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Understanding the spaciation of the multoxidation states
of selenium is vital O predicting the mineralization,
mobilization, and toxicity of the trace element in natursl
A sequential extraction schame {SES) was developed
for identification of Se oxidation states that first empioyed
o1 MpHTO KaHPO,—KH:PO4 (P-buffer} to ralease
soluble salenate (Se™) and selenide {Se~") and ligand-
axchangeable selsnite {Se*™). The second step invoived
axidation of organic materials with 0.1 M K:5:0¢ {30 °C)
1o release Se " and Se*V associated of occluded with organic
matter. The final step used HNO; (20 °C) to solubilze
insoluble Se remaining in the sampie. The solubilized Se
compounds were spaciated by 8 salective hydride
generstion stomic absorption spscirophotometry technique.
Accuracy of the developed SES method (35— 103% recovery)
was verifisd by use of prepared Se compounds of known
speciation, NIST standard refersnce materials, and existing
salaniferous soils. The average precision (relative standard
deviation) for the P-bufter extraction ranged from 5.5
17%(n=12);the pracision of the persulfsts extraction ranged
from 26 t0 3.4% (n = 12}, and the pracision of the nitric
acid extraction ranged from 28 o 7.4% {n= 12} for three sails
extracted at four diffarant time periods. The mathod was
spplied to analyze Se species in seleniferous plant, sofl,
and sediment samplas.

Seﬁmhnnhasbeoomeoneofthemﬂammimnmd
dxmmh:ﬁdmdmi-arid
pommsofthewestemUnitedSmmm. Accurate deter-
mination of Se speciation is vital to understanding the
potenﬁalformobﬁimﬁmmdmﬁdxyddnm In
mvkmmmmlumpmmymdd&em&mdm
mW&*W,Mw(Se%MM.M
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structive method are the relatively high detection limit for Se
[0.01 g (kg of soi)™'] and the need for a radiation source.

Chemical extraction techniques are @ more traditonal
approach for Se oxidation state identification. Tessier et al.

investigatons of trace element speciation in biclogical
samples. Though sequential extractions provide much
informaton on element distribution, sequential extraction
techniques have often been criticized for failure to address
element redistribution during extraction and for lack of
selectivity, based on results obtained with model substances
to irnitate mmralsoﬂsorsedimenn(&-n. The use of certain
extractants suchasNaOOormmdadddigmonsma}m
the oxidation state of the element and can accurately provide

metalchemisuyandgeochenﬁmibebavior.iﬁsmts:mﬁng
mmmesequmnﬁmmmadmsedfmmm
metals are not applicable to Se extraction (12). The principles

mobiﬁzaﬁonpozenﬁalarenotwnmders:md.mdﬁdmt
percolatzimomegmundwamua, 16). The inability of
praenﬁyempleyedenncﬁmtzchniquﬂmﬂmﬁfyme
mmof&m&mnmmmm&m@@md
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isterals and Motheds

Atpmic absorption measurements (HGAAS) were
made with a Perkin Elmer 3030B spectrophotometer (Perkin-
Elmer Corp., Norwalk, CT) equipped with a Varian Model
VGA-76 (Mulgrave, Victoria, Australia) vapor generaton

