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Natural dissolved organic matter (DOM) affects W(VI) adsorption onto Al
hydroxide: mechanisms and influencing factors
Student: Rao Wenkai
Tutor:Du Huihui

(College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: Tungsten(W) is an emerging contaminant, which has potential impact on soil
environment, animals and plants, and human health. Sorption to mineral surfaces is one of the primary
processes controlling the mobility and fate of W in soils, sediments, and aquifers. And this process may
also be related to natural dissolved organic matter (DOM). Therefore, in the presence or absence of DOM

derived from plant rhizosphere, we examine W(VI) adsorption behaviors onto Al (hydr)oxide(AAH),
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using batch experiments coupled with X-ray photoelectron spectroscopy (XPS) and Fourier transform
infrared spectroscopy (FTIR). The morphology and functional group analyses results show that DOM can
facilitate the aggregation of AAH and block surface AI-OH groups. Batch experiments indicate that
coexisting DOM inhibits W(VI) adsorption onto AAH at acidic to neutral pH (4-7), and the presence of
either Na* or PO4’"can exert a completely different impact on W(VI) adsorption. XPS and FTIR
characterizations further demonstrate surface W complexes with the Al-OH groups of AAH and carboxyl
groups of DOM. There is no reduction of W(VI) during the adsorption processes, and poly-tungstate
species are formed on the surface of both AAH and AAH-DOM coprecipitates. This study provides the
first evidence of the roles of natural DOM on W sequestration at the mineral-water surface, which has an
important implication for the prediction of the migration and bioavailability of W in natural environments.

Key words: Tungsten; DOM; Al (hydr)oxide; Surface complexes; Polytungstate species
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e — MR E SR IO R, DS ) e UG AN A P A e T 2 FH R
WZEEF R b, ORISR Z MBI, X PREE A P53, a7 22,
TRRFIRRIR & 4, FEAR A S, CHEH S SR IR E BETHE (X
2000 mg/kg) 131 JUAAER, BEESH HIFRIGHAT 2 A ] 5 N H 547,
A R AR B IR AN . X BRI FEx -8, Ay, shiad
FNERRBERETHEAS, BRRS T REIR RS EIERCT, X &M YA #
P faESS), R AT RE S EULE A M5 Bk, B 2003 45 2 A 3 B p 6l 0 (CDC)
TENARIEINEAR AT 2 W LR, 83 DA N2 RFE M5 ), 56 E ISR Y2 (EPA)
TN F AR BB s eyio, SR, H TS T 45 R AE MR A0 24T 9 A SO A
ANIR S A R (10785 6 XU RS B A BR

BR—MESECER, WEMA—2~r6 A, 5~9 M EL. &R E I
NRAEVER), JUFRARSRAENY . (HETFEEAT ZWEM S, ErTb5T2
FTHURAG HUERRARTE K (AT VA R A . JLEAL R, B ie h B R A R Eh B 2 ]
VI . EUESER R 0 PR ASANAE pH> 6.2 H LA IR R, P a] GELL BARTIA
IR B TE B 4, 48 DU IR SRR S T IR AU IR, A RI DR
TKJE R B 1 R B 4 AT 32 B BT /7K ST b AR B F A | 0205170 )
BRABEAER R —FhEEA I . Caol' A5 N [ BCS5IR SR IR 25 SR B, 1R SR
BB EA) B RK SRR B AT [MgeFe(OH)16Clo » 4H 01 [y B 7T TA 54.1 mg/g.
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AR RRAR R, SBEXT WVD IR & T2 A Ak . Dul'81% A
KO, FRIH AT pH B IHAT N, BT A BRI 0, BEAE pH {0 PR,
WP EE RGO . [FJES,  IXFRR P R P RS2 BIVA MR ES 7 (41 Na*fll POS>) TRALATEM R
WA o &5 SRR T 78 00 BH B8 - e M Bl 4 45 S 6 i 10200 FE S R SEae H, XulPEE A
RIDVEH R TR B 1 Al A 3 2 S H A IR B IR 28 F B0 5 50/ S HL AT (1 45 R 3 W Bt 2>
XANFTREAZEH N R TA Mo W A P 48[ B 7 A (R A7 A5, (A3 5T 254X Mo(VI)
MR B D o XTI IR, W X GG RENE (XPS) AN 4 S e B AR 4
ZLAMERE (ATR-FTIR) , R WV TE &N BRSSP 5 AR R FE &1L
Wi 454171822231 (5459 BN, RakshitP2 it 19— TR 55 £ 0, E/RERA 0 1
W SR BRI S 72 R ARG, TEBUR IR .

