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Fig.1 Schematic diagram of the global selenium cycle and transportation
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Table 1  Part of selenium forms in soil and their existing environment
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Table 3  Application examples of soil selenium content analyzed

by atomic spectroscopy
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Table 4 Isobaric interference in the determination of selenium in soil by ICP - MS
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© 40 p 401 + Rgle+ R dyp+ 160 1y, + +
Ar'K S°05 ,”Br'H Dy
SIp lpp+ 667 16+ 687 ldn+ 34Ql6 )+
82, + 8.73 82yt O A THS AR Cat 28100 BrrH* ,®Zn®0" ,®Zn"N* 7S04, o4y + +
65Cu1601H+78]Br1H+
9 967+
80G,16 () + _ Ru® 7™, _ 9 Mol H + 192 () + +

96M0+ ,56FE',4OAI“+
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R4 AR, AR F 7 3R WA B R O 0. 01 pg/ L,
de FeudisZE™ ffi I A7 /\ AT 8l 18 5B 2R 45 1Y
ICP - MS( Agilent 7900) 43 #71 T + 3 i Z M REUS
B35 i, 28 S AR E ) o 20 0 (B FU B, 4 R 5 2K
Liu %57 SR R ARICP — MSHIEARR A ™ Se,
HENT T A R Y 5 A BR MO, 1449ng/ 1, 2
PEYEHEE N 1 ~ 100png/ Lo 30087 7 3 S o AR
HEY) B GBWO07445 R i4fili , RSD 4. 4% .

(A TR M2 TEBUE 73 PR A ATHE T 4L
WEEE CRC FORTOHE S8 A TH BRI Y B i T4, 5 2
VOB AR ) 45 5 RE 5 B4 3t A DA [R) R, AR ST
S0 SR FRAR 2 B DU AT i 33 3 S, o 0
AR AN AR - XA A (SQ - 0,) B
Xt HERRAEDI I P ™ Se EAT AR AT, S5 R R E
UL HE AT LS A7, T 2 , ORISR 2
S50 s &0 TE T B 1 T30 7e i &g =X
L INEE T BeH TR T SR A A U AR AT A
0T, BN T R R TR, M5k
TR BV BT TR, BICEE e A R TR
SR 5 SR AR, — RUPURRAT AN 5 , bk T m) it
BIRets AR . UEH] CRC FEOARTAAE [ A B pE , Rk
Z I ARe T

Nk bR R R, S [E Agilent 2% 7] T 2012 45
e = H UK BT (ICP — MS/MS) |, AR /R S
T 5 SIS0 DU AR AT 5 20 B A L A S0 IR AR
7 M A B TR, KR S T TR A
TR T AT LA B % Gil - Diaz 2517 fif
F'Rh AE b5, R = DU FF ICP — MS fif S
2 H Se 46 ™ SeO AT 43 HT (7 Se +'°0—
PSe0) , A Ak G T XUHL o A G B T (R E R
Sm Tt FGdT ) AR R AL, BICR T0% ~
134% (n =3) ., Bolea — Fernandez 25" 1L i1k FH Jo
A SIRATAE R, 1] ICP — MS/MS J3 #fr i
AR YIPRHEY) ot (NBS SRM1646 ) il 5 &, 731 45
RE B EMEMLEXTIRE <0.05, ZAEX T 00
“Se, Kt BR AT 1K & 4ng/L,

(3) [AI2 R B o Hr i A

)32 2R i (IDMS) 2 70 ik R R i oA, BE
LR B, A e A S R R REH T
IR TR R B AR ARG SR T A S AL
AN TBRZ—.

il [ei] 457 2R JB 335 43 A 5 A T i A v R 0 B
KA T AT > B AliAk O S HA S Y
R 356, N 2 30 45 2 AR B A (MC - ICP
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—MS) 8 Pons 2! 357 T HG - MC - ICP - MS
I3 25 BUR 57 (™ Se — ™ Se ) S A A6 9 K o ik, Al
55 REJE L 1000V/ppm, 73 ik 22T 0. 01%0
~0.025%0, iEfEH) %" 457 T MC - ICP — MS [f]
137 XU (7 Se = 77 Se ) M Bl HAORE EJT i% , 4K A
AU IARS fE B 0. 00%0 ~ 0. 10%0, H BE AT UL,
IDMS R4 A 1 5o R AR AT A Pk ik iR T HL
2.2.3 X FHLAPrEAR

