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W OE: REAEILRETMNTARESKEMAE, EEERREZEYIR, DOz X e OmTs, M TaEa . K.
e BB I MM, WY T MR SRIR . A R R B . 4R, S EINEY 0.28 mg/kg, DUREHHENE,
BT A EIE R 15.03 pg/ke, BRUEHERN 5.70%, AR G252 & e 2 B B, Aails 28R 0.035 5 mg/ke,
555 R Y M i L IR A, MR AR S b pH MR R E IS, SAMUR G IR W A AR
HE LIRS E R REAME., KEMBAMMSEYMEA 1.77 mgke, FETFEE R 028 mgm?, F2TIEMNERER
0.000 9 mg/kg, AFHEKHRN 0.33%, & PRREREE A X LI & oK EEZE RS, R B et g froomk, +he
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X W, BHE; ARfREhE; KR
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Sources, Availability and Influencing Factors of Soil Selenium in Carbonate Rock Area of

Central Shandong

JIANG Bing', WANG Songtao'?, SUN Zengbing'", ZHANG Hairui', LIU Yang'

(1 Shandong Provincial No.4 Institute of Geological and Mineral Survey, Weifang, Shandong 261021, China; 2 Key Laboratory
of Coastal Zone Geological Environment Protection, Shandong Geology and Mineral Exploration and Development Bureau,
Weifang, Shandong 261021, China)

Abstract: Carbonate rocks are widely distributed in the southwest of Qingzhou City, Shandong Province, which are an
important source of soil parent material. Taking the soil in this area as the study target, selenium (Se) in rock, atmosphere and soil
as well as soil properties were analyzed. The source, availability and influencing factors of soil Se were studied. The results
showed that the mean content of soil total Se was 0.28 mg/kg, and most soils were sufficient in Se. The mean content of soil
available Se was 15.03 png/kg. The mean effective degree of Se was 5.70%. Available Se was significant positively correlated with
the total Se. The mean content of rock Se was 0.035 5 mg/kg, which was significant positively correlated with the corresponding
soil Se. The contents of soil total and available Se were significant negatively correlated with soil pH, and significant positively
correlated with organic matter. Soil available Se was significant negatively correlated with clay content. The mean content of Se
in atmospheric dustfall was 1.77 mg/kg, the annual settlement flux was 0.28 mg/m>, the annual increment of Se in the surface soil
was 0.000 9 mg/kg with an annual growth rate of 0.33%. The content of soil Se in the carbonate rock area of central Shandong is
mainly controlled by the parent rock, followed by atmospheric dust. Soil physicochemical properties also have significant impacts
on Se and its availability.

Key words: Selenium; Soil; Carbonate rock; Atmosphere
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TS EREEY, BRI b I
FEORIENY . RHORY BRI AKX, TR AR M
EREFR A RGN R S A7 AE 3 M BRI 22 30, BT
XX FEIRHLEI AT T — Lo 1 R ] X 43
TG R RS DR 38 T 25 5, T 8 vt DA 7R
RABESE, ZX ORI B AR IR | B Rk
MREh ey, ARSCLIZIXC A AT . KA BRI B 5E
XA, VLS A oA R T A S A
BRAUTH TS AR T A0 FR R Al X 4
55 R - SRERVAT AR PE e, S A il ) A R AL
BIFFE AT A B (SR Al A 3l

1 #MRETE
1.1 FFRXHEER

ST XA T L 2548 7 P T 04 g 0 HP 6 L B P B
X, EETREEN S, W, }aEd.
Ja AR AT IR KB M 2 KU, A AR U
YW, ETFHREEKE 697 mm, 4EFHIELE
1535 mm, 4EFHR 12,7 C. HBEE, REE
L Fr b X BN B, B BE 38, #FH 3P
KBRS =, flb A= A2z, i P L.
WA T AERERR ., BERNAKE . Ao
o HCHERIRER A, A A BT R R .
HaA%, WDl &, Wb iss
KAePr CaO W& EEE ST SiO, &, CaO
FELRIRER L AFEAE, B0, AT
MR ER A X, RHER BT . i R E R A,
LA By v 5 B A B TR AR B 5% - R, 2
IR, SERTHERUM S, BRA S aRE, RHEK
RO o NS B . BERRS LB S A
B, B BE TR B, Bz LW ACE MR
TRZWEAK, THZ L, i ar A
HOR R A B A BRSO L RS L TR OB O
MU R, BiHLZ Rt Ry
J& T 1.