SR, AU PITEM PR L0 AR, BT RRAE Y (NOMD jdid—
RYWEE, AL2ERAEDRE (B, @, Juiess) ARMEIER, a1
SEY), FHLIEAPRY T EESREEASR. TR EWAE N2, i T
VIR ZFEVE RSy, AL Y)S B S 2 AT AE ELVE FH LA 25 4w W P 30 SR AR )
AN BB ZRN621290, HE FEIPOSURGRE L S 2R IE, HBR (HA) fERME%
TSR T EAEY, X2 FBEHRE RINMERSCEWER. Hil, ERA
HHIAEAE T B S EAES/ A A E R D& A 1 2 108 . Christt255 AT 15
B (FA) XA R ORI B Cu(IT) 52, 3 45 S 2% A 72 AR Bk L () W B 435
T 4130%. Xiong3¥55E )l i fib BRI ARG, WHoT 1 I3 R AN JE R X Pb
SEMR A s, LG RRE R R (HS) MR K # T pH {H, Pb &5
AR T HS B . SRS, LI Y- NS A0 E 48R 1 R LR
JEE B AR T /R A LR T AT, 208 T HA/FA X RGBSR =2 &
MEHRTE . HA/FA B Z0AE P15t B & 8 1 EBR AT, I Al e R &8 M5
i UETE . SER A E R . By HA/FA AT RESS DU Wi R IR . R, iIT%
RS, BHEIN)E, HA/FA 7] LB RN V)R M B0 R A E S G YIRS & &R
BT o DAL, HA/FA @ sl A= 00 A ] FH 0 1Y) 46 i v 5 R s i A A7 ) R P FE BT (i
Fig.1A fin) , HAEESZH/KIAEE T, HA/FA "R SRR ZZEEMYKE
R FNRARE SR R AR N (Ul Fig.2B fln) o Rk, HA/FA A 5 Bl F A1 g K
FORLI ARSI AR E , CARTERM- /KT R AR, FHIZREE . YIESEAT A, 4R,
VA LA (DOMD J& NOM 5 i R AN 5 H1 2 1) 26 Fl 8 7 - DOML 135 1 S 2 1 (&2
FURRIEFM L) SE/RAE N AR DA R, Rk, DOM AJ fg 4
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FEAE AN R R M O42), X — B A AT 4RI 9T, X AT T A% DOM 78 3 SRR h 41T 7%
B, AR RN (s ) oG B

AT 5T B LR 7 AE AR B3 K5 1) DOM AR [RS8 DOM X /K458 W Fff
WD . B4R DOM k2 rl AR ), (FAEFRPRATAE Y DOM 1] LAR AT HiAR SR
3% DOM. W™ ¥)%. RLEEFIL I ReH 7 %5 1 KN (FAAEBUFEEILDTE
DOM) IRTHRHE . FIFELH AR LI/ 6 1E (FTIRD A1 X 2ot F Rk (XPS)
BiARH 2 7RI A &I G AL [FINES RS T — SRR 2, 0 pH [HAILAF
MIBH /7, EIVE 2 R RS, e A BT 410 7 DOM 7F 2R3
BRSPS IR AL R AT, v e S R R VP A R LR 2 A
1.1 B8 BEXFR AR
1.1.1 Az E/

e HURE 77 $575 G X AR AR A KR HEAAR R IR IV e
M (DOMD , HE4U& KR -DOM o & G, Ji i 2 W Bt S50 95 18 H 4R 4%
PE R A7 Na*BH B 71 PO B B 7 PA K XPS. FTIR Y6i%. TEM FURIAR 4T B 4
RIS AL . X ASTH T i DOM 7E H AR EE v 23RS 28 . AR PR FH 4t
BRI, s LIRS SRR AR .

