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GEOCHEMICAL CHARACTERISTICS OF SELENIUM IN THE SOIL-CROP
SYSTEM OF KESHAN COUNTY, HEILONGJIANG PROVINCE
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Abstract: Keshan County in Heilongjiang Province is the place after which the endemic Keshan disease was named.
By analyzing 809 topsoil samples (0-20 cm) and 205 deep-soil samples (150-200 ¢m), the paper studies the
characteristics of selenium (Se) content in soil and crop seeds and available Se content by different soil types. The
results show that the average Se content in surface soil is 0.249x107, lower than the national average and higher than
that of the world and Heilongjiang Province in Northeast China Plain, mainly characterized by Se-sufficiency, with the
area accounting for 93.95%. The average Se content in deep soil is 0.167x107°, obviously lower than that in surface
soil, with the Se-low and Se-deficient soil areas making up 62.62%. The Se content in surface layer of different soil
types from high to low is chernozem and meadow soil (the same), followed by black soil and dark brown soil. On the
contrary, the Se content in deep layer is dark brown soil, black soil, meadow soil and chernozem in order. The Se
content of different land use types show that the Se content in construction land and cultivated land is high, that in forest
land and water conservancy land low, indicating the Se content is obviously affected by human activities. The Se content
in seeds of main crops such as maize, soybean and rice is 0.033x10® averagely, showing the characteristics of low-Se.
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Se MTE A |« f 8 K 404 & 13 pH {E ki A HLE
RSB R 252 1 Se AE L &=
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1 AREXHER
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205 F. JIRAEM R SRR 3 10 KT S2RE S 24 1.

22 SHTR

THERZRE N Se TR R . ARG Se R
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Table 1 Topsoil Se contents in the study area and other areas

HIX FEREC  BIMEL0® HokfH/10° FH{E/10° brifE2e  ESEFREL(CV) Hrgofe
selll 809 0.098 0.460 0.249 0.046 0.185 A3
BRI 400 0.008 0.660 0.147 SCHk[19]
IR TLAE WA RO T e 0.204 CHR[20]
AR PEER 0.117 SCik[21]
ZRAET R 0.010 5.300 0.184 XHR[22]
R 0.015 0.540 0.108 SCHR[23]
R LR X 0.050 0.260 0.130 SCHk[24]
BRI IR IX 0.189 SCk[4]
A A 0.290 SCHk[25]
JIER ot 0.200 XHk[26]
x2 FAEAXBITEREMRE Se BE
Table 2 Se contents in surface soil and deep soil by soil types
RR: Sl Jita =5 FEAREL  Bo/MAEL0® FRAMEHL0® PIEA0C bz BRAK(CY) WERN wHERE
22X 809 0.098 0.460 0.249 0.046 0.185 1.491 BE R
WEARHE B A MK AR 40 0.11 0.33 0.191 0.04 0.211 1.098  HARD
RE EfL LA iAL 7] 258 0.14 0.46 0.254 0.05 0.200 1543  sREUE4E
B ke XA R 7 0.23 0.31 0.254 0.03 0.120 2016  TRFUEME
2t Rt 504 0.1 0.39 0.251 0.04 0.160 1.471 SR
2IX 205 0.070 0.340 0.167 0.037 0.222
Wk e A MR RE K 8 0.070 0.240 0.173 0.052 0.301
Wz Eat AN AL 7] 69 0.095 0.260 0.162 0.035 0.216
B klea XA SRR 2 0.087 0.160 0.124 0.052 0.419
Bt B AR 126 0.098 0.340 0.170 0.037 0.218

DR B iR N IE S0 A, SCP B E HHE B AR RE. 2)CV=0.5 FE 728 ,0.2<CV<0.5 4S8, CV<02 N0, 3) R EE
FH<0.6, KA B ETAL; 0.6<H 5 F 4 RE<0.85, KT T 0.85< T HE R < 1.15, BIARRE; LIS RE<1.50, L AT &5 15

HERB15, RAERIIEE.