paratus. ASe electrodeless discharge lamp (Perkin-Elmer)
operated at 6 W was used as the radiation source. The
operational conditions were as follows: acetylene flow, 2.4
L min-!; air flow, 6.0 L min™'; purge gas fiow, argon, 30 mL
minY; sample flow, 1.0 mLmin™"; 6 M HCl flow, 1.0mL min™"
reagent flow, 0.6% NaBH,~0.5% NaOH, 033 mL min™"
wavelength, 196 nm; and slit width, 2.0 nm. A quality
assurance procedure for Se analysis by HGAAS was employed
as follows: Duplicate samples were analyzed with calibration,
reagent blanks, NIST samples, and spikes (20 ng of Se mlh
10 check for interferences at the beginning and end of each
HGAAS run. Acceptable data quality objectives were as
follows: spike recovery, 90— 103%; precision, 10%; detection
fimit, 0.01 mg kg, All glassware was cleaned with detergent,
rinsed, soakedovemightin4MHNO;,rinsedsixdmeswiih
deionized (DD water (>5 x 10~% dS m™1), and air-dried prior
to use. Many metbods have been employed for Se analysis
of environmental samples, and the pros and cons of each,
i HGAAS, are discussed in a review by Robberecht
and Van Grieken (22). The use of proper blanks, spikes, and
reference rmaterials with a certified Se content and a VGA-76
hydride generator for precise signal integration resulisin a
very reliable and sensitive method for Se analysis.
&nd Standards. Stock solutions {1000 mg of Se
-1y of Se (+IV and +VI) were prepared by dissohution of
NaeSeO, and Na:5e0, (Aldrich Chemical Co., St Louis, MO)
in DI watetr. wozﬁngstandardsofbmconmnmxbmwere
by serial dilution of stocks using DI water. Baker
@. T. Baker, Inc., Buffaio Grove, [L) instra-analyzed grade
mm,and%mosmmdﬁnmspedﬁedmtys&NaB&
snd K505 were used as received from Aldrich, and KHPOs
mMmobMMmBakﬁ. The Se reference
stsndards, wheat flour 15672 (1.1 mg of Se kg™, bituminous
coal fiy ash 1633b (1026 mg of Se kg1, and standard Se
reference material 3149 (mgdSeL")wereobminedtrm
the National Institute of Standards and Technology (NIST,
Caithersburg, MD). Goethite was prepared by reaction of
dissolved Fe(NOg)s with NaOH (23). The Se® compounds 1
mdzwerepreparedbyrmo.leSeOf‘ {as N2:SeCy)
vmho.luMasmrbicaddandSe’m.Bmpreparedby
reacting 0.12 M SeOs>” {as Na:SeOs) and 0.13 M cystei

sgructure

cmmmdmrmem&wntmxuremnedbymmﬂ.

Sample Preparation. Pxcess water in the collected soil
(O—ISmdeplh)andwdimfmgmphsmanowedmdrﬂn
and then the sampies were air-dried. Plant material that
appeared partially was removed from the
mtersonpmdm.ésoﬂnmplebefmeaix—drying The soil,
Semfaeuce,mdphmmamiﬂmgmnmdwimmm
mmmmmwamuw;‘mm),
@.edaw%mmmmmdmmdmpommm

N was determined by the method of Bremner (25) and texture
by a hydrometer method (26).

Total Se Analysis. Prepared soil and reference material
(0.20—0.50 g) were placed in a 100-mL PTFE (Tefion) beaker
with 5 mL of aqua regia (3:1; HCEHNGy) and 2 mL of HF,
covered with a watch glass, and heated at 110 *Cinasand
path for 2 h (27). Boric acid (1 g) was then added to complex
the excess HF, and the sample was diluted to 100 mL with
DI water and rransferred to & 100-mL polyethylene bottle. All
samples were then stored at 4 °C and analyzed within 7 day
of digestdon.

Plant material (alfalfa and partially decomposed Kesterson
pond no. 4 plant residue) was digested for total Se content
by modification of the HNOs method described by Banuelos
and Pflaum (28). Briefly, 05-1.0 mL of 17 M HNO; was added
to the plant material (0.01-0.208) in a 25-mL graduated glass
test tube, covered, and allowed to react overnight, and then

werethennealedwimlmLoimH:ObhutedaM%%,
andlb\atertreawdwithlmLofO.lMKaSzO‘fmSOmm
(130°C) andeoo}ed,andO.SmLofsamLedNH:OHHClwas
added to reduce excess HNOs. The sample was then reduced
with 6 M HCl until bubbling ceased. Samples were analyzed
for Se by HGAAS.

mpwummrmmmmsm-
tion. TbefoﬂmvingSESwasdevebpedforanﬂysisnfsolub!e,
adsorbed, organic, and insoluble Se present in seleniferous
samples.