(1) X FLTOEIEHA

X BFERAEN A BTk (XRF) LA S5 T0 4 L o
B s BE PR RE R, TR AR B RL 20 B A8 2 7 R
P b A 5 R BRI B AT P ™ B, XRF 7E
S BT B8 ) T 5 0T A B % 28 4 A Oy R 1R
% B SR S IR AR RS G REPE = v fE

Margui 25" R & T LR 207 7 B 45 4 4 R
XRF 5 - S0 25 i (%) AT Re vk, i ok eiCk A o i A
BT WD BTN s, H & T 43 SO TR 2 B
FEIF 2071550 B L 3ERR A H PR R 0. 05mg/kg, 56
T AT HAR AT A Y FRAH 24 2 A% . Kocot 25
HESE TP A AR - XRE QU A ik,
FEEH T4 oK AR YRR o3 8 o %
DA S5 085 Ay AR W2 56 551, b gt o — 4 2 5 Y R e
(APDC) NE G, R e A X P 2ue ot
2 (EDXRF ) Xf JCHLAR T & T T2 A5 20 b ALl 2 o 76
AT, Se(IV) Fil Se(VI) ISR 435197 7%
+5.0% F199.2% +6.6% , K% B (RSD) H 5. 1%
~6.6% . FLVTFHRIS ALK IFR A 0. 032ng/mL, &
R 1013 £ 15,

(2) [FI2E4E A X MOt HoR

[R5 RS XS5 2 MO 15 46 R BB A% XoF 1= i
T3 TCIRATE A A, e F B0 ) XS 4 S i
454 (XANES ) DXl [B 4 R 10 4540 4 7 5508 , i IX
B I AE RS 2% T T = 20eV F EJ5 +50eV 2
), B T A DG e & A AR S AH G e A RN 4%
Be A7 PR 45 11 U8, B 08 T 42 100 B A 1) HL A A7

25 AR I B AR BB AN R A T S T E AR A
J o Scheinost 25" 435l fifi Fi] 7] 25 48 S A F oy 2
PEBOTEXHE ) 15 Y R TIR A AT, 45 R
AL TR SR o A s R, 4320 3 U VA AR AR IR
S HE T YA DCH YA, B [R5 5 S HOR
TE +HEE A0 J7 T L. Favorito 250 {f B [7)
AR X RO EOR PP T o AP R R Y
X R T A 1) 43 B RE 0, UESE T SRR $R U 58
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P AR IR AL 5T 7 T LA AR
#e, Qin 25 LR MR A X TR PO
ARX R AT 5 AR X Sk W ORE 4 45 F 3i
AT R 15 Y L PR AR TR R, 15
M EZ L Se (V) IR AFAE, Fe (M) S A ALY 2
Se(IV) 45 Tk, Nie 25 sl 9 i X 45k i
KA T Se( V) LEAH KA I AT N, %
B Se( V) fEH K pH REE T I B (3 6 4 P Bk
TETTC 2540 , FUAb gy S5 AT 3 i 5 4/ Db I 24 O X5
A A

7] A5 5 55 AR o7 P T L SR T 25 4007, 0
X B A B RE 0% IO RE AR 25 . P ST & B0 X 4
LLREMS(H Se( V) R BE 5N Se(IV) 7. 4k, [
A BRI AR ok - S RT3 SR P 4 ) S A TE AR
JEUOT TR DK S A A A R A B R
S k™

3 LHERbRUEYI O RIIUIR

PRUED TR T M ER A i o B T A A
HENR, HAHA N E A R o a]
L P SR AR 5 8 v FELA R, R 1 R
M BERALZE RN PR X RE S AR . 23T
S IRATE AR AR 1 A, A AT XS A A

