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B4 5 AR IE R 0.008 ~ 0.660 mg kg™, SFHIMEK0.147 mg kg™, AR EAb T B K v 7 i -+
W, JL-T-AAEAE il e S a1 . R[] 2870 4 e b DUER B+ 5 il i e 41X (0.097 mg ke™') , TR
A (0.273 mg kg™') ; AfiFE LRI b R R BRI AG, tA DB N R £ B A
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0.012 ~0.631 mg kg'o YTAEN, H2pFr% 1 xR
TR LA RS T D5 B 8 - S T Z AT PR REAE AT 5T
6 A S N 0.204 mg kg, HLAMA L
JETARMX . B A ) %ok [ 2R A S B 4 S G
() 53 A R E BT 5% 4 Hh AR b7 TR A SR LY
0.010 ~5.300 mg kg™', P E0.184 mg kg™, H
RKZ LRGN, W2 LRI 32, RE
- G AR TR R I Y e R
fEo DA EHGEAR T XIS R — R 2R, W AR
il Fiilers 8 AL e VA e S EUSKINENUUE (310
R, AHETEE R AR AN R X A SR 25+
geon, BT HAMREENLR RS, A
B 7E AN [F) 28 0 e b (g S IR, O RTBAF9E g
B AR A (4 50, LA - AT A R B AR A
A A M BR Ak A 1 5% DA R vE B N A ft R 5 28 5
%ﬂﬁ“”o

1 MRS ITE

1.1 #HREXER

IRV N T ERARIHR (43°26' N ~ 53933 N,
121°11' E~135°05' E) , B HEFI47.30km?,
A E R SR 4.9%, N3 833N, &
BE AL 1178 7 km?, 29 5 4 [ B b 1 AL AY 9%
JE A E U . PRIV TR IR B 7 KU
EENSIRRRE G, AKE M. £ H R
2621 h, 4EHFEKESZ70 ~ 670 mmZlE], BIITH
Mo Mg A 2, FLH S g T MRS o L

(1) R, JLBEAYIEID B SE3476F
#1000 m, HHERAETREEAE . HEARL
MR ARE L o R H M MBI, P
270 ~ 400 m, +HEZ 1l M AR R /b 5 R 2R
5+

(2) /NLALEUE 1 M V8 7 A BT AN A L+
HERRIE T kEE . B4 wa | HE A
o REREMHEHEX, PR N647 miy il
RS, FHFEKE647 mm, 3% Jy 1l 47
BB AR, pHA5.0 ~ 6.0,

(3) kit : ik AW ZATWEH5E
IR, BWRaEREEZAET, BiRESRA—, 17
100 ~ 1 000 mzZ 1], 4EHJFEKES00 ~700 mm, +
FERRI DL AR IR R o F N S e
MEfEEL

(4) PAWCEIR . o TP, mmnie
VL. WO AR R e BRI B, M B SH R 100 ~
200 m, HHERAFEOHM AL B KNP+ K
bl £ %5

(5) =ILFR. BIEIL, B, SR
FARIE AN T AR O i 1 < A W 58 LI AR -/
BRI ZEAY, W50 ~ 100 m, 4FEHFEK R
570 mm, MFLHE, VLKL FREA, Bk
SR, KRAMEMZ N E M L MEEL, pH
}6.0 ~7.0,

1.2 #RFEESLE

F2013—20144F 0], X LRSS H 4R M X 5k
HAREMER AT T OPSENRFE., XMERE L
UMY 2 AR, AR R 220 cmik
b HAE, PRUE B R ORES), KBRAEG R
WRA AL P A2, IR 519 U Ak B 22 kg A,
HRAEA00 R FR)Z T ERE S s TS5 THRE YR
ERMATIEI, RN m, RARLE
JERFHUR ST Z 456 00 ZORERE M . B b, B
VEJZ P Rk, JEIB10 emF I R AE, <10 cm
HIFZA R, FESL R N2 ke/ify, R0
R+ I A & A B (n=71) o &
mlcs g, W, B, sl AN EfLE e e i s
M. REM TG RER L A%t B
Bt mERREE . RA L KP4 et Eoot
N SN TE % e w1 0L 1 e N ) 5 PN = s o
WL,

