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Online separation and concentration in FIA
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Online separation and concentration promise sensitive and reliable analyses in FIA.

In addition, they

contribute to the speciation by FIA. This tutorial review is intended to describe online solvent- and
- solid-extractions as typical and practical separation/concentration techniques in FIA. The principle, feature,
instrumentation, application and recent trend of the techniques are discussed.
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Fig. 1 FIA system with solvent extraction.

Rl:aqueous carrier, R2:reagent for extraction, R3:organic
solvent, P1 and P2:pumps, S:sample, I:sample injector,
SG:segmentor, EC:extraction coil, PS:phase separator,
D:detector(flow cell), W:waste.
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Fig. 2 Formation of 211queous and organic segments in
PTFE tube.
Agq:aqueous phase, Org:organic phase.
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Fig. 3 Phase separators.
Aq:aqueous phase, Org:organic phase, Seg: segments.
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Fig. 4 Phase separator with a microporous PTFE tube.
Aq:aqueous phase, Org:organic phase, Seg: segments.
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Fig. 5 Chromatomembrane cell.
Aq:aqueous phase, Org:organic phase.
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Table 1  Applications of online solvent-extraction FIA
Analyte Sample Extraction Detection  Ref.
Al Fresh water ~ Oxinate/ SFL, DL=2, 14
chloroform SF=30
P Fresh water ~ Molybdophospate SP, DL=0.1, 10
MG/benzene- SF=40
L MIBK
Ni Alloy and BAE/chloroform SP 21
electroplating .
solutions
Cr Water APDC/MIBK GFAAS, 17
SF=24,
DL=0.0033
Mo Plant Thiocyanate/ SP, SF=30 2
isoamyl alcohol
- Cd Fresh and sea APDC/MIBK FAAS, 22
water DL=0.02,
SF=33
Anionic Fresh water =~ MB/chloroform  SP, SF=50 11
SFs
Anionic Fresh water  MG/toluene- SP, DL=18, 15
SFs MIBK SF=20
Anionic . Fresh water ~ MB/chloroform  SP, DL=20, 23
SFs and sewage SF=30
Anionic Detergent MB/chloroform  SP, DL=0.3, 24
SFs SF=50
(DBS)
PAHs Waste water  Pentane GC 19
Diquat, Herbicide TBPE/dichloro- SP 20
paraquat ethane
SFs:surfactants, DBS:sodium dodecylbenzenesulfonate,

PAHs:polycyclic aromatic hydrocarbons, BAE:bis(acetyl-
acetone) ethylenediimine, APDC:ammonium pyrrolidine
dithiocarbamate, MB:Methylene Blue, MG:Malachite Green,
- TBPE:tetrabromophenolphthalein  ethylester,  SFL:spectro-
fluorometry, SP: spectrophotometry, GFAAS: graphite furnace
atomic absorption spectrometry, FAAS:flame AAS, GC:gas
chromatography, DL:detection limit (u g 1), SF:sampling
frequency (samples h™').
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Fig. 6 FIA system with solid extraction.

* S:sample, Iisample injector, R1~R3: reagents, E:eluent, P1
~P3:pumps, RC1 and RC2: reaction coils, CL:column with
adsorbent, V:valve, D:detector (flow cell), W:waste.
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Fig. 7 Jetring cell.
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Fig. 8 FIA system for simultaneous determination of lead
and cadmium.