5 HARINE HoE A EFs - Hebs Y

TE 25 2 (5 ARSI IRORVER S o5 3R B AR 2 SO
AR ) I3 A B ) A ettt
3.1 [EAb SR bR T

5 FIH T RS REAE I L [ bR Y BT B R AL
VB A E M 1 B bR v BE S A
i (E R HEY) T

MFE 5 FTLIE L RRUH 56 E R H A [ R 145
PR BT ) 2R IR . ARRARUEY) BT 400 5 1 27
Img/kg 72470 Bk HASL, Hop B R Rl AFS
AR -3 & R AT /€ (5, 2R ] ICP — MS (AAS
FINAA J5 i, WA AT AR ME) B 45k G
T Y 1 5 5 [ A bR o 9 R A ) T4 b X R AT
Tl 5 Iy AR ) A0 o o8 0 A7 A TG e A )
4% Bl 27 595 B 0. 44mg/kg B5 iR F] 1175mg/kg,
o P RAT A R A S B A 6 B 2 5 8k 1 R 81
PRER BORHL AR A T AR AL , RE A8 Jc R PR E MR IR AY
AT e DRURE T B S AR M VR 2 S J ) 1R
25 R RIIBRHEY) BTE 73 B TP AFTE B R oK,
Pt S RS
3.2 vpE SRR

o ] - g R 27 B HE ) B AR AP T 20 1
20 70 AEAOR, LA 1 54 Fh R3340 B b
) S EISS

(1) 35 Ffr 3 553 43 A b HEH) i ( GBWO7401

Table 5 Standard reference materials of soil with certified value of seleniumin developed by foreign nations

FRUEY) T o TR FE 2R il 4t (mg/kg) & 2 oA 7 vk
BCR -320R IRMM B UL 0.96 +0.18 -
BCR - 667 IRMM TR 1.59 £0.08 -
ERM - CC135a LGC RE Y LI 0.9+0.3
LGC6145 LGC BevE g+ AT HEEG & R 1.81 £0. 13 CRC - ICP - MS
LGC6187 LGC IR A PRI B4 1.2 £0.2 -
NIST — SRM - 2706 NIST TG 44 0.3 INAA
NIST - SRM - 2709a NIST XMl 1 1.5 CCT - ICP - MS
NIST — SRM -2710a NIST FRELTHI] 1 CCT - 1ICP - MS
NIST - SRM -2711a NIST FRELEI 2 CCT - ICP - MS
NIST - SRM - 1646a NIST JE SR 0.193 +0.028 RNAA ,HYDR, ICP - MS
NIST — SRM - 2586 NIST BT Yt X 4 198 0.6 HF — AAS
JSAC0461 JSAC [ARER Y N 0.44 AFS,HG - AAS,HG - ICP — MS, ICP - MS
JSAC0462 JSAC (ERER YN 71.6 £2.1 AFS,HG - AAS,HG - ICP - MS, ICP - MS
JSAC0463 JSAC Yoo bkt 141.5 3.6 AFS,HG - AAS,HG - ICP - MS,ICP - MS
JSACO464 JSAC (IR Y N 291.9+5.8 AFS,HG - AAS,HG - ICP - MS, ICP - MS
JSAC0465 JSAC [ARER Y N 587 +13 AFS HG - AAS,HG - ICP - MS, ICP - MS
JSAC0466 JSAC (CRER Y 1175 £26 AFS,HG - AAS,HG - ICP - MS, ICP - MS

T IRMM—HR il BRI A D 2r 5 LOC—3 BN b2 S0 8 % 5 NIST—3¢ [| IR ZAR e S HOARWEFE AT s ISAC—H AT fb 2 2r o INAA—{S35%
G AT ;s RNAA— S oI 004 5 HYDR—EARY) 2 — I IO ek . - 7 bRy Bk 43 o o WA B SR 24 5 3 o
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~ GBW07408 , GBW07423 ~ GBW07430 , GBW07446
~GBW07457 .GBW07385 ~ GBW07391) , #JH.% 4>
TS5 552 {H, [ GBWO7405 1 GBWO7406 i 7 ok
F Img/kg, H 4 b5 Y ARG A 288G BR
GBWO07401 ~ GBWO7408 {ifi Ffl i T- 54 Y6 ek | Ho (4
TR AR A o B AT (AL, H AR bR Yy
AU R 2 T i

(2) 5 P - OB A B 20 B B AR WY 5, 42
i VL 70 K 3 U0 AR 9 ( GBWO7441) | Jb 5t + 1
(GBW07442) L7k A5 £ (GBWO07443 ) Ik i #5718
2+ (GBWO07444 ) Fitem i fb X L 4 G FF A
(GBWO07445) , 2 Fh [ 5 i J57 52 56 0 3 A0 F 2008
R . RA-E T S BUE T T ORI
BT ACIAS BRBRER S A8 R A8 B A
LA RAVEADS RIESEMES, 2
T 16 #735Z& (Cd.Cu.Pb.Zn Mo .Co.Cr.Ni Mn Fe,
Ca K As Hg.Sb Se) ML & & ALE &, Hifioo
RSN (0.56 £0.012) mg/kg, Jiff /& T X 5k
HhERTE2E A K P A i 7 2