Phosphate Extraction. Prepared material (0.1-5.0 g) was
placed into a 40-mL PTFE centrifuge tube and fractionated
as follows: AZS-mLaﬁmmtO.lM(pH?.O)Kz}m—KHzPOc
bxﬁa@-m)maddedmmcpreparedmwcapped.
and shaken (130 oscillations min~! at ambient temperature)
on a horizontal shaker for 1 h. When <5.0 g of seleniferous
matetialwasﬁu:bnated.?mochewﬂm:dﬁedmequal

Zﬁmin}.mdthempernnmtmdeamedmaso-ml.
polyethylene bottle. The sample was then shaken for 2 min
with 5 mL of DI water and and the supernatanis
were combined A water extraction (25 mi; shaken for 1 b)

water-soluble Se.

The concentration of each Se oxidation state was deter-
minedbyi—i&ASomhmemnnemsofmeEWorm
extract. Thisproced\neanbhsspedxﬁnnof&*'", Se*t¥,
m&*mmmmump-mbym

0.1 to 2.0 mL of the water or the P-buffer to 25-ml. graduated
ghsmmbamdaddeddxm 1) 6 M HQ for
Se*“mn:ﬁm(mbetﬁnszmmmmﬁldﬁc
mwdnso‘C&xaominixSe""andSe*“mm
(ZSmLmD;B)lmLofOJMmcSO'Q&tSOmm:o
m&*m&wmmmdsumaﬁm

ethimﬁmﬁe")@dmamdmﬁamnmmdm
whhﬁx?-buﬁetmukedh>95sspikzmymmby
the listed HGAAS speciation procedure. CAUTION: 6MHCL
mmm&mwmamwm&wm




TABLE 1. Properties of Sails Used
srganic C? inorganie §° tetal B¢ send clay wint Se°
gail pite (g (kg of s0il)™7] (g (kg o soill-"] g (kg of 2od) ) (g (kg of s0il} "] (g (kg of s0il)™"] [mg (kg of saili ™1

Peck 7.88 4.8 3.0 128 230 290 11.7
Kastsrson pond no. 4 7.63 8.7 33 4,98 580 180 4712
Kesterson pond no. 7 7.28 183 3.0 4.80 420 180 6.7
Kesterson pond no. 11 7.70 15.1 28 3189 380 200 5.2
Lost Hills pond A 7.60 85 3.2 6.43 320 230 439
Panhill 7.98 5.8 2.5 112 480 320 0.3
Panoche 8.08 5.6 4.2 1.18 320 380 0.1
San Luis Drain sediment 7.91 333 565 9.51 10 780 8.8

s The pH values were detarminad on 8 12.5 soil to water ratio. ® Organic C comant was detarmined by differsnce between total C content and
inorganic C content by Coulometric C anatyses. ¢ inorganic C contart was deterrnined by Coulomatric C anatysis. ¢ Total N was determined by block

digestion and colorimatric NH, determination. * Total Se content was

detarrnired by mixed scid digsstion.

TABLE 2. Extracties Eiciescy of L1 - K0,
mumwnsmnﬂmnhww

solosits sdditien selesite FECEVErY
matarisl img kg™ (=g kg™ @6
Goethite 1.0 0.72 6.72
5.0 4.03 0.81
10.0 9.12 0.31
pPanoche soil 1.0 0.98 .98
8.9 498 6.89
10.0 10.05 1.00
Panhill soil 1.0 0.97 0.97
5.0 487 .98
10.0 8.98 0.98

'1&u&§mmd&19dgoahML"10"MNaClmMin
40-md. Teflon wibes and incubated at ambient tamperstures
for 2 h sher sddition of 0.1 udmrmwmm;mw

Snmhmrpﬁonmmnimdmmaaddiﬁond

mwmmwmmdsudmu
PMronde?ﬁsHGAAS.

