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Speciation of Arsenic and Selenium Compounds in the Environmental
Field using HPLC Coupled to Specific Detectors

Cheolho Yoon, Kyungho Chung*, Jongki Hong
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126-16. 5St., Anam-Dong, Sungbuk-Gu, Seoul, 136-701, Korea
*Polar Sciences Laboratory, Korea Ocean Research and Development Institute,
Ansan PO. Box29, Seoul 425-600, Korea

This review deals with liquid phase separation of major arsenic and selenium species followed by element
specific detection. The species-selective trace elements analysis is critically evaluated with particular emphasis
on the use of techniques combining high performance liquid chromatography(HPLC) with an element specific
detectors(e.g. AAS, ICP or ICP-MS). The potential and limitation of hyphenated techniques as a tool for spe-
ciation of arsenic and selenium compounds in environmental materials is discussed using a number of exam-
ples drawn from the latest research papers.
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Plant and animal biochemistr:
ecotoxicology, nutrition
0O id species: i
selenoaminoacids

Phytechelatins: Cd, Cu, Zn, Co, As
Metallothioneins: Cd, Cu, Zn

Macrocyeles: chlorophyll derivatives, cobalamines
Polysaccharides: Pb, Sr, Ba, Ca, Mg

Environmental
Redox states: As(III/As(V), Cr(il)/Cr(V),
Se(TV)/Se(V1), Sh(I/Sb(V), Fe(Ily/Fe(lI)

metal and
metalloid

species

Alkylmetals: Me,Sn®™*, Bu,Sn*™*, Ph,Sn®"",
Me,Gein™™", Me:Hg, Et:Hg, MeHg',
Me,EtoPb*™™, MeCd', Me:Cd

Clinical biochemistry
Metalloenzymes: Zn, Mo, Co

ugs: Pt, Ru, Ti
Nucleic acids: Cr, Ni, Pt, Ru
Transport proteins: Al, Cu, Zn, Fe

Industrial chemistry
Metalloporphyrins: Ni, V, Fe, Ga

Catalytic mixtures: Ni, Rh, Ru
Organomercury and -arsenic
Shale oil, petro, natural gas condensates

Fig. 1. Target areas and species of concern
speciation-related research.
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Ion-paring
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Absorption : Flame, QF, GF
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Mass : ICP, HR-ICP
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Table 1. As species separation by ion-pairing reversed-phase chromatography coupled o specific detectors.

Column Matrix Species Detection Ref.
Dionex NS-1 5pm As(IIT), DMA, MMA,
250 x 4.1 mm) Grondwaters, NIST SRM 1643b As(V) HG-AAS 2,3
As(V), As(IIl), AsB
C18 Phenomenex ODS@3) 5 um |, . . ’ ’ ! . IMD-HG-AAS,
2 x (250 x 4.6 mm), 30C, 70C Urine (NIST SRM 2670) MMA, DMA, AsC, HG-AFS 9, 10
TMAs
C18 BST Rutin 10 yum Standards, Six drilled well waters, |As(Ill), DMA, MM4A, |HG-AFS, 20. 19
(25 x 4.6 mm), 24C Fresh water (NIST 1643c) As(V) HG-USN-AFS |©7
Dogfish muscle (DORM-1), Three
Hamilton PRP-1 10 um (250 X|mineral bottle waters, 12 spring %SI\%\ AsB,  As(ID, ICP-MS 21, 22,
4.6 mm) or (150 x 4.1 mm) waters, Fish muscle, mussel tissue MM A’ As(V) HG-ICP-MS |23
(BCR CRM 278) ) 89
SGE Inertsil ODS-2 5 pm (100 x . As(IIl), DMA, MMA, D
1.0 mm) or (250 x 4.6 mm) Standards, Urine As(V), Asorg DIN-ICP-MS |14
. Standards, Water (NIST SRM As(ll) /AsB, DMA,
flg )Spher‘sorb BHm (150 X146 12,0 Soil extract (NIST SRM | MMA, HEN-ICPMS |15
mm 2709), Urine (NIST SRM 269(n)) |p-As, As(V), 4-OH

2 C183% PRP-1o]9 5-8u 2% (socratic elution)7}
7P Eol AREEIT A7E T2 FHEHoY BN
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A FAAIE 108 AEE Vepstth dikzel ICP/
MSZ= AZIA7E € 2 1 ppbel 77heH o=
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Table 2. Separation of arsenic species by anion exchange chromatography coupled to specific detector
Column Matrix Species Detection Ref.
Dionex lonPac AS7, 10m | gop, o0 mussel extract, DORM-|AsB, As(III), DMA, AsC,
(250 x 4 mm), Dionex 34
2, mushroom, water samples, |MMA, PhAs, As(V),
ASAA-SC (125x 3 mm), Microorganism in sewage sludge | TMAsO, AsC, TMAs ICP-MS 35
Dionex PA-10 (250 x 4 ’ ’ 36
mm)