1.12 HAREX

ITeAESk, 4 JELE LIRS Y- L2 A BEAESH RIS R T 2 B NS
B ORPENS1032398] iR ZHCEFALEIE (CdY, P, CrY) , MifEfE R Tl A
B TCRFTTRY, IRDZRTE . Rl 287 3 -7k T R A R Bt
WHot. Hil, ARSEIHRFUSE IR A RIS AR 2R (pH. BIBHES )
VRS, A BT RN AR B AR LR IR S AATE . RN A IR IR E R
WAL IEP E S B AL, FRICE S8 A RS ALEAR (R 2 K4 A B AR 3
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R R FMDOM KEH
| - |
Balk W(VI)
| - |
#Fu?o %t W{V;)}El’] 1 TEM%‘? - =
Na* Jps Ip A ke g
W OB 5 BB 5 A ek b
By U U U U
AN [RIVR A EE e 7 Hr AHH. W(VI)%t AHH. W)W fff
{5 0% B SE 56 Tﬂ?ﬁfuﬁﬁ AHH-DOM# AHH-DOM HIER
A PR H A 454 LA HLH FREEHLEE
| & | | {I} |
FE R PR B 2 URFIE A E B 3 1T T M B RO 45 & WL AT E v A
| |
ir
HEAIVEA LY (DOMD SFW(VI)E AT T B (1) S AN A1 L]
1 FREEE

Fig1 The flow chart of implementation
2 MRERE

AL, AE T %%&i@ﬂy%ﬁﬁaﬁﬁﬁé@rﬁ FAE A B ZE /K (18.25 MQ cm)
W& ERR. EHRCEERmERR, SHATHMHEE (1%) Eik. @
Na;WO4 « 2H,0 il % W(VI)ﬁ%%ﬂZiEhé@ktP o PR TR VAW H NaHPO, « 12H,0 i) £ .
AKERHTH AI(NO3)s il % SAKAHN (NaCD F -1l £ 1 SR
2.1 K% FA7KiRH -DOM & &1RUHIE

DOM (1l #: ffil% DOM 2% SCHR44, R EDPIN.  MIRIE 1IHE AR PR L1
PEEUAMREA YL (DOMD , FF-4 Ha LI /N R AR (BAZ 0.5~5ecm) , £F
AR T RTG, B3 KBk (>lem) BB, FLL1:22.5 MERE (wiv) &%
FERBAE/K Y, 78 20°C T HEBNZ) 2 /N, SLEDHEE A3 & LA 10000 rmin! B0 30 7341,
SRJEEId 0.45 um JE EIENEE . 3 TOC 73 #r4% (Shimadzu, TPVP10) I 7E A B 1)
BANR (TOC) K.

IKEEH B & H KA S5 SCRES), FZDIROY: FREX 0.1 mol/L AI(NOs)s ¥

fETEai KT CERM) , ERBRS B, IR pH 7V E T St
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— € 1 mol/L NaOH V&V £ pH=3 /A, FHEEINA 1 mol/L NaOH, Vi i€ I 2 5L i
DT pH. {E pH 258N 7.5 BIERHE, {51E7I0 NaOH, K3k E — B e, FRiail
SR, BRI R AR R, RSN 1L AR, SR, HE—

BRita], SSRHERE. P BRES =K. KN HFK 8 AHH.

AHH-DOM E &A1 4% : AAH-DOM Pl #i@id i€ A 0.02 mol 5 0.002 mol
TR ER AN 480 mL Frifil £ 1) DOM ¥, #RJ5H 1 mol/L NaOH {75 pH £ 7.5, ix &)
2 NAE1F AAH-DOM HUT3E YA MRl A [R5 a7, Bl AAH-DOM_low A1 AAH-DOM
_high. Frf3EIFHALRIFE 4500 r-min” T &0 10 4080, FHEBRARKFT ) DOM, DI
HEZR, UBEBRRTZRNE T IPRLEOUTEY M ty, — i H TR GT
W BITES S AR T R (SEMD BTSN, 51— ECHip 0.1 /L FMR B 744 52
TR 508t pH WP & o FE SR8 . FTIR A1 XPS 5856 .

