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Summary-—An overview of the state-of-the-art in flow injection analysis (FIA) coupled to instruments
capable of providing either multidetection and/or muiti-information is reported. The versatility of FIA
endows the hyphenated instruments with analytical capabilities which increase from simple sample
introduction to more complex sample handling such as automatic dilution and calibration, solvent
exchange, derivatization reactions and on-line separation processes, among others. Unexplored aspects of
these powerful problem solvers are also discussed.

Unaffordable analytical problems have found
proper solutions since the appearance of
‘hyphenated techniques’, a term coined by
Hirschfield at the beginning of the last decade’
to name the coupling of two or more powerful
techniques or instruments to achieve a synergis-
tic effect of their overall performance with
respect to their separate use. Liquid,>® gas* and
supercritical fluid® chromatographic techniques
interfaced with mass spectrometric or with
atomic spectrometric instruments® are examples
of the excellent performance of these complex
systems, as is the mass spectrometry—mass
spectrometry tandem.” Most of the cases of
hyphenated techniques entail powerful, large,
expensive units, whose capabilities compensate
for both high acquisition and maintenance
COsts.

Flow injection analysis (FTIA is a simple
and inexpensive technique the versatility of
which affords for developing steps of the
analytical process of rather different complexity.
The simplest use of FIA is as a way for introduc-
ing samples into a detector, which is far from
demonstrating the capabilities of this technique.
Nevertheless, this simple use enables the
sampling frequency to be dramatically increased
and reduce the sample and reagent consump-
tion. More interesting is the use of FIA to
implement on-line derivatization reactions,"
separation processes'?!® as well as a number of
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sample handling modes to fit the initial sample
conditions to the most suitable for single and

multidetection'*"* or implementation of flow-
through (bio)chemical sensors,'*™ among
others.

Most of the detectors coupled to FI

manifolds, either for sample introduction or
for more complex sample handling, have been
conventional instruments (e.g. molecular,
atomic optical or electrochemical} capable of
providing only two dimensional information.
As happened with chromatographic tech-
niques,"” the first attempts to obtain three di-
mensional information in FIA were performed
using either fast scan electrochemical® or
diode array detectors,”’ thus enlarging the
scope of application of FIA to more complex
chemical systems. In a parallel but delayed
development of hyphenated systems in chro-
matography, the coupling of FIA with high
discrimination instruments pointed out the
maturity of this dynamic technique. This last
step in FIA started with the FIA-ICP-AES
coupling. The capability of ICP-AES for
multidetermination has been aided by FIA in
different aspects since the earliest 1980°s as
listed in Table 19'® and has been reviewed
by different authors.”?* More recent and
less numerous have been the arrangements
of FI manifolds with instruments which
enable three dimensional information and high



M. D. LuQuE DE CASTRO and M. T. TENa

152

1L Suyorew Ayuies piepuelg 09 em
0L uonnyip sulj-uQ 08 s[fo Bunesuqn SHRWRRNMN
69 uonippe piepue)s aui-uQ zel 001 s1sa31p Jyueld 8D ‘UN ‘uz
89 uoulppe piepuels auij-uQ 00S skojly uz ‘IN ‘m)
VI4-9510A3Y ‘uonippe
19 piepuels suij-uQ sajdwres [e13]\ ylres-auey
uoneiqied guiydlew Xujew (ruerd uz wouy)
99 sut-uQ ortl 0S| sajenpy yng ny
uonippe srdures poe
$9 piepue)s sulj-uQ LLI osuoydsoyd o,cg 1S dutpuey
9 uonnpp aul-uQ 8'88-7°TC B sjduweg
€9 uoneziuoine Aumnjs |4 00S S[10 20U
9°19 SOIPNIS ADUIIIAU] o1IYIUAS
Jwi| 8u (suonnjos sruedio
09-9¢ $alpnis dvjIAIU] 005-¢'0 09 00£-01 pue snoanbe)
JYUAg
awn[oa i 8u sojdwes
S 'pS ajdures paonpay 0bE-01 05-0¢ [eat3ojorg
%9 uonn|ossIp 31KJ0I1192[3 sul-uQ SKO[IY
3/31 s[1o Suneoqny
4y $o10qoYy £'1-70°0 194 00§ pasn)
IS ‘tF i 3u 96 005001 anayIukg sjudwIRNNN
1214 uewey
0S 'SIIPNIS 30UDIYIANU] At NRYIUAS SN ‘BD
(UL jwi/ 3w ¢ pue
o Ju/3ui o ~
(314 Juif8u g 00S Suurejuo) S
uonnjos 3uissaoord
[ea180]0uYy0a
(B 24 D)
8t uoneziwole ALN[s [ S|BOIWAYD Jul] SIUDWII[D 2B
widasAs 1.4 [eonoladng saxo[dwod
LY WASAS dDI-AVA-DAS oS 2U0)338|K130y
uoneziundQ ‘sapnis [B19N
Anniqess xapdwo)
(v wigtqd
3d oz 104D °48) (SO
9% ‘08 ‘0 ‘0S 00S-S1 sajdures snoasen) ‘1) S[BIDW-UON
sa1pnys souewojad uz ‘qd ‘PD
(%74 aoeIAU] Jw/ 381 6€1°0 0s JewouediQ
144 0ze 00¢ 1M q
Juif u SIUIWD uonanposui
(27l b4 00—0% 07¢-06 00€—6T ‘Iarem “onAYIuAg D sjdweg SAV-dOI
REN s1oadse 1o iy (, - 4y) Aouanbouyy () swnjoa (s)sjdwieg (s)arh[euy uonnquiuod anbiuyosay
uonadeg Jurdweg srdueg VId