1.2 HHRRE

AR IR AE L HERE S 100 14, kRS 55
i, RAREARER 17 (R(& 1), TR CREERT, B
AR S5 1 VO R R S 30 ~ 50 m BfSE 3 ~ 5 AN RER,
SREEREE 0 ~ 20 em, A0 RSPk R R L B, &
WEZY, SRR —MRARE, FLMRS), Wk
B 1 kg AT MARAS . 45 3R S5 VB T 1)
- 50 m SIS BRI HR AT, WER A 2 SR AR XS

SR AR B AR R R R R AR
SR, MERRT 1 kg R REE SIS
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2015 (XA S ER AL A PN LTS ) DAY, ik
JAWIN 1 a.

LN
{mf%i 0 25 Skm
IECESIE R [ ]Ek- R

i 2 Wk 7] s s sk ] i
(o | sy [ o | Lo s [ = ] kaped st

B 1 REER RS
Fig. 1 Geologic sketch map and sampling sites
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SRR ST B i, 2R DD2005-3 (AR A b
BRALF VR RE S AT B AR R GRAT) ) VA TRE A
SR AS [ A 5 (86 25 R FH R 2 15 vk
FE, AR 0.1 mol/L B — A MR, R
ALY kAR 9 g I s FH R A i
(CEC)K H & i e A8 #3022 5 A7 HL IS SR FH Vs
PR TR PR AR LI E 5 <0.002 mm KR H
FEEE A 5 pH SR FH 3 35 rE AR R 2
BE SRS ORI 100% 1 1 5% 4 e B R
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B — AR ER) T AR X BR o (R 22 RSD 341/8 T 0.08,
FRFFE SR IETT 100% 58 0T T3 AI R 22 RE 24718
T 30%. AR S T A SC R B K
1.4 SWAESHELE

140 KA REAA TR A WEITIX N 2%
KRB R THKE, 17 NSRS N
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_ Cran X W

Mfall_ S (1)

K Mo A AYAEDTRE I B (mg/m®) 5 Cran AR
Al %) 5 2 (mg/kg) 5 Woean A HEAEL H B 0 BT & (g) 5
Cra* Wean TR E M B A PR AR TR B (me) 5 S HE
AT YR T AL (m)

1.4.2  FEARRENRIZ LI ERS R11HA H
TR RN R )2 TR & A, Rk
SRR LERIEAE 0~ 20 cm RZ I, HEAEE
Tl 70 2R R 1 2800, DR R A S B0 3223 T TG 1Y

LUKEE: B rhERIRE S X DRI . AR S R R 843
GRS AW

ACSe=ﬂ 2)
pbxh

AP ACs, Ry B o il A AF i (mg/kg) s M
Sy il 6 2 A AR DL B (mg/m®) 5 pb N HIERE
(g/em’), BFFEIXNEL 1.5 g/em’™ s B Jy 0 ~20 cm %
JZ IR, B 20 em.

1.43 #dEkbE SR IBM SPSS Statistics 22.0 4k
A 3 LR S AL HE AR A IR PR G T R AR B
Z[a]fY) Pearson AHICHESM T, KM Microsoft Excel
2010 T/ XUAR 5 A4 AH DG I

2 HBR509%H
21 TiE, 2R, XEBRASEFEMTHRIHAES
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(01D s e T I w2 S (LN SR TN 2 M
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Table 1 Descriptive statistics of Se contents and soil physiochemical indexes