2.2 R~HzE

AR YRR > 8 (The Malvern Zetasizer) 0] LI %E AHH 1 AHH-DOM & &4
(P3R4 . il % AHH Al AAH-DOM_low Al AAH-DOM_high & &4, 5 BRI N
0.01 mol/L NaClo #§ 0.1mL F & ia U NS HURE Gt R e AT 7 Al g, BRI SR 5
2 =ICTAT
2.3 pH MR Mt &2 & 58 SELn

FEER 25 $RIRFEET, X T pH 5, # AHH 5 AAH-DOM 3T VT8 w4
JIFEAs AR B B0 BT I g, AN R FR IR B 77 R WV I 50
mL BT, AR MEE R SA 0.1 g/L W (AAH 5% AAH-DOM JLUTiEdn)
A1 30 mg/L W(VI), T4 5 0.01mol/L NaCl I 2 S AAFA 30 mL, 2R )5 13 F #
HCI 5; NaOH ¥ £ 7F ) pH T2 4. 5. 6. 7. 8. 9. 10. 11, % Na'si POs 51
o PSS SEG, WRPRFE SRS A 0.1 /L W), 15 mg/L W(VDFI A& 1 Na® (0.01.
0.05. 0.1 A1 0.5M) B PO2™ (P:W Et Ry 5:1. 2:1. 1:1. 1:2 F 1:5) V&R pH {i [E & 7F
pH 4.5, FTA WL S E AT R R SRR 020 15 /N, FXF R B I FR A3 b 8R4 [T
B, TR ERRIE, SRJEAE 4500 r-mint REO 15 04, FiERFRGE
0.22 pm JE IEMEECT FIEW, 8 B & 45 B T R BB (PerkinElmer
Optima 8300) M| &G
2.4 FTIR #A XPS 3L

FTIR Y iEic 3% 7F FTIR Y i%{% (NICOLET 5700, USA) L. fEMELFEF, 4
S A USCE VI LA 4000-6000! 23 #8544 e, £E FTIR U2 /i, B0 EERT B ) T
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JEAE ot P 4 7 KB U, 1 44 HH I R PR JEL R PR B 58 g AT ORI B . XPS =45
KRATOS Hlii#8 X P2 H T AERE{Y (Thermo Fisher Scientific, USA) FlEff Al-Ka &
b, W& W4f(5p). Ols. Cls. Al2p. Si2p dgith. EMELFET, FAMEATBHHEAT
10 }REH, BKH 0.05eV, FrA LG EESIH 284.8 eV ALK Cls IEFATRIE. {f
H XPSPEAK41 BATLEFTE GG . R GG EIga % (FWHM) MNARFFAZE . Xt
T XPS A1 FTIR 5£54, 464 pH N 4.5 i AHH A1 AAH-DOM _high W 25 R FE A 15 mg/L)
A JG R AT SR8 . AR E I E L 3 AT,
2.5 Gt orth

FI A U B 2808 35 28 7 A B £ Origin 2018 A Microsoft Excel 2010 115 [
SPRIMHEbRHERZ (SD) o flif SPSS V21 Siit-F2 7 R I K & 7 2 40 b Al /N I 3 ik
Z5% (LSD) (p<0.05) , HLEARFEAIEZ (A% 5

3 ERESH
3.1 AHH #1 AHH-DOM & & BB 1451

AHH 1 AHH-DOM H£3TiE ¥ TEM RAE LS LU 2(a)-(c) s . &I TR H 1
WO, 46 AHH BoR T HIGE TR YUK BN 2H A SR A1, BIHIRAHL, SXAESE T R4
f AR (8 2(a) o £ AHH 5 DOM e, WS EREAE, I Hixp
FaALEBEE DOM #iE, B FEHE (E2(c) . XEHREH, DOM it 17 KH
RIRRITE A, X5 21 DulEE N IE /KR -OM LUTIE W RITE — 2. 1B 2(d)H iy
PR RAR T s Rt — PR, 4l AHH BIFIRAE 2908 229 nm, i 7E AAH-DOM_low
A1 AAH-DOM_high T, FHMN KAL) HIIE N2 2] 476 nm A1 738 nm. 2% J& F kL T
23, Kkl DOM S5 T AAH RIEIAME, W T — N EENHENLE
eel, (2t T B BIARRIE R . SIS 2, TEM MR E S g o BEkm, KR
DOM it 7 AHH 15 4E, R UL DOM FIREREMK T LR AR (SSADIFIEZE T W(VI)
ETEINEL A