. Certified river sediment (NIST |AsSugar A, As(Ill), DMA, 37
Hamilton PRP-X100 10m | gpy1'9704) “Algae, Synthetic |MMA, AsSugar B, As(V), 38
(150 x 4.1 mm)(250 x 4.1 . Do
mm) or Zorbax 300 SCX* sedlment,. synthetlc ﬁsh,. In- AsSugar C, AsSugar D, |ICP-MS 39
5m (150 x 4.6 mm) house soil, in-house sediment, |AsB, TMAsO, AsC, TMAs 29

river sediment (BCR CRM 320)
Supelcosil LC SAX1 5m . . AsSugar D, AsSugar A,
(250 x 4.6 mm), 25C, 30C i‘iﬂzr jazvt:g;’?“ﬁ/iagﬁilgae AsSugar C, As(V), DMA, 1(1)
or . Seaweeds Estt’larine water " |AsB, MMA, AsSugar B, \ICP-MS 42
Superdex peptide HR 10/ ’ TMAs, AsC, TMAsO, TN-ICP-MS 3
30 13m (300 x 10 mm) As(III) m
with Supelguard SAX1
IO.N_RO (120 x 4.6 mm) Urine (NIST SRM 2670) AsB, As(Il), DMA, MMA, 45
with guard column As(V) ICP-MS 28
(20 x 4.6 mm)
Spiked river, Spiked mineral
waters, Ground water, Waste 46
watet, Synthetic sediment HG-AAS, FAAS, 47
extract, Drinking water, Creek Thermo-oxidation- HG- |48
waters of a old mining area, QFAAS (lamp off and |49
Synthetic fish extract, Spot urine lamp on), UV-photo- 50
Hamilton PRP-X100 10m |samples, Urine (NIST SRM DMA, MMA, As(V), AsB, |oxidation- HG-QFAAS |51
(250 x 4.1 mm) 2670), Bio-Rad Lyphochek urine, |AsC, As(IIl) (lamp off and lamp on) |52
Dogfish muscle (DORM-1), HG-QFAAS, GFAAS, 53
Seafood products, Spiked HG-AFS, UV-HG-AFS, |54
mineral water, Mushroom ICP-OES, 55
extract, Marine organisms, HG-ICP-AES 56
Mussel tissue (BCR CRM 278), 57

Cod muscle (BCR CRM 422)

* cation exchange column
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Table 3. Separation of selenium species by ion-pairing reversed-phase or vesicle-mediated chromatography

Column Matrix Species Detection Ref.
gg%“it‘i“r:g -1 10pm ‘gt“aln“:falr dssupplementa“"“’ TMSe, SeCys, Se h-Cys , |FAAS, 69,
, 5um (150 x 4.6 mm) or |Urine (NIST SRM 2670), geﬁet’ SeEth, Se(IV), Se(V1), giﬁ;sc(PnN{Sn ) gé’
(400 x 4.1 mm) White clover (CRM 402) |>°V° on-ine

70,
C,s Spherisorb 10pm . . SeCys, SeMet, SeEth, Se(V), |ICP-MS, 71,
250 x 4.6 mm) aprked waters, Yeast, Tine, |se(vy MD-HG-AAS, 66,
or 5um (210 x 4.6 mm) andards TMSe, SeCys, SeC(NH,),  |MD-HG-ICPMS |65,

67
Cys Nucleosil 5pum (ns mm) | Standards gzgﬁ Se hlys, SeMet, |\ yypN-HR-ICP-MS |72
Teicoplanin bond phase
(chirobiotic T) Yeast DL-SeMet, DL-SeEth, DL- | 7p\1q 7

10um(9250 x 4.6 mm) SeCys, L-SeMet

Mol BE %ol Imyminele] #FE AR 10 7B Ay Fol B B4 w0y Fold xag) @
RHCH S Al 2AE Se(VD oleo] 7MY % A B4 BT HE/1E AT WEe W3 g
A Bl go edth iR Tse 7F wor] $Yde] Mus gl e A% 45
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Table 4. Separation of selenium species by anion exchange chromatography

Column Matrix Species Detection Ref.
ESA Aion III 10m Animal supplementation, TMSe, SeCys, SeV), Seh- |FAAS 69,
(250 x 4 mm) Standards Cys, SeMet, Se(VI), SeEth |ICP-MS 75
Merck Polyspher IC AN-|Standards, Cooked cod, BCR |SeMet, Se(Cys)2, Se(IV), FAAS 6. 77
2 10m (120 x 4.6 mm) |CRM 402 (white clover) Se(VI) ICP-MS ’
Hamilton PRP-X100 Yeast, Splkgd urine, Bacterial | TMSe, Se(IV), SeMet, SeEth, | GFAAS(on-line), 78, 79, 80,
sample, Spiked waters, SeCys, Se(VD), SeC(NH2)2, |ICP-AES, FI-HG-
10m @50 x 1.6 mm) or |y ; iched MetSeCys, SeallylSeC AAS, HGMIPMS, |0 70 82,
GS-200* (500 x 7.6 mm) elenium enriche etSeCys, SeallylSeC, y HG-MIP-MS, | o
) vegetables, Garlic AllylSeCys ICP-MS
MetSeCys, GInSeMetCys,
. . SeLan, SeCys, SecysTat,
Crownpak(+) (ns mm) |yeast, garlic, onion SeMet, ScEth, Se h-Cys, ICP-MS 58
AdnSe h-Cys

* Gel-permeating column

Raw counts

Raw counts

Fig. 8.
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