Eizg ) FEACKL BRME f/MAE A it 22 5 R AL
4 4E 4l (mg/kg) 100 0.65 0.04 0.28 0.12 0.41
3 R (pg/kg) 100 40.00 0.90 15.03 6.88 0.46
A (mg/kg) 55 0.12 0.005 0.0355 0.023 5 0.66
R 212 fifi (mg/kg) 17 2.53 0.65 1.77 0.53 0.30
pH 100 8.47 7.19 8.13 0.19 0.02
A HLI (g/kg) 100 59.20 3.40 20.36 8.86 0.44
Fhi (%) 100 24.35 0.71 4.69 3.74 0.80
CEC(cmol/kg) 100 29.69 7.76 17.58 3.80 0.22

2.1 RHEAE ERE AR AR /IMAE - A A5 47 K S RN AT AR 4 A R AR B L A

A 0.04 mg/kg, KN 0.65 mgkg, trifEZEN
0.12 mg/kg, “FREECHN 0413 1), BT HEEEZS,
25 (Rl A AR5 o Al S I E R 0.28 me/kg, %
IEF4AE 5 A FE 029 mgke!"?, BEST
IR FRZEHEHAE 0.18 mg/ke", G DZ/T
0295—2016 { 1 Hb 5 12 M Bk AL 2 E M B8 ) U8y
IR e, GRS R R LN 2,
Ho RS Z, 68 4, MiEdfh., %,
BZ REARZ I 13450 1040 94, AlLFSY
XUPLVRM A3 F, AR IR0 .

2.1.2 LA B i RRAE MoTRE L IERAH
ZMWAAEES, BHE SRS BRR 26, nT Y
W SR L B3 A0 B A ) AR R, +
BRI S KBTI o0 FKIE S B TS IR TRER S |
JERRRES . B AR . AL A S kil A E,

TR AR 57 B AT HLA /N3 F-400 0 9 X - 4984 20
HEHR/IMEHR 0.90 pg/kg, e R{AH 40.00 pg/kg(F 1);
AR AR 15.03 pg/ke, iz H 6.88 ng/ke,
BSRRECN 046, JETEEAS, SRISAAEL],
MG P19 - 35045 3038 (T A58l 55 4G L AED) Ry 5.70%, fIRF
A4S 22 A HERY 9.69% POV 1L AR 48 6 1R i 1 o X
EAAO M IR 10.16%2, W s T T
*2 TEWESZHXS

Table 2  Classification of soil Se

TS5 2% 15 (mg/kg) FEAREL(T)
i 5 >3.0 0
(20 0.40 ~ 3.0 13
A 0.175 ~ 0.40 68
h%% 0.125~0.175 10
= <0.125 9
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X e 5.63%, 3 TR T A TR T 4
HE) 1.66%%,

213 CHAMKARERMS EEE A A
4 0.005 ~ 0.12 mg/kg, FHI{E K 0.035 5 mg/kg(E 1),
KT A i, AT B N e A T
1 7.89 1 o ARl & i i T AU At RV I A i e -
PR EA1 0.016 mgkg, T HAK-—EFR . Y
ZAAM 0.07. 0.057 mgkg®, S5ILZ%A 23
KR 006 ~ 0.18 mgkg . £ K A AU 0.04 ~
0.06 mg/kg® 122 HIAK . KA &= R 0.65 ~
2.53 mg/kg, FIIME 1.77 mg/kg(FE 1), mm T g4
Al -2 0.28 me/kg, i 6.33 475 BAE LT RH:
HIPERE KSR 4.95 mg/kg!"FIA 580 T BEK X
KRR 5.09 mg/kg®),