Surdnos 4DI-VIA ‘1 21qeL



FIA and high discrimination results

PINUNUO)

€6

6
16 06
68-L8

98

08

6L

8L-LL

9L
SL

pL

[eAOWIAE BN PUR |V

asony[ao-3unepyd
aso[n([eo-3unePyd

201A3p uoneA[0S(
putwn|e olseq
‘wisal Sunepyd
suwn|od [djfered
ur 001 X2pRUD

SAV —«d]W- Aydridorewioryd

Aq uoneadg
“voI[Is papuoq ¥
pUILN[E PIIBALIDY

PUIWIN[E JIPIOY

1 01 ulepIXO BUI[-UQ

“(u1sa1 §X-1DV)
a3ueyoxs-uoluy
pUILLN[E PIIBAOY
SAV—dIN
waIIs papuoq ')
uonaafuy
paseq-auwll], "uisal
EPL-VX NHqUyY

xamo( ‘dpIpquy
001 X313UD

RUILUN[E PIIBAIIDY
BUIWIN[E PIIBANOY

350|nj[a0-Ax0190801dEDISW

‘9z-y shrequy
(Suydutes
Juoz) uonippe
uonaafur

paseq-awi | ‘(papmn3-1omdwon)
uonIppe plepuels sulj-uQ

piepuels aulj-uQ
uonafur paseq-aw |,

5/81

¢1'0-1200°0
Ju| 8u
1'6-¢°0
Jui| 3u
<6000
Jui| 8u
07-800°0

3d 0610

jui/8u g'T
Juif Su
1€ L0

ju/81 970

Jui| 81 91°0

i/ 3u ¢

Jwf3u 0°0
Jwj8uT0

i/ 8u |

071

0t

194

0t

(i74|

L%
TS0
108 S°L

109
(yuanp3 057)
0501

00¢

(auangd
007) jw T

w0l

00¢
ui ]
05T

(quangd

001) 0001
0l
1 05-01
(uanpd

0S2) 11 01

00s

Sl

Sl

skoj[e
wniununfy

syjes
[et B[V

wnisg
SIAIEM
anYIuAS
131BM IOATY
191eMm
pa3J-13[10q

‘191eMBIS
‘Sidjem jelnleN

SERIN

101BMBIS DNIYIUAS

spmy
sisA[erpowaey
pue
s191eM 9[qe10d
suun uewWny
131BMEBIS
I91EM JUANYD
Kpuyay

WY Y20y

NS [po1URIOY

WS [eotueiog

SIUSWA]ANNA
spunodwod
unjouediQ

SUOIURAX()

_'os

o1
d

o

v

(o
ON

ny

saor}IaUL
pijos—pinbi]
*(1) ssad01d

uoneredss aur-uQ



‘SAY Y210} ewse[d aaemoiopy,

M. D.fLUQUE DE CASTRO and M. T. TENA

(STV-dDI puE qIsia-A)