1.3 TIEBAMRNE

A A Al %) I SR A N IR 3R [ [ 5 A
B R MERT680-2103 ( HIEMULEYIR . M,
BB BB B I RE O T AR R T ek )
HEFEMHCI-HNO W i . FRECT . 3 i
(0.15mm) fHIERERR0.1 ~ 0.5 ¢ CREFZE0.0001 g)
BT R VUG S AR T P RE T XU R R
A6 ml HCIHI2 ml HNO,, #A7 JIZ 5 v ml fin s
FR SRt %, WH K TH o 9 E i A T i A
AR AR, —IF B TR A ( IR #iXT-
99167 %5 P41 2B BE GO I Al /2= UL ) P b, T
N2 mol L3RR Se® ik JF N Se* BEA T 5E .
A0 5 % S A & A — IOtk sk, AR
A SEAFS-230EXUE 2500, Rl R
40.008 pg g, AL [ M E K hREY R (15
GSS-10) #4745 Hr BT
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122°0"0"E 124°0"0"E 126°0°0"E 128°0°0"E 130°00"E 132°0"0"E 134°0"0"E
BT WF5E DX BCRAF 0 A &
Fig. 1 Research area and sampling sites
#1 TEMEXREBUMER (n=370)
Table 1 General physico-chemical properties of the soil in the research area ( n=370)
EERiIRT: RkL H kL ki
pH ( Hzo )
SOC (gkg™) Clay (%) Silt (%) Sand (%)
{4 Mean 7.10 25.10 14.61 57.32 28.07
ZZ i Range 5.08~11.44 2.45 ~100.8 5.93 ~28.95 36.71 ~ 80.07 0.53 ~56.33
bRifEZE SD 1.09 12.67 3.54 8.68 10.99
BREBCV (%) 15.37 50.49 24.23 15.15 39.14

TR AE 45 ( particle size distribution,
PSD) HIMalvern 200030 KL AN 5E 5 + AT HL
W (soil organic carbon, SOC ) FHHT 13001 30
E, AXES M EEHSE (Analytikjena ) 2 A A2 P2
multi N/C 210088 54 HLak/ 2 R A L 3EpHH
JTCOKIZHE, pHIlE; L3 5% (electric
conductivity, EC) H S E s SRR EEE
) A PR T LR
1.4 HiEamE

R MEG T T . Pearsondl 8T . &0

P14 15 FMicrosoft Excel 2016F1SPSS 19.0%5 %k {4
TE; M2 R ArcGIS 102804458 i i
SigmaPlot 12.7 2l i B145

2 AiRGiHe

21 BEXRIEARBETEWEE

R 38 L 22 U o R T 2 AR A R A
WA R4 . BAl 3 ( <0.125 mg kg™') . B
G4 (0.125~0.175 mg kg™') . H&H 1
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€ (0.175~0.40 mg kg™') . i+ (0.40 ~
3mg kg™') . WEMEIE (=3 mg kg™') , 4
HR2G5RIFVUFE M BITLE 4K 25 1 1%
(70.54% ) J@ T & i K s 78 Sl A+ 458 0 0%
28.38% M 1AL T rp AN & f K P, LA FEAE
T e SRR I (1.08% ) o XA HIE AT
SEEAEMNEE, GITRI3704 - HERE i A R
fH70.147 mg kg™ (£4) , ZEE40.008 ~ 0.660

mg kg™, MM TR AS D BT 4
e, 5[] AR A A K 58 0 AR A XL
5 900 5 SR Lo X TR L N, AR T
JEBE M X Y TP R
Y R iR ) R i 11 3 R s B A
5 b g 22 S R i T L kb FE A
VBT B 7 R A Y S ) A, AR R

e

®2 WMEEREHESAFREENXA

Table 2 Safety threshold value of Se concentration in topsoil related to human health

E% Senlz: e JE B i LYaIA PR LA il 3 A
Soil category Se concentration ( mg kg™ ) Effect Percentage of research area (%)
Bl Deficient <0.125 ik Z Se deficient 46.76
1% Marginal 0.125~0.175 WEFE B Potentially Se deficient 23.78
H1% Moderate 0.175 ~ 0.40 JETiSe sufficient 28.38
il High 0.40~3 HliSe-rich 1.08
it Excess =3 fifi 18 Se poisoning 0
*3 MRXS5HMRXTIEHEE
Table 3 Se contents in the topsoils in the study area and other regions of China
Hh X I {E Gl 27 3k
Region Mean (mgkg™) Range (mgkg™) References