FTIR St 4 IA A2 10 DOM 73 HIZLAMRS) , Fid o ix SR 5 >k & iE DOM
51 W) 2 (B EAE A 8 AR o 318 B VA — A AR B 1 J5 ARG FTIR S6i% (700- 1800
em ™) WIE 2(e)iam . X T4l AAH, WUCHT AL T 1638 em™ &b R 7RI B 7K 431 H-O-HI47)
L. TMAE 1388cm ! XN F AAH H ) AI-OH =314, 24 AAH 5 DOM JLyTiEhs,
7E 113 1em ! Ab H I — 25 BT B RS s 490, IR T C-O hifdiiRaf . [FIRE, 7558 m it
1533cm Ak H I — AN /NSO UEEDSO), U ERT TR A . T IR R B DOM 5 i Uy Hh 2he 2%
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P AAH KT . 24 AAH 5 DOM FLUTiER, JREERILAHTZ) 1388em™ Y2k, FIRE=Z
9 DOM 43 1. fllnkd:, @i EmK S (A0-C) FMIEMERRIL E L& 5] AAHBS,
MPKUL, DOM A] DLE 2 2048 AAH HIE BER], M 7E 52 i X% WV I .

™

. (@) , ©
700 :\; S
& - 1
—~ 600 g = 3
H 5| — Aan 2
S50 s 2| —— AAH-DOM
) £
ﬁ 400 g Subtraction spectrum I
& B ("AAH" minus ""AAH-DOM")
& 300 i
200 B O O | e s e T e
~”
o
100 i
I
0 1 1 L ! L
AAH AAH-DOM low AAH-DOM_high 1800 1600 1400 1200 1000 800
Materials Wave number (cm™)

3 KEBHFIKET -BMMEENYESHTEBEERE (o, b, o  KE (A « AHHIE (o
Fig3 TEM images (a, b, c), particle size (d), and FTIR spectra (e) of pure Al hydroxide(AAH) and Al
hydroxide-DOM coprecipitates(AAH-DOM). The dotted line in Fig 2(e) represents that the transmittance
of the subtraction spectrum is equal to zero.

3.2 IR MERR

W(VDH] pH Wt an & 3 B 7€ 4-11 B pH G N, WV EFE pH E Y
N>, AHH. AAH-DOM low Al AAH-DOM high %f W(VI) ) KWt &7 pH
N4, 43518 104.28 mg/L. 78.84 mg/L 1 69.96 mg/L, TMifE pH Ay 11 WK & /),
538 7.63 mg/L 7.47 mg/L Al 7.12 mg/Lo IXFFA AR P B 7744 28 Hp i o5 e 724
WVDR B, kK ESEAT, R BURIZRE 3, 1X R WV B & T )
F A REAE FH T OH A1 WV S 85 1 5 4 W B 14 i o 350U 70 5 BSR4 26 T -2 T 189 1)
LR 081,

DOM 5 AAH W3LPTiE i 7 WVDERRME 2 i pH IR (p<0.05)
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X5 Dul™5E ANTEKE-HA RGP RN R —3. JUFTReIEREZ: 1) DOM
fRHER A ZARITE R (Bl 2(a)-(d)) » AP AAH BIEEREA: 2) DOM it B Ak
[y Bk A E - BEIE T I) AI-OH £:[H4] (18 2(e)) 5 3) DOM 73 T38| AAH KM
[P ERT, SR1, 7E pH N 8-9 ), HA AAH-DOM high &35 #H| W(VI)F¥I B

(p<0.05) , T7E pH A 10-11 &, DOM X} W(VI)EI’]”&BfJI&ﬁm%EWﬁ (p>0.05) . X
7 HT DOM /K454 K% pH s ZURARERPER), fERRTE pH N A R 1R
Rltt, fE#% pHE ., AAH-DOM LTI IR T VE S AN 4 AHH AH{BL, W PR 2= AR 4E
AR

120

= b g [_]AAH

% 100 - & AAH-DOM low

= AAH-DOM high

o b

= 80|

"5' c

= L

5 00T b

= c .