154

1910woroydorydads)
(04| $1033313p [elias uf 81 90 g 08-0t 00¢ Slarem asep d 1e101*_fod
Lol UONeIdUS IPLIPAY SI91eM a1sem (A)gs “(1IDgs
uwnjos Jw/3d (quanpd siajem
88 ‘111 BUIIN[E SIpY oYl M 007 ju g UAIRJIY (ADID ‘(DD uoneroadg
(s1o1emeas pue JoAu
‘aje[nonred ueqin
‘yse Ay [eod
o1l uoneIduad apupiy ‘19918) INIS RUEIIEIET ] Y]
88
601 uoleausd apupAy 1°0 °T°0 ‘T°0 }201 310 g ‘qS sy
Jui/ 8u
801 uonelausd apLpAy 9¢ ‘0L SE 0SL S131em adeing IS ‘qS sy
LO1 wdIsAs Moy snonutjuoy) Iolem d)sem
‘uoneisuad apupAy juf3u 610 ‘lerowt saddoy (A)as ‘(1)as
(a1e1eyIydaisy
-oualAyia)Ljod
101e3RdaS pue (Jy dop-1§
341d snosodonipy jwi/3u 40 0S1 0001 pue -uz ‘-uou)
901 ‘'uonerausd spupdy apIuasie wnifed
[e1sK10-313ug an
(101810d3s BUIqny/surIqUISW YOIV pue
94 .1d snotodordiwu Jui/ 8u [DBN ‘Ted1dojoad
S01-001 moym pue [im) T'$—S20'0 00¢—021 pLEOF ‘aul1304|3
uonesduad apupiy ‘IS “Onoyiuig Sy sadejIUT
(uogieo pmbi-sen
D swediour JjrUOQIRD “(I11) sse201d
66 Jo uoneiodeay 1/8ut g Jo 1/ 3w D awediQ uoneredos aul-uQ
00S Suturejuoo)
iarem
Suiydwes dna-uonong (1eo1dojo1q)
86 “uonoexxs bi-bry 1w 8u 0 74 g WJSs PO
("12D 1 suozyyip)
L6 uonoenxa bry-bry w3u 1 94 i g 1o1em NYS ny
Joreredss Suiqm
9:41d snotodonip sAoje np
96 ‘uonoenxa br-bry [ur/8u og §T 00§ ‘skoffe [V-8IN e |
(x31dwos apuony suoxsdwiod saoejIdul
uLIezife-eJ) uonoeIxs pinbi-pinbry
$6 bip-by uoneuruualap (1) ssav0id
10a11puj Ju] 8u o 9¢ 002 sioem | uoneedos aurf-uQ
uonenuaduodard
v6 sis[e1p uguuo(q Jwj8d 8- Ju 00S—0S € suonnj{os syeg S[eI0N
Jod syadse 1oy10 g (- 4y) K>udonbauy () swnjoa (s)odwreg (s)ahjeuy uonnquod anbiuyda ]
uonsda(g Sundweg sjduieg vId

panunuos "y sjqe



155

FIA and high discrimination results

panuiuos
S1UdAJOS dIuegi0
a1e[OA UOHONPOIIUT
Lel 30B}IA U] Jwj u 0S S[eIOW dd8I |
sAojje ‘S)UIWIPas
Jud/ 3u ‘spunodwod
9¢1-Cel $20BJIdUI [B1dadg 0TS0 001 ‘ST d[erdwoursi)
uonisodap
Iel Xijewl paziuiutiy 00s (201) WAS
Fundnod SW-dOI-D1dH
0€1 '6T1 o1 Joud Apnys uoneziwndg U 10-10°0 09 §T-01 ouayuAg WAL
ones
8CI siuowrtiadxa Fuipas | $2008] UpWINY 19-UZ/p9-uz
wInas
LTl )8 T0 0001 > ‘ewse|d pooig n) ‘uz ‘ny
skoje
91 uif 8u | 002 ISEQ-1aYIIN g ‘qd ‘[L
uonnyip adojosi pue SJUIWIPaS
sTl 28ueyoxa-uot sul-yo 3d p1- 00¢ ‘0S¢ Jarem [eImeN 11 ‘qd Y
ewsed
L4 poojq ‘paiapmod uzZ ‘4
saIgajedls
£l Sutuny susj uog 005 101eMEIS J1IOYIUAS uf ‘eg
uonR[qE-I3se]
[44 yim uospredwo) 3/8u 0t 0S¢ wnuiunyy 4L ‘N
121 2,01-§ IUUOD PI[OS 3/ 3u-qns 210pLIdg srerow dnois-1g
eIy
0zl uoneziundo xaydung $3008B] UBWINH uniedAyjom ],
611 [eaidojorg [esoJawIy |
Swidoopd
811 20BJI1UI DURPIOAY juf3u 17 001 (1eo130101q) WIS Kinolawouedio
saigajenls
LIl Fuiuny sud| uog 8/ 8u Sp 001 oNAYIUAS uj
[ H(NO)nY]
911 uonejuduodad sull-gJo W/ ol ¥ 0zl 191BMBIG ny
S11 [eLId)BW JBI[INN n uononposut
vl 0t 01 onayuAg O sjdwes SW/dDI
‘Jod s1odse 12410 g (. 4y) Kduadnbaig () awnjoa (s)orduwieg (s)a1kjeuy uonnguuod anbruyoaj
uo112213(] Sundweg srdweg vid