HGMSanaiysisﬁu:Se*“shO\ﬂdbemmpleiedwi:hinzﬂmin
aﬁeraddiﬁond‘GMHG(malysisn. High levels of

Se*™ by the persulfate treatment, HGAAS analysis was
peﬂcmedmamm(os—zOmHuwedﬁmGMHd
{zmiZSmDnﬂheamdnSO‘Cfmaomm A NaOH
ema&cﬂlﬂimsof;zmmnbembsﬁmtedfmme&m
e::ncdm.and&*"mdSe‘“mnbeidmﬁﬁedinﬁ:erH
extractssmniinedmtbeP-buﬁxseaion.HGAASstepl
Se*™) and step 3 (Se™® and Se*™).
Nitric Acid Oxidation. The material remaining after
pm&mmmnsmmmzﬁmh
dl?MHNO,.medeO%brwmin.andthmwgm?
ccoled,menmmLufDlwammedded.mdmesampb

wwe.%dmgmﬁm!mpemmandcenuifu@ﬂoem;
demd.andSeamlysis(Se”’)waspe:ﬁmmed
ansamplegliquots(b.l-l.ﬂmnumedwithGMHQ(mw
25 ml) heated at 90 °C for 30 min. The refractary Se
gﬁubahzdbymennﬁcaddnumemkrefwedmuw.
CAUTION: I the sample contains carbonates, possible
gamp&bssmaymuponmy'd&dﬁonofnmwa

TABLE 1 ises of Petzssism Persaliste Levels
ma&M%«mw' Ratib

mdraction
x,s,oi = &:So lsgefSe 11 total
maarial conea (M) m‘u-nﬂ ue’unnd) wd2 $¢
Lost Hills A 0.04 5.4 3.7 9.1 438
(4.57) 0.10 10.4 8.7 19.1
0.13 10.9 55 18.4
0.20 138 58 185
Kestarson 0.04 5.7 30 87 47.2
Pondno. &4 0.10 88 53 141
(4.38) 0.13 118 5.4 170
0.20 145 52 198
metaliic 0.04 4.0 50.2 91.2 100000
Se {11.58) 0.10 141.0 183.0 3340
0.13 150.0 3370 487.0
0.20 §18.0 §27.0 14400

» hdstarial {1 g of soil 0r 0.9 gdmﬁk&)mbofhdbﬂhm‘&
Wﬁdwmmmhammm

tube and centrifuged, the supermnastant was removed, then sn
asdditions! 10 mi of specified concentration was sdded, snd
the process wis The wers analyzed by HGAAS.

supsrnatants
mmmmimms-nmwmmw
MPMrmmmdmnﬂw&m'Tod&m
Imh"dnﬁ)"]dmﬁmdwmdnddw

due i extreme effervescence in the sampie. Nitric acid should
be:ddedverys&mviymamp@tominhniathisrea&m
Inaddiﬁon.theCOzgenattedbyheeﬁngmesamp&ewitb
mmmmwmmmwmm@m
mimittbepossiblelosscfsamplemdmmizam&yst
exposure to the acid.

Bessits sad Discussion
Seleniiferous Sofls. The chemical and pi properties of
&:dgmsoﬂsusedmthismﬂym in Table 1. Soil

Mnﬁmmpbmobumdmmemuﬂsm

Selentum Water Extraction. Low levels of
Se*“spedeskz%ofSeinvenmty)insdaﬁfemmwﬁsm
mmawam-anacmbiem(sn. Results from a water-
anacﬁm(SgofdeZgofﬁyuhmateﬁﬂ;ZSdemet)
smpbefmetbeuseoftheP-buﬁahnﬁwd&ms.&l.ﬂ,u.
md?.O%uﬂheSeimenmrywum‘somﬂeSeminﬁn
Pwk,mmsonpwsimdnd}s,ardmwuhlm,
respectively. The water extraction quantatively removed the
Se*“spedaprmtinthewiahmmd.aﬂmlym
Jevels of Set were detected.

