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A Review on the Environmental Behavior and Potential Risk of Tungsten in
Soils: Progress and Prospects

DU Huihui, LIU Xin, LI Yang, LUO Zipei, LEI Ming, TIE Boqing

(College of Resources and Environment, Hunan Engineering and Technology Research Center for Irrigation Water Purification, Hunan
Agricultural University, Changsha 410128, China)

Abstract: Tungsten has been listed as an emerging contaminant by the United States Environmental Protection Agency (EPA).
Tungsten can accumulate in soils through multiple avenues, creating potential damages to soil and biological ecosystems.
However, our understanding of the occurrence, biogeochemical cycling and ecological risk of soil tungsten are limited. Based on
previous research progresses and our experimental data, this paper systematically summarizes the content levels of tungsten in typical
soils, tungsten’s environmental interface behaviors, as well as its accumulations and health risks to biological ecosystems. Finally, we
highlight scientific problems and key research directions for future studies and call for more attention on the (i) ecological and
environmental risks, (ii) biogeochemical processes, and (iii) risk management and remediation of soil tungsten.
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Fig. 1 Sampling point distributions in soils and waters around a tungsten mining-smelting area in Hunan Province, China

z1

Bl 1 ARG S ALK SRR E

Table 1 W content in soils and waters at different sampling points in Fig. 1

+## Soil sample

JKFE Water sample

SKFE S Sample site % H W content/ ( mg-kg ") KA S5 Sample site YR W concentration/ (mg-L™")
1 148.9 A 0.14
2 376.1 B 0.11
3 58.6 C 0.23
4 57.3 D 0.15
5 975.5 E 0.12
6 3191 F 0.34
7 1977 0.19
8 88.0 H 0.14
9 54.8 - _

10 1333 - _
11 77.1 - -
12 395.8 - -

http://pedologica.issas.ac.cn



658 + b1

59 &

=

2 BRI S AT

2.1 TESHBEESMEREL

BRSNS HE P WEs . YA
BBy EE ., KRB, £8P oK
SRS (E&Y) sUChIEFE e, XWEZoT
B LR EZERA, HiE T ILEK, %&
AW R, &R AR T il g A bR
H (wog ) 1612 260 e Rl B B T LA R
MR, ME7E - R T A R A B
UL Clausen S5EP7E M 1§37 070 5% BY 4 A AF 1 4
RS SRS ->F A ->BRE -2 HIR
o2& mEmRE (W W,Siw,0" ), HiEB Mk
FEURKR I . BIREL . 2B £ REmRE: .
LR

JEVE LA 5 — M R IR R A
ER . Bk SEHMmEAARL, WA 2R
R ( WOy ) fE—E &M TR Z B Y ( HyW,,05, .
HW,03, . WeOx(OH) ), X Ff 2 R ¥y i Bl /5 iR
P pH (KT 4.5 ) FI A e B i o 202500 it
Gh, ZRETREL T E T & T REmRE, TR
FAETRZLHRRT Bz B, flr: 43
Z VAR BREAE ( WOT ), Ti7E R + 3
DL 2 BB ERIY AL, X im0 rh 4
MR P RA S/ MM KT AR
R pRPY R e R e, XA A
A BT o

— Y6 AL g 1) Ak 2 4 B 3k W Tessier
Community Bureau of Reference ( BCR ) t.#§ F ok i
IR HERIEAS R AEPYR ] BCR DU VA 4R B
R R Ry, 5REM, BERELRES
A AL SRR, AR RS AR S Li 40
FUFH Tessier T T HR AR, 45 R 5k 25 A
MRS G BT, XSSP AR —
Hobson ZEBUFI o #E (9 Tessier 7253 I & 59 9E
A, REVMMAYEES . RES MG HLTL
AR R E AR IE M B Churchill S 45 rp 85 1Y
TR A, BHAT, K% H R AL 5 R
( HF-HNO;-HCIO, ) $2EU 4 454 1 J A H
HL BB 45 B T IR R B IE Y (ICP-OES ). HLEHE
BEB RS (ICP-MS) LUK i B & 25 Tk