Suidnos SW-dDI VI4 T 29eL



M. D. LuQuE DE CasTro and M. T. TENA

156

uorjerauad modea

Y ‘siuauwiafe

151 ‘051 ~uoneiouad apLpAH 1/3d 9 02 00S Ia1emeds Suruioy-opupAH
101eredas sa0B}IN UL
Suiqm 34 1d pinbi-sen)
uonnyip oidojos| ‘(11D ssadoad
6v1 wonesdusd spupAH Jwif 3u O suared ‘INYS qd uonesedas
14! uone1auad aplIpAH Jut/3u §'1 oy (1001) YIS 'd auy-uo
(rD)
AI)oWIWIE)[OA Ju|3d ¢ps
Suiddins m)D)
L1 Jlpoue 3ul-UQ jw/3d [T 0001 (ounmn) WS pD ‘nD
[Ta suwnod [ofjesed-ug Juij8ug U QS WS ‘iteH JuSWI[RNNIN
(191eMPB38) INYUS
[eAOWl XiJjew (quan|a ju (240¢) sauLq
syl uonenuaouodoid sul-uQ 2°0) 1% 01 Pa1RIIUOUOCD) s[elouL 20RIL saoRjINUI
(uonuaal XLjew) aygmoned pijos-pmbry
44! 8X-M 05 Xamo( juf3u1°0 Tl 008 auloqiry d (1) ssac0xd
uonn[ip 21d0o10s| uoneredas
341 (20%¥) §-x-1 xomoQ yuf3d (70 1 05—01 1a1emeag EL - aul-uQ
Juaju0d prjos Y3y
‘Juixiua prepuels
wl sjdwes snonunuo)d 8/8u 00T IN Ayind Y3ty
‘ON"HN
poyow uonippe pue *Od*H
32! plepuels sull-uQ S1-01 00T "ou0d A[YStH
poydow uonippe
orl plepuels aul[-uQ 01 00S auum pamipur) JuswidEn MK
166 INYS SIN Suypuey
6€1 ‘8¢l uonnip s1doios] (14 SLOY £86 WIS SIN (sadoyos) qd asjdweg
REN| s1oodse JaY10 i (,_ 4y) Kouanbayy (j) swnjoA (s)srdwreg (s)or14[eUy uonnqiuod anbuyoa],
uonda(g Fuidweg ojdwreg vid