3 Bugfer Extraction. Phosphate-based solutions
mcmnmmlyxsedfurmﬁmrﬁadsmbedmaf&
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TABLE 4. Pstassizm Pursalfuts Extracties
egleaiterous Sofls msd Staadard Materisls®

K:$:0s mixed ecid recevery
exwacten exwectien (QG)

Pack {4.23) 9.83 1.7 0.84
Kesterson pond no. 4 {4.36) 9.88 472 0.21
Kestarson pond no. 11 (1.47) 3.00 52 0.58
Lost Hills A (4.57) 10.6 439 0.24
Kasiarson pond no. 4 16.4 845 0.19
plant residus (7.34)
San Luis Drain (5.95) 10.3 83.8 0.12
NIST fiy ash 1633b {2.85) 9.32 10.2 0.81

¢ A 1 g ssmple was placed in 8 40-mlL PTFE centrifuge tube and
pasted for st 90 °Cfor2n ahar trastrment with 0.1 M K;5;0s. The tube
contants wers cartrifuged (10000g) for 20 min, snd the supsmatant
was recovered for HGAAS snalysis. The vaiuesin psrentheses indicste
the Se content of the p-putfer for the ssieniferous matsrial spacified.

matarisi

from soil/sediments (17, 32, 33). Laboratory screening of
potential extractanis showed that an equal molar ratio of
KH,PO—K:HPO, (0.05 M; pH 7.0) resulted in quantitative
recovery of Se*™ and Se*1 spikes by HGAAS. Table 2 shows
the exirsction efficiency of the P-buffer for selenite spiked

binuclear Fe sites selective for selenite. The 0.1 M (pH 7.0)
K,HPO,—KH:PO4 buffer was developed for extraction of
xﬂubleandﬁgandmhangeeb\e&mawidthelw pH value
(4.8) of the KHoPOq, which has beensbown to introduce'Se
re-distribution

phosp
Bmmm&zphm;rom’n(aﬁ'jmdmmh
mmﬁmpmwmﬁpmhmm
se&exﬁfetousplantmamrialinsoﬂ. We achieved >35% spike
mwymsb?theHGAASspednﬁmmmdurewhenw
spiked{lﬁgafeachSespm(gotmin"]amnseimiferous

seleniferous
and Se~¥ (<10%) when

to the mixed, acid total Se
mdmmﬂsauu These results are
in with results, which also determined

Persulfate
that the majonty
removal of soluble Se. Cunzru?)reponeddmaz%lte&o.
addmenmsmeﬁemveondammeﬁmwmemganm
interferences ptweutinsedim&—mﬂﬂ extractions. The
meofX;SzO;mwiubﬂizeandrdmeSematmayremain
after the P-buffer extraction was i i The data

mdin'tabLeSshowthaIK;SzO.mnaﬁom&um
G.Mmozmrwsedgrmamomd&mandidi’-buﬁa
Wmmmmmaﬁmm&mmm
mespikedmmBiCSe(<o.34%ofspihdmenBicSe)axao.l
M K:5:0y concentration. We estsblished that prolonged
aﬂﬁzingwaﬁiﬂms{>0.l Mksgoa;>2hbaeﬁng)re£%sed
aﬁm&wmmof&mmmmmatmybe

B TEAWNO OGY CVOL 3t NG 1597

Exiracipng SpecBon pEocedure

0.1 J KHPO,KHPO, (pH 7.0} SaslV - 8 i WCK
SesVl - 8 M HCI 90°C;

Sa-1t - 15,0 + 6 HCI SO°C

99 M %50, T Sa+1v 800 Se-il - § |4 HCI 90°C

NG sed S0°C Refractory Se° - 8 M HCI 80°C

FIGURE 1. Flow diagram of the sequential extrectiea schems end
ths HGAAS specistien procedure.