= 40 B *b

S - < Eb

2 < aap 2

= 20F ab

o I

. i

9

4 5 6 7 8
pH

El 4 7 pH4-11 SEEIR W(VI)ZE AHH 1 AHH-DOM 2£37 5% 49t o IR Bf

10 11

Fig4 Adsorption edges of W(VI) onto pure Al hydroxide and Al hydroxide-DOM coprecipitates at pH
4-11. The data represents as average = SD (n=3); Dates with different superscript letters indicate a
significant difference between treatments at p<0.05 level by LSD test.

3.3 X Stk FREIE 1T

X WG TRENE (XPS) 22— M MR I i HoR, 5t it w 4% J 1
S5 MM EAEA RS T RERGE. B 4 B8 T WV TS 28 AAH 1 AAH-DOM
ILYTIEPI O1s XPS ik, 4l AAH F£ 5 11) Ols XPS JeiE S sk, — &0 N
) (AI-O-AD : 530.8 eV, 7134 —#i4r R EI% (AI-O-H) = 532.1eV. Xf

T AAH 1 AHH-DOM FEPT3E K Ut , Al-O-H iZZHAEA7 T 532.1 eV M 78.3%k 2> & 72.5% o
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X RET 1388 em AbYH R IR FTIR H) (Bl 2(e)) , XAESE T WERE SR ITE AL,
HFB 7 DOM &H#E31 AI-OH. [FI), XFT AHH R, W W(VDJE Al-O-H %4
731 532.1 eV M 78.3%3 70.9%. 5 Dul'5E AWFFE RN 2, 255 WVDIHBEAEH
I, KRR T Fe-OH £ @lib, AT W(VID)5 Fe-OH JE AN ER AL 547) -
I, WV I BA 5 3R 1 Al-OH M ELAE L, TR BRI N BRI 254 i A-O-W 4118221
X T AAH-DOM FLUTIE IR WV S, AR IR 4.1%, XML B2 AT e
H T DOM f£ERF, W(VD IR &8N, X SRR 25 R — 5.

AAH-DOM_high

AAH+W AAH-DOM_high+W

532.1 eV 532.1 eV

70.9% 68.4%
530.8ev gioc;f/“"
29.0% i

n L n 1 n i | L " i i 4 1 F: i " " 1 " i " n 1 " " " n
536 534 532 530 528 536 534 532 530 528
Energy (eV) Energy (eV)

5 AAH F1 AHH-DOM _high £0EMIEE W(VDIRMIFIAR MBS 5L T B O(1s) XPS Htik
Fig5 O(1s) XPS spectra of pure Al hydroxide (AAH) and Al hydroxide-DOM coprecipitates
(AAH-DOM _high) with or without adsorbed W(VI). The blue and red lines refer to different O species at
energies of ~532.1 and 530.8 eV, respectively. The corresponding percentages (%) are shown in the
brackets.
AT FEFREWTE) WVDE T E T it 5 AAH-DOM JLTE 1 DOM 44,
BE— B34 TR W(VD)RT 5 AAH-DOM ff) Cls Jei &, Z55La1E 5 fion. Cls XPS
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Fig 6 C(1s) XPS spectra of pure Al hydroxide (AAH) and Al hydroxide-DOM coprecipitates
(AAH-DOM _ high) with or without adsorbed W (VI). The red, green and blue lines refer to different C
species at energies of 288.5, 286.2 (285.9) and 284.7 eV respectively. The corresponding percentages(%)
are shown in the brackets.
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Fig 7 Tungsten(4f, 5p) XPS spectra of pure Al hydroxide(AAH) and Al hydroxide-DOM coprecipitates
(AAH-DOM _high) before and after the binding of W(VI).
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Fig 8 FTIR spectra of pure Al hydroxide (AAH) and Al hydroxide-DOM coprecipitates

(AAH-DOM _high) with or without adsorbed W(VI). Subtraction spectra are given in the lower panels,

and dotted lines represent that the transmittance of the subtraction spectrum is equal to zero.
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