Mg 7T48 Heilongjiang Province
A6 JF Dongbei Plain
i E A JtNortheast China
Wb, wE O
Zhangjiakou City, Hebei Province
HREER, sl X
Kaschin disease stricken area, Tibetan Plateau
Wwdeds, Rt
Enshi City, Hubei Province
JANLIEIES )
Fengcheng City, Jiangxi Province
F#sHong Kong SAR
1 [ K [ Mainland China

A World

0.147 0.008 ~ 0.660 A This paper
0.184 0.01 ~5.3 [10]
0.108 0.015 ~ 0.540 [15]
0.136 0.043 ~ 0.263 [16]
0.130 0.050 ~ 0.260 [17]
9.360 2.700 ~ 87.3 [18]
0.538 0.400 ~ 0.990 [19]
0.760 0.070 ~ 2.260 [20]
0.290 0.050 ~ 0.990 [21]
0.200 - [22]
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22 ERIEAAFRLEBLTIEMRST
MAEAFER LR R B2, BARIA
(BARFME, mg kg, F£4) . Bt (0.097)
< KA (0.099) <FFmARE (0.121) < BES
+ (0.123) <H¥+ (0.139) <2+ (0.140)
<Mt (0.147) <HFEL (0.156) < KEiEiE
(0.175) <¥m+t (0.273) . X—WFRLEREH
Az F Hidekazu 0 B SEAR—, Bl T8
wmAEEAREMAIR, RES, RAKRICE
i, AR TR ER SV AR R . 22 R
U e L& it e TR X A A R (p
<0.05) o FEFTA LA mE AR RN & AR Ik
TR R (69.64% ) , X H FHREAFE X ML &
%, RAIFRBERK A —, mZz gl F -T2

HEAb, MR R AN A E B N
Ro MEARWUIFEAII0M 22 (K4) , Ve Ll
TR, X BT AR A B AR R
AR Al e S A 2o A rP g 8t 0 0 Ay LA R Y, LA
JEAATE 3t 2 URRAE & B T ) L JZ= v o i A ) £ 5
KT BER AR TR R 1R R L, R
H T T Na ™ BfE S B S AR, TR
AR5 s b Ah, FRAE B B p HAE S 5 6l i R
KAk, DTS INAGAE PR RSP L KU
YO R B JBUR T TR B8 A = ey T R A L5
FRBR T RS R R R R B[R] 1
LT, AEFEA LB & B, A S,
f . BRb . R R b R R A B bR
RE IS TR R B R Y, A e

FEVE, (502 - S 55 A 1972 7 A K s

R4 BRIAFFEBETELWMOH

Table 4 Total Se contents in different types of soil in Heilongjiang Province

HAMUFCS E R (E2) , X5 EmRD

+ e B RE BT FEAREL I + bR AE AR 5 R AL
Soil type Parent material Samples Average + SD Range cv
(n) (mgkg™) (mgkg™") (%)
EAN TGRS 8 0.097 = 0.05 0.025 ~0.171 55.74
Saline-alkali soil River and lake sediments
Wt AR, o) 5 0.099 + 0.05 0.036 ~ 0.156 48.48
Sandy soil Aeolian and alluvial deposits
EF Akt A b AL A ALY 12 0.121 + 0.06 0.014 ~0.210 48.60
Coniferous forest soil Granite and basalt detritus
PRAE A+ KA XA . IR 17 0.123 = 0.03 0.081 ~0.181 22.73
Chernozem Volcanic and sediment
M+ T TR 18 0.139 + 0.06 0.029 ~ 0.265 40.01
Lessive Fluvial and lacustrine clay sediments
B+ B AR 164 0.140 + 0.08 0.013 ~ 0.475 56.65
Black soil Loessal parent material
Hif - R BEAR 65 0.147 + 0.08 0.008 ~ 0.374 52.17
Meadow soil Alluvial and deluvial deposits
HET R R Tl w1 5 0.156 + 0.07 0.063 ~ 0.220 44.58
Swamp soil Fluvial and lacustrine clay sediments
I A g A Ep ey LR 7 70 0.175 + 0.12 0.039 ~ 0.660 69.64
Dark brown soil Granite and basalt detritus
et TR 6 0.273 = 0.01 0.256 ~ 0.292 5.01
Peat River and lake sediments
A3 Total 370 0.147 = 0.09 0.008 ~ 0.660 58.99
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0.7 r
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W4t Se content (mg kg™)

A HLER A Bk SOC content (g kg™)

0.7
x
0.6 *
x Se =0.005 7= Clay + 0.064 4 (r=0.231%%)
05+

Wi it Se content (mg kg™)

30 35
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0.7¢
x

— 06f *
s x
=Eﬂ 0.5+ N
g 04y X X Se=-0.0173x pH+02703 (r=—-0217+%)
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2 03f
&

02}
E

0.1}

0.0 !