present in the sample. Based on these extractions, we
conclude that optimum extraction of Se from soil and
sediments with limited oxidation of insoluble Se forms is
obtained with 0.1 M K.S;0x (5.0 mL (g of soil)™] reacted at
80°Cfor2h

Table 4 shows that a 0.1 M K;S;0y extraction for 2 h at 30
oC recovered from 91% (NIST fly ash) and 84% {(Peck soil) of
the mixed acid total Se inventory to <22% of the Se inventory
fromzhel(%tersonpondm.ﬂoﬂ.pomim&phmmddue,
and the San Luis Drain sediments. Niss et al. (18) found by
ion cbmmawgraphjcm}ysisthaxtheSeprmntinmeNm
ﬁyashlmaandomertesmdﬁyashmamlsleadmdwim
NaOH was predominantly selenite. Our analyses of NIST
ﬁyasblmbdetcrmmdthalanlym&themml&imenm
waspraentu?—buﬁersohzbleormhangeabk&,mgmﬁng
thanhemajomyoftheSePGS%)intheﬁyashsamp&ewas
in a strongly-bound phase. The use of K.S:0s oxidation results
in solubilized Se extracted as Se*"! species. This oxidation
eﬁecﬁvelyﬁmixsthenotedre-distﬁbuﬁoneﬁwsmatwould
bias results but would also eliminate the potential for further
Se speciation.

To determine which Se species were present in the K25:04
extractions, a 0.1 M NaOH extraction (25 mL) was substituted
for the K.$;0s extraction after a P-buffer extraction in the
Peck, Kesterson pond no. 4, and Lost Hills A sails. Speciation
of extracted Se has been reported to remain
xmcbangedmo.SMNaOHcomenmﬁmsfoushngn4h
(13, 16). In addition, our research has shown that amor-
phomusformofSemmtexmedbymeofNaOH(dam
not shown) or the 0.1 M K;5;0, extractions. Sodium hydroxide
extracts were found to contain 85, 42, and 27% of the
m&&amﬂ&bmﬁ@ndw
&memmmmammp@
po. 4 soils, respectively. The remaining Se in the NaOH

that Se-U was present as seleniferous plant material. These
results show that with the exception of the Peck and Kesterson
pondno.nsoikmdthemﬁyuhlmb,ﬂnmdod!yoi
Se (>75%) determined by mixed acid digestion fox the
Kas&ersanpondmAmdLostl-EﬂpondAsdhmdSmuﬁs
Drainsedimammmtmmtediabyﬂxm,me
P-buffer, or the 0.1 M K:S70, extractions.

Nitric Acid Extractions. Discussions with NIST technical
staff (. S. Kane, personal communication) determined that
NIST Se reference standard 3149 was prepared by solubili-
mﬁondmemmcseinmmmdnmicaddicnowedby
dilution. This technique that refractory Se re-
mmmmmr-mmmm
could also be extracted by & HNO, treatment. Preliminary
mmmmx«zuma—mhm' s
°C) was ineffective for the removal of additional moounts of