S:sample, I:sample injector, C: carrier solution, R: TMPyP
solution, IC: ion-exchange column, D:detector (flow cell),
W:waste.
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Table 2 Applications of online solid-extraction FIA (1)
Analyte Sample Extraction Detection  Ref.
P Fresh water Molybdate-form  SFL, 39
Amberlite CG (DL=3)
400
\'% Fresh water KR/BrPADP ICP-AES, 31
DL=0.019,
SF=ca. 22
Cr(VI) Freshand PTFE beads/ GFAAS, 40
sea water APDC DL=0.009,
SF=16.7
Cr(Il), Sea water Muromac A-1 ICP-MS, 41
Cr(VI) SF=12
Cr(Ill), Fresh water Cation- and ICP-AES, 42
Cr(VI) anion- exchange DL=0.02
disks (cr*h), 0.04
(C*),
SF=7.5
Fe Fresh water  Jet ring cell/ Colori- 35
Chelex 100 metry '
DL=25
Co  Freshwater KR/precoated GFAAS, 32
nitroso-R salt DL=0.005,
SF=17
Co Fresh water KR/BrPADP ICP-AES, 34
DL=0.09,
SF=ca. 22
Ni Fresh water  Activated carbon ICP-AES, 29
DL=0.082
Cu Fresh and KR/DDC FAAS, 30
sea water, SF=46,
rice DL=0.2
Organic  Sea water 8-Q immobilized CL 43
Cu Toyopearl HW-
75F resin
Se(IV), Sea water RP Cl18/selective GFAAS, 28
Se(VD) adsorption of DL=0.0045, .
selenite-PDC SF=11
Pt Fresh and DPTH GFAAS, 44
sea water, immobilized DL=0.8,
plant, soil, silica gel SF=29
* catalyst
Hg, Fish liver, C18/DPADE, Cold-vapor 45
methyl leave, Reduction with ~ AAS,
Hg marine NaBH, for DL=0.01
sediment inorganic Hg, (Hg), 0.018
with FeCl;- (methyl
NaBH, for total  Hg), SF=12
Hg
Pb Fresh water  Activated alumina FAAS, 46
DL=0.7
Pb Sea water C18 bonded LEISF, 47
silica/ diethyl DL=0.0032,
dithiophosphate =~ SF=9
Pb Fresh and PTFE turnings FAAS, 48
sea water, /APDC DL=0.8,
marine SF=15
sediment,
mussel tissue
KR:knotted reactor, BrPADP:2-(5-bromo-2-pyridylazo)-5-

diethylaminophenol, Nitroso-R salt: 2-nitroso-1-naphthol-2,6-
disulfonic acid, disodium salt, DDC: diethyldithiocarbamate,
8-Q: 8-quinolinol, PDC: pyrrolidine dithiocarbamate, DPTH:
1,5-bis(di-2-pyridyl)methylene thiocarbohydrazide, DPADE:
dithiophosphoric acid diacyl ester, ICP-AES: inductively
coupled plasma emission spectrometry, ICP-MS: ICP mass
spectrometry, CL:chemiluminescence, LEISF: laser-enhanced
ionization spectrometry in flame, the other symbols : see Table
1.



Table 3  Applications of online solid-extraction FIA (2)

Analyte Sample Extraction Detection Ref.
U Freshand  U/TEVA™ ICP-AES, 49
Sea water, DL=6x10"*,
aluminum SF=10
metal
Cd,Pb  Fresh water; -Cation-exchange- SP, DL=0.7 - 38
soil extract - resin (Cd), 0.4
(Pb),
SF=ca. 6
Co, Cu, Biological = KR/dithione FAAS, 33
Zn,Cd  samples DL=1.1~
2.6, SF=18.9
Mn, Fe, Sea water C18 immobilized FAAS, 50
Co, Ni, silica gel/ DL=0.5~
7n 5,7-dichlorooxine 4.0, SF=30
Fe,Ni, — 8-Q immobilized IC, DL=0.06 51
Cu, Zn, pore glass beads  ~0.09 (Fe,
Cd, Pb Ni, Cu, Zn),
0.89 (Cd),
8.3 (Pb) .
18 Fresh water High-surface-area ICP-AES, 52
elements ZrO, and glass DL=0.003~
beads 0.09
20 Sea water Tyopearl AF [CP-time-of-- 53
elements Chelate 650M flight MS,
DL=2x10"
~0.03,
SF=5or15

IC: ion chromatography, the other symbols: see Table 1 and
Table 2. : .
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