TR E AL B RS R R R A ARRE. ]
rh, BRAT - R A R N 2.016, BEEH LI Se TR K
AT BEM IR E S, A ST %X 11 Se fr i
K.
3.1.3 AETHFIALEBETIERE Se £

I TR] A= b ) S 750 -39 Se 2 V- S 28 1k 75 R
TE 0.216x1075~0.266x 107, H: iy = FIE AT AR U e
T FH b > B 3> 5 > PR > K R b (35 3), SR 135

Se 74 5 ANFTE BB X R EY], NKTESHEL, Se
R X S R ABIET BR—EE
3.1.4 11 Se SEZRHIM

HR A - Hh 5 U BR AL AP B ) (DZIT 0295—
2016) 1 Se JLEK FF 41 SF P bR ffE FIE L ZEXT Se A2 AL
NAFFRAE PR 1 B A IERIE Se R EH.
LR ERAX TIHERE Se SRLER T, FEME
Se ik 93.95% (3 4). MA[R] L RAE B+ 8
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0.30 R3 TEFALBELERESe SR
0.25 L, = th ) Table 3 Topsoil Se content by land use types
= | 09 . = /| B | OEWME A
R . i g ol O ey 2
i o5 - - 1 BN
4 B e ) 20 016 034 0244 0049 0201
g Ll .
L 35 0.2 0.35 0.266  0.038 0.143
.03
boisi) 655 0.13 0.46 0.252 0.044 0.175
R " e e At 69 0098 039 0224 0055 0.246
- ; = . KB BOKFIRM 21 0.16 0.3 0.216 0.044 0.204
Bl 1 HHRZESHZ Se FradEIRIE
Fig. 1 Histogram for average Se contents in surface and deep soil H TRE L2 AR AL S AE sk i B 4 BLAT 93.95%

1—RJZEHE (surface soil); 2—IR)Z 13 (deep soil)
+ . FfLJEE Se IR, & Se F43G K 100% .
96.43%1 93.80% ; W5 Fi 45 /L Se H K 62.50% , J& T &
TE Se AN JEARE.

() 3TN Se Fr IR EFSOE &, AR 299 631 hm?;
Se B EVBRAEAN AL & 5.43%, AN 17 318 hm?;
Se T A AN 0.37% , THIFA 1 180 hm?; & Se #
i 0.25%, AL 797 hm?, va il B 3R )Z Se LR S

x4 AEKETIESe F2ER
Table 4 Grading and percentage of Se content by soil types
F = % I [ fugs]
+-35 Se AEZSAN KI5 Se Frit <0.125 >0.125~0.175 >0.175~0.40 >0.40~3.0 >3.0
AR Se R WIE Se N2 J& Se W Se Se &

X 0.098~0.12 0.13~0.17 0.18~0.39 0.41~0.46

FER AR 3 44 760 2
i {5 0.37% 5.43% 93.95% 0.25%

M pR e 0.11 0.13~0.17 0.18~0.33

FER AR 1 14 25
ok 451 2.50% 35.00% 62.50%

Fifi + 0.14~0.17 0.18~0.38 0.41~0.46

x)2 R A 14 242 2

i {5 5.43% 93.80% 0.78%

PR 0.23~0.31

FE A 7
i {5 100.00%
Bt 0.098~0.12 0.13~0.17 0.18~0.39

FER AR 2 16 486
it 0.40% 3.17% 96.43%
X 0.07~0.12 0.13~0.17 0.18~0.34

w2 FE 24 105 77
i) 11.65% 50.97% 37.38%
DAL 107
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Fig. 2 Evaluation map of Se content in the surface soil
of Keshan County
1=t 2, <0.125x10° (deficient); 2—1%%, 0.125x10°~0.175x10
(marginal ); 3—if &, 0.175x10°~0.40x10~° (appropriate); 4—H ,
0.40x10°~3.0x10 (high)