K2 BRITARIZLE (n=370) &S S5AY . FORApHAY AR
Fig. 2 Relationships of Se content with organic carbon, clay content and pH in topsoils of Heilongjiang, coded according to soil types

(n=370)
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a5 IR AE R B, BRI AR S R R
A B R R A M E RS XA, (Bl TE AR
TR & TR AR, AR XSS, R
SR, - 5Erh a3 SR AL Y e RIS AL
IEBEKFE B, REE SR FEAL, HAMIE SRR
e 100G BT A3 o At 5 T G 1)
%, FMABEMXH O s, REMRILE R
(A R 7 2 T B R 2 RUSARIE L LA, e
AR RN R B AR A st 2 2 W M ERfb 2= 1)
FEARIR SN Sy, v A A K R ARG, Xl
1E 2 BRI VTAR A 4 I A 1) 32 22 P
23 ERIETEIImWES S

Bl 7 - S 3 1 b B o0 A 52 Z R0 I R BsE e, K
HTar A (1) REH; (2) LR EP Rk
WAl (3) DERER; (4) BWEHH
25 (5) JREM, WERSHTLIEH : BTy
T A M T PR ) o AR AR LR R, Bk £
SR BE B 3G I ok BE AR A D EUE TR 43 A
LI (e BN A N K (TS 4 o | A s S 1<% o
WA HCEE B W R0 R AE R A, ng Ak T
TR DA A . BT R L BRA A A
P a7 i UF 3 Sk o N

Bl 75 350 T B SRR AR R — s KA R AR
YNBSS TR PE IR R SR EE R . T8, 2F
T 5 11X PR A S — i S TR M 3 TR R ) 1 0 A
fiEe JEF R —REm L3, EHEA PR (SOC) &
B A S — e T . RS LA
- HESOCTE T Ay 43 A L ARl , B4
R T ERBR MG . W21 & kR
- SRR 5 4% T 4 I 3 A A o 2 5 ok S AL
Gt 684 KE il & 1 5 HHESOCZ [H] S M B 25 1Y
EMXEFRZE (r=0.407%*, n=68) . HULAT W, +
HESOC T HEXTGAE L3R h i o 5 RS T
ZOCHEEMMEM . T RN Y0 - R A 2
TIREARB MM 2, R A AT AR T
2 PP S AL, N B AR A s T
P2 P IR A, (R OC R S T RIS B K
) FAEAS, I 7E AR b M XA )0 + B4R T4 A JF N
Z 0.
24 EHRIEAAFRRELIERST

R AN R R R X 22
F,OW EANT KR 2E R AR E K, NS L
A MR A R T A X (p<0.001) .

HIERMA (BARFHE, mg kg™, £6) : K
MZIWEHIX (0.115) <AMCFIR (0.131) <=
R (0.137) < Am#Biliis (0.137) < /2%
ZU i (0.198) o Forfr, T AR P L b 3
MR 2, AN IR X R R, ik E
62.96% . MTEANFATE o, TS =R
BRI 2ERIE (%6, mg kg™ ) @ KOLLIBITH
X (0.115) < KK (0.122) <A (0.123)
<HSHL (0.128) <FFFMIKR (0.129) < W/RIE
(0.129) <3875 (0.138) <%k (0.142) <EH
W (0.144) <X (0.148) <#954 (0.150)
<% (0.188) < Bim (0.228) . WL R K
B, RIS AT X AR PR (3 26 b X 46 Bl
S U4 e w1 2 O e o A e o T (A
0.175 mg kg™, J& TG = X ; HAthdth X & T i v
TEGRZ I MR T S0 ET (iR E ) i
G 5 A, 7 22 3 B B ol - S 4 )
WEETEEHAMMX (p<0.05) , XA[FEHK
T30 b DX I 0 A A . AT X 3
G (4 728 53 R BUAE 17 % ~ 66% 2 18], Ut Al 25 0 A
ALY, AR — R332 N R A0l i 35 ma AR Ak L L
B, BRI ) 1 S S ) N R,
R4 120 o USRS TRl (£ LLSe0™ T
KRAFAE ) B mFE R A LA B L+ Tk, Mg, £
ET R LS b AR e 7RI, A S
R F R EHET (RBEEEX ) o LS E
BT RENAE SR K (66.03%) , X1]
e 5 ANFIEsh B LS HHE RGP LTS R L
BN AT S TR R A X
25 FMTEWRSERTEHNEERR
MRXERELEMSES LIESOCHF
e R RPN R EWIEMKERLR (r=0.309,
p<0.001; r=0.231, p<0.001) ; T+ S5pH
[ AR (r=-0.217, p<0.001) (E2) .
A A S R RO R Y,
pHJE HHEREAE R Z —, R L5 &
BHE ., REWIERB, T HEpH ] LU i fifi 75 1
R AT AR A L 25 A 30 G g R R ]
I, 2k A 24 ) - Ep H AT LASE I 3 i g
AL, H4epHBm, ffaY FF S 1l D3
AT 7E L R B RSP . T Goh Al Lim ) A 43
i i i AT 4 5 IR 4y (Feo ALL CafIMg4%
BT MW R R . ARSI RS R S
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xS IEMSHNRELTRIE PSS