TABLE §. mﬁsewmwm.wmammsmmwmmammw
8.1 M KH,PO—IGHPO (pH 1.8

sa+¥ $e+¥ $af TP-hufier K50, 0.1 84) KNG, 288
wgofse (sgofSe  (agolSe (ag of Be {ag of 8o wgefSe (ugoiSe  tstalSe
meterial rep recwversd) roegvered)  recovecsd)  recoversd) recovered)  recoversd) rocovered) lwg¥
metallic Se 1 6.21 0.78 11.8 12.8 1008.0 63750.0 64770.0  67700.0
2 0.0% 0.45 1.25 1.71 792.0 35425.0 382200  38200.0
smorphous Se 1 1 0.08 1.87 131 151 592.0 20901.0 21510.0 22500.0
2 0.08 1.87 8.58 10.3 402.0 22951.0 23360.0  25300.0
amorphous Se 2 1 0.41 0.57 7.43 8.41 272.0 18459.0 18740.0  20000.0
2 0.32 0.42 11.8 12.5 225.0 17964.0 18200.0 17400.0
smorphous Se 3 1 0.64 1.72 12.9 18.2 805 18102.0 19180.0 19900.0
2 084 1.79 12.9 14.0 3’5 18765.0 18820.0  19500.0
sifatfa i 0.33 0.11 87.1 878 23.0 28.75 137.0 140.3
2 0.28 0.2 g1.2 818 25.4 228 135.0 137.2
Kestarson pond no. 1 0.43 1.33 5.58 7.34 5.08 14.70 74 26.73
4 plant residue 2 0.84 1.58 3.9% 8.21 8.08 13.74 28.0 25.37
NiST fly ash 1833b 1 2.3% 0.41 NDe 238 4.82 8.70 14.3 13.91
2 31 0.8 ND 3.61 5.87 7.4% 18.7 17.29
NIST fiour 15878 i ND ND 0.80 0.80 0.75 MD 1.55 1.48
2 ND ND 0.84 0.84 0.56 ND 1.18 1.28

'Ad‘tsrrm'mdumphmiqhtdnhnﬁommmd&lmgd&dmc?mocmaoiltooqualsginaMPTFEamﬁwcmbo. The sampie
was treated ssquentiaily with the phosphate buffar, KeSz0y (30 °C) and HNO, {30 *C). The sampis was cantrifuged (10000g} sfiar each extraction,
mdtheaupemmmmmmwd. Thtumphwathonwmm5mdmr,wumphmm,mdﬂuwpemmm
combimdnndmntdm'mm‘mnmrmm'Tmﬂ&wmdctnmimdbymixsdaddhydmwd&'ﬂb,mtmd.

TABLE &. mammmmmmmm
8.1 M KtP0,— OGP0 (pH 1)

T s $a*%® 8s~* Traafier &1 0 K50 HE0, 8e

fmg of So mgslls fmg of e g of So {sag of So {msg of S¢ mgedSs  tatal

se ficg of seill™T) (kg of s} ) fig of sodl)"] (kg of solll"] (kg of seill '] fcg of 00il) 7] (kg ol sedll ™ 8¢

Pack 3.38 0.81 0.03 4.23 8.71% 224 12.2 11.7
Kasterson pond no. 4 1.84 242 ND* 4.36 8.31 33 478 47.2
Kssterson pond no. 7 0.24 0.30 0.08 0.60 .31 560 8.51 8.7
Kesterson pond no. 11 0.17 120 0.1¢ 1.47 1.83 218 529 8.2
Lost Hills pond A 1.80 220 0.17 4.57 499 349 44.5 438
San Luis Drain Sediment 0.17 158 4,19 5.95 1.72 8.1 78.7 &8

-Wumpbof.cﬂmmm.mmmm-mmwmmmw.mmnmHno,
{90 *O). mmmmammwm Thoampbwammmsudm.hmww.
-mmcmwmmm-mmmmmmm‘r@&mmwm«.«mm&mt
detected.

(I.Sh)quanmaﬁvetymmovadmeremammg&ﬁ-omthis sugwammeP-buﬁu-emmbleSeisavaﬂabkmsdl
soil ‘l‘hesemuhsmgestmaamnitﬁcaddoﬁdaﬂon microorganisms. Atprm.Sespedaﬁcnmuhh:gﬁum
hnﬂmbbmmmhxbh&fomsmningmwﬂa the soil mineralization of organic Se present in seleniferous
mwmammmmm plant residues is not known.
three-extraction procedure provides a means for Appﬁmﬁondmismethodmsdenifmsikwhh
mmﬁngh&medummmnlsmphA m&mmmmmmm
mmmmmmmm& sedimen:.thel.odl-ﬁlhpmd&mddx!mwnds&
spedaennaedisdhgzmedinngmel. md?soih.wﬁchhadbmexpmedtopondedwmfm
Smm.mmdﬂxdﬂdopeds& mdedpabdsofﬁme,hadwﬂotthemmdldd
potooolfmmcﬁve&myme@edbythemdﬂion digestibleSehxvmmpxaem:s}morsohkaehrms
damdmmmmmm {Table6). These results are not surprising since water ponding