5T RSG5 (ICP-AES ) 2543 38 46 ) 75 v 45 44
Sl HL I, TR KB, R
KRB IRIRIERIESANT T A B EY, WAL,
I Y 5 T 41 B ol DR AN 5, g R A AG 1 3584
i, B, CAS¥EFHMEmR5m (g ) 7
Sy R ERIBGR, e BAS Inl AR B K AR G R TR
PREPO St e 1.3 v A R ORI O k.
i = B N Y i e = R N T 7S
( HPLC-ICP-MS ) i ] Xif -+ 58 45 U H A 45 4 P
T T E R ER, El-Shahawi F1 Al Khateeb!**/%
SET PR L AR (1 A BRI
KHYRESS, 5 ICP-MS 451X H , #ER R 1k 95%
DL . i, Mohammed Z5:UOVH] FHMi He 22 8 v —Fh
B E TGS I E K PR B IR ER ( WOl )
W5, T B o S e A ) 5 R R B 2T B
AWM TR, % TR R 1S E
ICP-OES i — 5 551iF

FEROW RS, W 9% 895 44 20 i /R AL ket
TR E P RIES . SR A YA R E
HEEE L, RS X-HLW i A ( XANES,
EXAFS) e RN A, FHReAE R T /K T3R50
eIV AR T VA T S W VS @1 S Y P B |
K5 5 4 i SO 2 S5 A 0 A A 4
Y153 AR [R5 R S 9T R R 2007 30 32 921 gy
5% (0). & (C). #it (S). & (Fe ). Mn. fif ( Si).
AL SR ZEMEAE B WA, ([E15%
BRI 8RGO, R A O IR 41 A
it ( ATR-FTIR ) B Al AE 0 B 3 B 3= & 25 10 fOoUL e
Pif5 R, BRI PERA T EXAFS K540, {3 R AR
XA (R ) BAIREA T LA A 32 $470,
02 J A HE TR A AOUE 43 A7 AT B T R AP AR A
X X-BF5EE ( SR-XRF ) FIHEE S X 5
2R AR (SR-STXM ) FERICK MK R 1 7
WsE o 3 LA &R R W 98 oK — kB T S
( NanoSIMS ), FI £ BRS 4H 1) 73 B3 X85 19 3 A R i
HEATERAE . MM E RIAL R MR EAR, IR
(ARG B R R AR, A BTk — 2D B R A 1
RGBT A,
22 SBELEFEHORMEZEmES

e R AN IR AL, XS A B TR
oA A IR i A T B N, i — AR

http://pedologica.issas.ac.cn



3 34 FOMERESSE e IR o SV E AR . BFST e S 659

M) HAE S A 1E o TS PR ORI . T
PRI LS, EATERAR KN AR g
P45 7 TR AR R DX, BRI I X 423 79 5 R0 T R B AL
AT REA R 22 5. ) (FRMY ) 2l f i 3 A B B
T, B, IR AR AT o T RE S A B
R AN R AR A AR LR B A 1 R
WOk W B AR AN 2, BT A TR
WA Z . Twai FI Hashimoto™ & B, 4523k ( WO3™ )
TEJURP LG LW b0 S5 R R B IMEIRCR

SOKERET . KR KBRS . S, HORRH
TEAS pH B #T . Cao ZEPYEHL, KoK &R

dee & ¢

7

XU XU Bidentate-binuclear

XU ¥4 Bidentate-mononuclear
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Fig. 2 Optimized structures of W adsorbed on Fe ( oxyhydr) oxides
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Table 2 W content in different organs of rice after amendment with different amounts of Na,WO,

JKFE %8 B 44 B W content in different organs of rice/ ( mg-kg™)