(3) 10 P H & 5 5 12 42 WO At 7 & 0 (6 A
KV AN B 2 L A RS A3 A T A ) o
(GBWO07412a ~ GBW07417a, GBW07458 ~ GBW07461 ) ;
S v T 2 e b R ) B R A 2 el A B 5
F 2010 4E@Fl, H o, GBW07412a ~ GBW07417a
1 GBW07458 ~ GBWO7461 & i T /K 1 25 1l &5 &,
B R (15 £5) pe/kg; GBW07412a , GBW07415a
~GBW07417a . GBWO07458 &l 1 i £h 1R 42 B S Al
i e EN 7. Tpe/ kg,

(4) 4 Fp & it HE B Sy o BT AR E ) R
( GBWO07900 ~ GBW07904 ) » & iy v [ b Ji K2 (it
BU) T 2018 AEWFH, A& A T 0. 83 ~ 19. Smg/kg,

4 AHERTEHUR e 2

NGB T 3 o A 5 B, R A
Aty RIS AN BT R AL, 2K 0 0 A B
FORREY) AT A Bl A Ji& , DLPRAIE 73 A Bt

20 T - SRS 0 A TS AT A Y ] R e R e 3
I« (DHTAL BEECRAR AL T HAR K 852, A
FIR Tl 120 BT UA SR 1Y) — RO o 732 AR BB 1 1 2R
o - SERE A FEIBOT e 18 8L, (0 2R g 58 4 i
DA I — PR S IBGE FEAE A S AL n TRl 34T
JE— NI PR PR . QBB ARBOLIEHORTE
IR CHUR A M U R A 5 D0, A/ SO i
BRGE G 2 R R PR b RE S S TE TR
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Review on Characteristics of Selenium in Soil and Related Analytical
Techniques

YI Qin', CHENG Huang’ , SHANG Wen — yu'
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HIGHLIGHTS
(1) The selenium content in most soils in the world is ultra — low and varies with the environment.
(2) Methods with high sensitivity and a low detection limit are a basic requirement.

(3) Reference materials with gradient content and certified speciation content of selenium are urgently needed.

ABSTRACT

BACKGROUND: Selenium is an essential micronutrient for humans. The spatial heterogeneity of selenium in soil
is the main cause of various diseases and environmental problems. Selenium in soil is unevenly distributed across
the globe, with most soils being low in selenium. Globally, the average selenium content in soil is 0. 4mg/kg,
while it is 346 —2018mg/kg in typical high — selenium areas. Thus, accurate analysis of selenium in soil is of great
significance in research on seleniferous soil. The reasonable use of reference materials can aid in the effective
monitoring of the quality of analysis.

OBJECTIVES ; To summarize the status of research on selenium in soil, and the development of the corresponding
analytical methods and reference materials.

METHODS ; This article describes the distribution characteristics, speciation, and migration and transformation
characteristics of selenium in soil. Furthermore, the methods for extracting selenium speciation in soil, the progress
of research on selenium content analysis technology, and the status of the development of soil selenium reference
materials in recent years are summarized.

RESULTS: Because of limited advancements in the development of analytical techniques, research on the
mechanism of migration and transformation is still incomplete. The emergence of sequential extraction techniques
provides a new way to study the distribution, migration, and transformation of soil selenium speciation. However,
this method is still under development and has many shortcomings, such as inadequate selectivity and inevitable
speciation transformation. Atomic fluorescence spectroscopy is the mainstream approach for the analysis of selenium
content in soil, especially in China. Mass spectrometry, with high precision and a low detection limit, and
synchrotron radiation X — ray technology, with in — situ speciation analysis capabilities, offer significant advantages
in the analysis of trace and ultra — trace elements and speciation analysis. There is a significant gap in the research
on reference materials with gradient content and certified speciation content.

CONCLUSIONS ;: Methods with a low detection limit, high sensitivity, and matrix interference resistance are
urgently needed. The combined application of sequential extraction, mass spectrometry, and X — ray fluorescence
can promote research on selenium in soil. Moreover, related certified reference materials with gradient content and

certified speciation content are in short supply.

KEY WORDS:; soil; selenium; speciation; quantitative analysis; reference material
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