Table 5 Distribution of Se (mgkg ™) and SOC (gkg™) in soil profile ( n=21) relative to horizon depth (em ) and soil types

T e X 5378 R fill + A LK
Soil type City Horizon Depth (em) Se ( mg kg - SOC ( g kgil )
SEUISE &N W IR I A 0~ 40 0.219 7.74
Upland lessive soil Harbin A 40 ~ 50 0.117 1.20
B 50 ~ 120 0.205 5.07
C 120 ~ 0.149 4.66
Hif H L A A, 0~ 40 0.286 17.85
Meadow lessive soil Jiamusi A 40 ~ 55 0.275 4.66
AB 55~90 0.309 6.76
B 90 ~ 0.276 11.6
I A 1 W IR I A, 0~15 0.186 15.73
Dark brown earth Harbin A, 15~ 50 0.118 11.26
AB 50 ~ 83 0.07 2.1
B 83 ~ 0.112 3.93
FIE AL PRI HPHT A 0~7 0.144 25.55
Albic dark brown earth Mudanjiang A 7~ 14 0.143 23.04
A 14 ~33 0.149 19.08
BC 33 ~ 0.123 12.36
W W W IR I A, 0~20 0.124 62.06
Gley dark brown earth Harbin A, 20 ~ 60 0.088 31.96
B 60 ~ 80 0.099 15.52
) A ] A 0~33 0.19 19.03
Meadow hrown S()il Heihe AB ';'; ~ 76 0]57 572
B 76 ~112 0.163 2.31
TER L a4k A 0~51 0.291 25.22
Shale black soil Suihua AB 51 ~85 0.617 13.13
B 85~115 0.477 19.51
C 115~ 0.314 3.68
HIK AR L W IR A 0~ 46 0.265 25.8
Albic black soil Harbin A 46 ~ 58 0.117 33
B 58 ~90 0.153 2.74
C 90 ~ 0.112 1.53
Ff Rt A A 0~15 0.165 9.08
Meadow black soil Jiamusi AB 15~ 50 0.124 1.99
B 50 ~70 0.045 0.23
C 70 ~ 0.051 1.23
BRA A ] A 0~30 0.171 20.54
Gravel bottom black soil Heihe B 30 ~ 74 0.233 5.19
BC 74 ~ 130 0.197 3.79
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T e X 2379 W i A ML