N212WO4
R Root 2% Stem - Leaf F#KI Grain
0 mg-kg ™ 0.4 0.07 0.15 0.03
5 mgkg™! 38.2 4.9 12.4 3.2
50 mg-kg™ 106.0 15.4 23.5 43

WA E LR BN 0.2~0.6, /N TR
Na, WO, {8, 3% )i A A B S AR IS AT Na, WO,
AR, AR AR R, T SR - rh OER
HJEARTEEAS (FRIEA) P2 WA D34
AR USRI . BRIEZ A8, 253 R LS TEREY)
T e AR Az IR, WSkl . pH RN AL B
(14 5 g B4 001,
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(9 mg-kg ") Jiti AR /NAZ HRAFIZE ARG K 5 AALAY K
AL Tyagi VR B, 5 4 Jm 2L, oo vk B Ay
XA A KA B BLARE A, HE Adamakis 4504
3B, TIN 200 F1 500 mg-kg ™ H RN B35 40 B T
MRS W A K AR MK s Kumar #l Aery® %
P, FEARREE (27~243 mgkg!) HMHI/NE A
LK HEEMAERKTE 436 mgke ' 450132 5
PRI, W A E (10 000 mgkg ') HES
SRR FET, e S 1 FE VR T B R
S IR T R R R DG A AH , AR TR R
A RIARAE IS, e dh, T 28R aek 4 Tk S 1 T ek 1
Tt 2 vl R A SRR 2 — 1020 sk R TR AR 4 ) S R
N AFAE 8 2 22 5, (H H HTA SCHL i AS B
32 BEREY. PN ATANESEMEBEERE

BRI
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FERE, AR H SRR 80%; MAMZBFsE LB, [
SR AR IR SRR T AR A G2 R B U R A
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VB Jy A58 220 B BIF 58 45 1 2 1, B MR AE 107~
25 mg-L ' B, B A R RRAR 8%~ 15%, MEIH
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PR AEY SFET- IR CO. 5 LiRMFRAM R,
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FRER TS XS T S AE W AE Wi n se e, A5 R R
N4y (<2 600 mgkg ™) 23BN - HERUE YA Y

MR T 2 600 mg-kg ' e FERT U R 5 tbah, L3
B T B P TR 1) A RS B A VA B R, T
B 2 IR T 2332 B o A5 X Sl A M 1 2 e ] g
3 e A s 7 R DL G kT s B iR
AR AP SS . 4 I DL R R A8 2 T R Al A 1
B AR RZE S

3.22 WEIYENRERSHE  BEEL R
B E SN RR, MR R KL E

WIS TEfEH . 7 HIEIRR T, Lindsay %5 UVR F R 4
VN SR T T 8 I BB B AR 0 RBURR L, 45
RN, WA RS EBEY (B3R MENAEY
EERECK 036, it KT E 4 IR
EEZRE (0.05), RUEREY () &%)
PR NS B E RS A, IO R R 2R
A PN B IUE PP R B e e, i — 2B T A2 S
YR MY W S YR R R E 2 . Inouye
G TR BT A A S e 1 A R A A R
T e M| 73 P B 1 S /N T TG i ] e (
R MFEEAE R T, X —a5 R R — R A
S W) . Kennedy %5 [061% B4 o ) B $% B8R T
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/N B S i s S i TE i1, S5 53R &
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Fig. 3

Rice W content in a tungsten mining-smelting area and a local market in Hunan Province, China
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J T A RE ERO PP AT SR GO R R AR AL
il ZRa Z AR A PPAG A5 9 A S KU L A"
24 AR MM B XU o 72 AR b, R e
TR R E A A, AR A . AR
FIAC )™ fin 22 x5 R BE 2 AHSC 1 L MR /KBRS
Feifie, JUFCRLAIE el W IR AR A S B R
AR

(2) 7Y DX+ S I 25 AR S JRIE R &R
ZEERBAEIN 38 AFHR BRI DI 437 25 (]
VAR EER 1NN DR <k I B e | PSS RF R b o W )
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