I ERE R Se %8 37.38%, THiFH 94 970 hm?;

ETE Se AN B Y 50.97% , TETFR 172 370 hm?; Se 6= /4
11.65%, 1A 51 560 hm? 5811 B9 2 4 3 S kb T
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Fig. 3 Evaluation map of Se content in the deep soil

1—Ht =, <0.125x10°° (deficient ); 2—ili

of Keshan County
%, 0.125x10°~0.175x10"
(marginal ) ; 3—ifi g, 0.175%10°~0.40x10° (appropriate )
RS TRBWEELERE Se @ BHHE
Table 5 Topsoil Se content by pH values

ey BAME BRME BWED . EREK

e n e O O DR gy, R
fRtt:  5.0~65 491 0.10 0.38 0.242 0.047 0.194
h¥E 65~75 265 0.14 0.46 0.258 0.043 0.167
kit 7.5~85 55 0.20 0.41 0.265 0.042 0.158
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Fig. 4 Box diagram of Se content distribution in topsoil by pH values
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Fig. 5 Scatter diagram of topsoil Se content vs. pH value
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Fig. 6 Scatter diagram of topsoil Se content vs. SOM
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HE oA s AR k. Se BTG L R B (B RS &
SagHAE) R 0.60%, WG HAL KT 28 I8 V148 s i
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2 Se LR A MBS

158 Se WA MR Z TR R LA EHRISE R,
Horp A5 R R A 3% pH A ML -1

L] +u Ha o 9 MRl 1

R IAT S5 d 2 A O 1%

445 pH 23 3 50 Se 1 3 P UM S FIK I
PEAREIR Se AURLIA S5k, BF9E X A HERL 59 R 1 (pH
K4 6.48 ), BRYE L3 R T Se (A5, HEHE 0 SV AT iR
18 (Se0;> ) 7E L3 Se MYTEZS BT (5 19 HL A1), {HL ST i i
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A7, DA T S 25 R AVT P A 0 A 8

TR HUTNT Se RIAEYIA SR IR Fi i 24,
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A Se X, HARMTA UL LI 5514 T B Se.

- SRR o RE A% LA TE A5 W% B 7 =X 2 Se, 1
BRI IR A B0 AR s 4
TR R R R , 0P [ 2 W R Se P RE F7 AR5 , 1T LA S 25
RAIG 35 Se AOAEMIAT 85 E.

FERHIRER o B 1) 3 rh, R 138 SR Az 24
il , T3 0 - 398 Se (ORI RUHE.

34 MELSeBE

NSRS Se FEoE AL EY, FFEH Se
SEEYIEE T Se FeALRY H BT, AR BT, AR
SYIHL Se A Se HREZ A AVEBIRAS, WEREYITHY
Se Fri/NTF 0.05x10°°, Fho i RS Se, TR T
3.0x107°, X2 A dg, il A n i & 0.100x107°~
0.360x10° Z ] ) AMFFRRAE T £k KT KFE 3
Rl EERIEY, 1T Se FH& 0514 0.022x107,
0.042x107° F1 0.038x10°, 3 Fli/EY Se & & F %Ky
0.033x107°, J& FIk Se H# (<0.04x10°%) , Ik F i &
I AVE I, R TR K R B R B AR
0.30x10°. Rt el B HOK (K E KA Se 75 12 I
8%, I I Al A 3R R AR QTR A 7 i

5

il

4 £hig
el B 3382 Se & 5F4 8 0.249x107°, 1%

%6 TEERESe iEAULSIE
Table 6 Available Se content in topsoil

Se LET & FE AL e/ IME e KAE FHIE bR AR FRB(CV) EILREL
4 Se FH/10°° 809 0.10 0.46 0.249 0.05 0.200
Se ARLA/10° 3 0.235 3.01 1.488 1.149 0.772 0.60%
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