2.2 TEMBSKRIES

220 RS RHERS S R A
ERBEIEMCE 2), HIXHRE r=0.492(n =55,
P<0.01), FW LM EAKFZETRERA. &
AR S E AR T I P A I, M2 1
MEREER 1), Eaakb, RS f, m)
FRER RS, S EURALTE B R R | i 5 5
ZERIRKPT ) R e 2]k 90% LI LM, BgR
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JCE R 2 | I 5 3 A LSRR B SR Bk
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Fig.2 Correlation scatter plot between Se contents in rock and soil
AL ) A H AR ER
222 RAMEAE W XARTGEBEED .
TP Tk krlT, e . Arikber= A gk, L
KTl A = = A Al Ry 2R ¥ s it AR, BRI R
SRR TR SR AT 2 X 5 . IR KA
DOy = wk A T T 10 A B R TR BT S TR
R S8 R 2 R AE R i, 25503k 3 R .
Rl 7 B AR 0 T R A S KT, A
FRFULRE B, AAEDIREE N 0.14 ~ 0.40 mg/m?,
SEHN 0.28 mg/m®, H ARSI I BT
i RS- T S R R o - A A EL B B R Ok
90%, 2 HEA Y S FH AR, A 04 4 0 R 3
M 0.238 mg/m?, WA FHFFEIX . BF5IX B2k S8
)2 - HERM () ARG H T4 E R 0.000 9 mg/kg, AEHE
KRN, YRS S B E W
0.33%, METEARARWERAF BT, HK
SRS A AR AT Z M. L5, K
AR 2R 2 AR (1 T LA AT o

*3 KERBRLETRFESH

Table 3 Characteristic parameters of Se in atmospheric dustfall

ZH KA /M P {E FrifE
il & 8 (mg/kg) 2.53 0.65 1.77 0.53
Wb B B () 5.65 1.34 3.12 1.33
AEPIE R (g/m?) 319.89 75.69 176.75 75.00
8 4 4F T4 3 H2E (mg/m?) 0.40 0.14 0.28 0.07
I 24 S B0 8 A 1) 47 1 1 (mg/kg) 0.001 3 0.000 5 0.000 9 0.000 2

23 TEWMMIMER

h FF5E X B Rl TR kR SR & AR =, X XUk
YEF AN A 1 R AT 2 i s, XA B i -
R, 7824 A ) A T R E T 4
B RS 1 L ER T2 1R FH T, DLBRBR R B A 1Ak
RSN, DR LA R (Y A B PR R
AR S e AR M IR A DE T (R 4RI,

+1E pH 54Mi(= -0.218, P<0.05). A (=
-0.270, P<0.01)F &2 BEAMC, AR SRS 4
fifi(»=0.501, P<0.01). A&LA(=0.510, P<0.01)7% ik
EEEEMG, NSRS A S &=
—0.259, P<0.01)E R FEMAH, 20, A% SES
FHES 7 Ac 4 i (CEC)RYAHSCHEARN 2 . Si5h 2 5 h
AR 5 3 TE A DG (7=0.588, P<0.01), FH -3y
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Table 4 Correlation between Se and soil physicochemical properties

41 A G

pH -0.218" -0.270"

HHLR 0.501" 0.510"

kL 0.017 -0.259"

CEC 0.171 -0.007

4 fiff 1 0.588"
el 0.588" 1

e * = RRR A P<0.05 il P<0.01 & 3E K-,

TR IR R ) T2 A2 )40 & CaO L MgO J CO,,
FERRYE 55 F A R TREA A2z L, 2R
PR pH LR L T B b e 2= 135, Frll 4
i FIAG 2400 i 1 5 148 pH S B A G, A
(B R R AN 5 W 2+ W W B 1 52 %), T A A
SRS EEDFEAHC, AP S AAL
i, [ A A LB 7 e -5 H X AT e W o 361 2 4 FH B e
FLBO, S B0 5O 5 o A WL W A A 4
FIBE G I, [ R LA P & 32, TR
A AR R S AP R B EA G

3 #ig

DBIFSE X DA A 3988 5, 398 0l o 1 i
ZTameE, 1 pH, YR, Fki e i
o X G e A A5 ) S 2

2)BIFGE DX il R 25 i e e - S9G4S
WAL R PR TR SR A AR . B EL G B, Mt
TCR AT TE TR, 7E o R, g
PTG 5 LR 7R T RE v AR, 2 - SRR AR X s A Y 2
BRMA

3V X R A 2 5 | R 11 - S G 174 4 348 4 R
H0.33%, fEHHEHBH BERAE LS, KR
R 2 2 A HEAT 11 B B4 A UG .
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