Soil type City Horizon Depth (cm ) Se (mgkg ™) SOC (gkg™)
iRt A A 0~50 0.198 33.11
Shallow black soil Heihe AB 50 ~ 80 0.253 33.01
B 80 ~ 0.213 12.53
LI BEFUR L Lon) A 0~24 0.155 15.04
Black soil derived from red Heihe B 24 ~ 49 0.076 513
clay C 49 ~ 160 0.165 1.02
e - A A 0~30 0.285 21.5
Meadow soil Jiamusi AB 30 ~55 0.276 18.86
B 55 ~100 0.171 10.41
C 100 ~ 0.06 2.13
AR Z4k A 0~19 0.195 13.71
Calcareous meadow soil Suihua AB 19 ~ 61 0.054 323
B 61 ~ 0.037 1.37
AR 1 iR A, 0~20 0.23 48.46
Gully meadow soil Yichun A, 20~110 0.2 31.29
i) S5 FFMIR A 0~34 0.134 11.01
Meadow chestnut soil Qiqihaer B 34~ 67 0.069 5.95
BC 67 ~ 101 0.069 6.93
C 101 ~ 0.061 5.65
RGN ROLAZ W Aq 0~11 0.106 76.92
Brown Coniferous Forest Daxing’ anling A 11 ~ 34 0.463 14.34
B 34 ~ 82 0.187 5.12
C 82 ~ 0.158 1.92
KR - S| A 0~54 0.169 31.66
Volcano ash soil Heihe A, 54 ~ 108 0.145 22.72
BC 108 ~ 0.148 27.77
BTG XD £ FHIEIR A 0~13 0.083 8.52
Aelian sand chestnut soil Qiqgihaer AC 13 ~ 38 0.055 1.82
C 38 ~ 0.04 1.67
B )+ 24k A 0~23 0.069 2.13
Meadow saline soil Suihua AB 23 ~ 55 0.056 1.84
B 55~106 0.041 1.91
5 5 A B FEPHT A 0~21 0.13 18.46

Calcareous Lithosol soil Mudanjiang C 21 ~ 0.026 0

e Ag: JEFR)Z; A WIRE; A WIBREL; Ay WEIE2; A AXE; AB: J¥E)E; B: ERUZ; BC: H)E; . #F
JZ Horizon: A,: Humus layer; A: Leaching layer; A,: Leaching layer 1; A,: Leaching layer 2; A, : Albic horizon; AB: Transient

layer; B: Deposition layer; BC: Transient layer; C: Parent material layer
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Table 6 Total Se contents in different types of soils in Heilongjiang Province
1T KL A 75 P22 5 5 AN il J52 17 2
City Samples Average (mgkg™')  Range (mgkg™) SD CV (%) Se Effect
KLU Hb X 16 0.115 0.014~0.210 0.06 49.69 Bl Deficient
Daxing’ anling region
KHKDaging 31 0.122 0.025 ~ 0.204 0.04 35.76 BiAfiDeficient
fEAH Jiamusi 25 0.123 0.028 ~ 0.286 0.07 60.09 BRAfDeficient
#t 1T Mudanjiang 12 0.128 0.039 ~0.218 0.06 43.47 1% Marginal
F5 IR Qigihaer 57 0.129 0.030 ~ 0.475 0.08 61.22 1% Marginal
M /R E Harbin 64 0.129 0.013 ~ 0.383 0.09 66.03 1% Marginal
X P Jixi 10 0.138 0.043 ~ 0.265 0.07 50.21 1% Marginal
224k Suihua 53 0.142 0.036 ~0.314 0.07 45.86 1% Marginal
£ G Qitaihe 4 0.144 0.099 ~ 0.190 0.05 34.38 1% Marginal
XU 111 Shuangyashan 15 0.148 0.008 ~ 0.282 0.08 56.84 % Marginal
# 5 Hegang 10 0.150 0.109 ~ 0.180 0.03 17.84 1% Marginal
4 Yichun 29 0.188 0.093 ~ 0.398 0.09 50.17 125 Moderate
B[ Heihe 44 0.228 0.097 ~ 0.660 0.12 54.24 H1 4 Moderate
Bt Total 370 0.147 0.008 ~ 0.660 0.09 58.99 1% Marginal

WL AV A, B - p B R, 338 v A A 2%
Sy B R SO BN, MY Rk . R
WAL AR S AE AR Sl e, T =B TRA
W5

Shand%§ 3" LI N WangHIChen RGN R
5 b R EERAR 45 A Y RS R A AL K
A O T R A ROR W, A 3 P % R X
AR EEEN, S Eile, HEARIE
PERGT, B A R I Y O, AR SO E SRS
REASZYE (£S5, B2) , WREBEILEEL
JZ R IESOCHRRL S 54 7 5 B AR 2 B A O
o EAFEENE: X F21E i w72
Ki . pHAE AR TE bR AW e L E 55 A 5 R 2 (E] Y
KEFARE, MR (R5) ohrhif R L.
PR, AT SN by 52 0 PR VAR ) T A S 5 e
i FEHE R LSOCT . 25 1, HISOCH
B0 Y op L 4o W =3 71 i e 1 1111 B DL e w4 1<)
oS E RS T YCE R AR, X AT REE B
FF5E X ELAT Rt A - AR AR S & S AL £
g, LIEAPLA S PRI Z LS A UL S P as
G AR, HHESOCTE AR 0 W B A ok
(g B AE ) 7 AR TR D BB, A S T ARG )

