 L8E €€0T L6Z 90§ 9LT Sl E TR 0T~¢ Z010dL
6cv 8yt 8Ty 901 STI $9 €€ 800 6v0 L¥I TSk 8TO SET €90 TTO 88E 166 868T CIS L8T S lEE TR $~0 T010dL
d S IN I uwz 94 np SH PO SV uN eN M SN e o1 v SIS C BN 2 wo/Z{kh &4

3)IS I YILI-3§ [ed1dA) 3y aedu sarjoad [BINIIA duwios wioay sapdures [0S pue Y04 Jo S)[NSAI [BINA[RUY € [qEL

EHWOHXE R EEY Z-HTEW I M=K M E e

http://geochina.cgs.gov.cn H1E LT, 2016, 43(5)



H43%: s

JBE SR TN B B WA K 7 X b b R Al 2 75 1799

Sed & /(mg/kg)

A

0 500 1000 1500 2000 2500 3000
BEE/m

Pl 5 i e T ( Se ) 7 i A (OB 28 bkt )
Fig.5 Se concentration variation in the typical soil profile
across some Se-rich rice sites
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