Se (Table 5). mmymddded&mged&omss merpMng.bademeSemvenmryinmaeSeforms
mxmmmmmqssdﬂxmmntm wﬁhthemajmﬂydma&mtmmekmﬁamd

Sefm-msmsoh&:ﬁmdbytheP-hmmm persulfate extractions. These extraction steps represent the
sohxﬁmswhﬂemrwﬁngthemomso!nb&&wmpmm adsorbedandorgmicSepoohdSepxaemmtheslehe
Danfmmthisemacﬁonmahodindicatethn>st)%oithe mixed redox status of Se in this material is consistent with
Sep;memmmemndecemposedmﬁmaﬁaﬁak'm interminmipending,pmdudngpaiodsofhigmyredumd
{heP—tmﬁare:nacﬁonwimqs%inthe}mm and aerobic conditions. In contrast, the Peck sail, which
m&mmtmcmmmmeparﬁaﬁydecamm aperiemﬂunhmwnwmpmdinghadmlylsﬁdme
Kesterson pond no. 4 plant residues of which <27% of the Se inventory in the HNOy-sclubie Se forms. The small quanity
Sefctmdh:ﬂ»?-buﬁe:emuﬁmwithmﬁme&m of reduced Se is consistent with the predominantly serobic
recovered in the HNO, extraction. The depletion of the conditions in the Peck pond. Tokunaga et al (37) reported
P-buffer-soluble Se from the parially decomposed plant >70% of the total Se inventory in the Kesterson pond no. 11
mamziala.smpamdtothemposedphmmmmﬂ wﬂwazasarpnic-assodﬁed&mmbiewﬁhbim
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TABLE 7. Extraction of Sslsaiem Species krem Seleaiferves Haterial with Water, P-Buffer, HaOR, cud NG, Sequential Ertractise’

1 e 8a+¥ $¢* $at ttal Seb
material {mg ot So kg™") {mg of Se kg™ (myg of Se kg™ {eng of S0 kg™ ") {mg of S8 kg™
Peck 0.81 {100) 8.24 (3.3} 2.24 088 12.18
K ssterson pond no. 4 2.48 (100) 4.36 (1.0) 27.73 13.23 47.80
Kasterson pond no. 7 0.50 {100} 1.11(1.4) 2.29 2.80 8.70
NIST fly ash 1633b 0.15 {100) 7.4 7.0} 1.87 0.15 10.11

o Matorial Bgofsoilor 2 ¢ of NIST fly ash 1833b) was sequentiaily extractad with water, 0.1 M P-buffer, 0.1 M NaOH {90 sC), and HMNO, in a8
40-mil PTFE centrifuge tube. The supermatants were anatyzed by HGAAS apeciation techniques. # Totai Se content {mg (kg of soil) '] iz the sum
of the Se~" (water extraction}, Se*V (wstsr, phosphats, snd NaOH sxtractions), Se* {nitric acid axtraction) snd Se ™ (phosphate and NaOH extractions)
anatysiz of the four extractions. Valuss in parentheses indicats the percentsge Se prasent 33 witer-soluble forms.

Exvacam Speciation procadany the soluble, ligand-exchangeable, organic, and insoluble Se
o Se+IV - 8 i HCT forms in the samples analyzed. The lack of interferences
MS"::‘S.&!} :‘i AT combined with limited re-distribution effects and the noted
e accuracy and precision provide a valuable research tool for

3

investigations into the very complex reactions involved with
Sesfv - 8 3 HCE Se in natural systerns.
Se+vl - 8 f HOI RO°C:
Sa-if - 1,5,0, ¢ 6 M HCI T

0.1 §f (AP0, HOLPT, P 7.0
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