—ARRIATR T, RERBIEOR | R R
T BOT BT A A RO R 2 A LS e PR RN
v

i

3 45 &

eI AN AR IE 0,008 ~ 0.660
mg kg™, FHEH0.147 mg kg™'. 4 REZH+
e (70.54% ) J& T G0 B2 0 E S - 1w
28.38% 1 1 AL T S AN i KO, LT ANRAE
Al SR (1.08% ) o BTREITA R
G PR — KA, T L R A A1 it ik ES 4R
Y AR R A I AN . AR RIZER L e L
b AR AR (0.097 mg ke™') , WUESE R
(0273 mg kg™ ) 5 fififE L HEHI I h R R BLK
BRI A, A /0 B BN 4 A B RO - R AR
AU A5 5 AR X DL RS2 08 i X R Fe % (0115
mg kg™ ), /LW IR S (0.198 mg kg™')
RTFATFECTT AR DLW X fe ik (0.115 mg kg™ )
M R f e (0.228 mg kg™ ) o AR K[43
T LW E RS AL, Bk SR A
W AR, HSpHEM B FEAME, B
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Distribution of Selenium and Its Influencing Factors in Soils of Heilongjiang
Province, China

CHI Fengqin" > XU Qiang"" > KUANG Enjun' ZHANG Jiuming' WEI Dan' SU Qingrui' HAN Jinze" *
(1 Soil Fertilizer and Environment Resources Institute, Heilongjiang Academy of Agricultural Sciences, Key Laboratory of Soil
Environment and Plant Nutrition of Heilongjiang Province, Harbin 150086, China)

(2 College of resources and environment, Northeast Agricultural University, Harbin 150030, China )

Abstract [ Objective] Heilongjiang Province is the largest grain-producing province of China,
and sits at the starting point of the Selenium ( Se ) -deficient belt of the country. In the light of the physical
conditions and soil distribution in various regions of the province, agricultural soil samples, representative
of the regions were collected for analysis of Se distribution and exploration of effects of soil physic-chemical
properties on it, with a view to providing some providing scientific bases for the survey of environment
background and the study of epi-geochemistry of soil selenium as well as human health. [Method] More than
400 soil samples from the topsoil layers (0 ~20 c¢cm ) of farmlands all over the province and 21 soil profiles
of the major types of soils samples (21 of the province, together with 71 soil samples from genetic horizons
of the profiles ) were gathered and analyzed for content and distribution of soil Se and their relationships with
soil properties, such as pH, SOC ( Soil organic carbon ) and PSD ( Particle size distribution ) . [Result]
Results show that the content of total selenium ranges from 0.008 to 0.660 mg kg™' with a mean value of
0.147 mg kg™, which means that on the whole the soils are in the category of Se deficiency or potential Se
deficiency, with little in the category of high Se or excessive Se ( Se-poisoning) . Among the types of soils
existing in the province, saline-alkali soil is the lowest in Se content (0.097 mg kg™') , while Peat soil the
highest (0.273 mg kg™ ) ; In most soil profiles Se accumulates mainly in the surface soil, and declines
with soil depth, and in a few of them, Se distribution displays two peaks or one peak in the subsoil layer,
too. Among the regions of the province, Daxinganling is the lowest in Se content ( 0.115 mg kg™ ) , while
Xiaoxinganling the highest (0.198 mg kg™' ) . Among the administrative regions, Daxing’ anling is the lowest

(0.115 mg kg™ ) , while Heihe city the highest (0.228 mg kg™' ) . Correlation and regression analysis shows
that soil Se content is significantly and positively related to soil total organic carbon ( SOC ) and soil clay
content, but negatively to soil pH. [Conclusion] So, SOC content, clay content and soil pH are the main
factors affecting selenium content of the topsoils in the studied area. Besides, soil parent material is also an
important factor affecting the distribution of selenium in the soil. Whatever, SOC content plays a crucial role
in the distribution and accumulation of Se in the profiles.

Key words Soil total selenium; Distribution characteristics; Soil profile; Soil organic matter;

Heilongjiang Province
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