panunuod "z 3qel



157

FIA and high discrimination results

S3powl SNONUNUOD pue |4 SAPUIRYIIES *UOGIRD uondnpoliul S3AI
SL1 119-281nd udisaq 09 0ST ‘ST 191em de swuediour [r1O ] sidweg Jwey
uonoNposul
bLl [[99-moy uoneneAg Juti 81 ¢ | 0S B R INUERY uanjoj sidweg YNN
ssadoad
€Ll uoneIduad spupAH Juij 8u g 001 071 (1219324) NYS JluasIy uonesedas sull-uQ
suornalur usamiag areydins *auydins
ol Bunjood £11a8d ON §au 0z $ SUEUILISY “apryding
SaPIdNODSUL
suo1joalur usamiaq ‘spunodwod uononpoJul
1LY °0L] Surjo0d £11aLd ON d 31 05-6°0 001 T MAYIUAG snotoydsoydouesip sidweg vOadIN
691 uoisnyip sen w311 | AMBYIUAg ui0joIofyD ssasotd
691 ‘891 uoneidusd spupiy /81 1-1°0 001 JdYJUAg ug ‘qs§ '9g ‘SY uonesedss suij-uQ
SUOIJOBAI [BOIWAYD puUr aut21sAd *auoryrein|d Suipuey
191 [eITWAYD01123]2 U[-UQ 001 SNAYIUAS ‘usydourwejady sjdweg
Suiidnos SW-D7
99] o1 1oud Apmg 3ug0 sfeannddvUIRYJ s3nip Sunyoorg-¢
Jutlojuow uot pajdIg
$91 SIN/SIN Aeads uoj Ju8 g uojueld SuIxo |
‘0 ‘0D ‘'[oueyid
‘|otpaueing
yioxq -¢'7 ‘U1010®
¥91 “€91 uotsnyip sed SIN-SIW Si 0s¢ uoneluauLIs | ‘proe dn0oY
SuliojluOW UONOBII PR uononposIut
791 SIN-SIN Aeids uo| Bjug 31 70 0$ 00S US “1uawipag unifinguy ajdwes S
sauljosed
191 SANEBALISP 19pIO ISIL] 4 %6€0°0 194 (1743 papeajup) 112 [Aing-11)
091 uonippe piepueis aulj-uQ ala 9%470°0 81 00€ autjosen suszuog Suypuey Juydweg
[O]AX spunoduod
651 1132 Dvads-" a/a %4700 174 00¢ [eldJowo’ AudIAY
suoneredaid spunodutod
81 1122 I1OHID-1 14l 3/ 200 09 [eonnaoewIeyd aufoyd
sapow moy-dois pue
LS1 Suimoy uosuedwo) W bl ST o€l oli=10611 TN $19159 oneydi|y
‘00 apixo
961 [eonudiadns (1a1LIR) 09 RIIELTITAN surwejAdoadosnupiA[y
sapows SUONBINWIO}
$s1 moy-dojs Jo Fuimotq w3 g £ 00¢ Iprnsag 1418918
ie)
¥S1 ul uoyN|OsSIp [erlIed Jwi] 811 08 0z 0z€ s[eonnadewIeyJ ugjeidnqy
1391 s[jo3 moy uostzedwo) ala %700 0z 007 101X SudjAx-o
uordnposut
43| 31 4 09 st onayIukg 3jeueloost [Kuayd sjdweg dLLd
e s10adse 13410 nuy (,_4y) Aouanbayy (1) swnjoa (s)oidureg (s)a1hjeuy uonngIuod anbiuyssj
uondleg Gundweg sidwreg vid

s8uiidnoo 1039930p uonRUNLLSIP Y31Y/VI 910 '€ dAqeL



158 M. D. LuQuEk DE CASTRO and M. T. TENA

discrimination capabilities like MS (by direct
coupling or through an ICP source), FTIR and
NMR, among the most important, which
have also been reviewed,”* and whose most
significant features are listed in Tables 24"
and 3.152—175

Figure 1 shows the dissimilar use of flow
injection analysis—high discrimination instru-
ment (FIA-HDI) couplings. For this reason the
aim of this work is to give to the analytical
community, but particularly FIA users, an
overview of the present situation of these hy-
phenated techniques, emphasizing the advan-
tages involved in them, criticizing their negative
aspects and showing the unexplored availabili-
ties of one of the most promising uses of FIA.

INTERFACES

The connection between a flow injection sys-
tem and a high resolution detector has a decisive
influence on the performance of the hyphenated
system, as analytical quality parameters such as
reproducibility, accuracy, sensitivity and selec-
tivity are highly dependent on how this coupling
is accomplished. The complexity of the interface
is very different depending on whether the
measurement is performed in solution, plasma
or vacuum.

Inexpensive flow-cells (either conventional or
demountable micro-flow cells) with KBr
windows and different thickness spacers
(0.015-0.22 mm, 0.15-9 ul cell volume) are used
in FIA-FTIR coupling when organic solvent

Number of papers

Fig. 1. Tridimensional plot of the main contributions of flow
injection analysis coupled to high discrimination detectors.
(Sp) Speciation; (g-1) gas-liquid; (I-1) liquid-liquid; (I-s)
liquid—solid; (S.P.P.) on-line separation processes; (S.H.)
sample handling and (S.1.) sample introduction.

carriers are involved.'**'%1%-18! The yse of thick
spacers yields a higher contribution to the blank
measurement from the carrier solvent, so poorer
detection limits are obtained. More sophisti-
cated cells are used with uncommon solvents. A
25 pl-micro-Circle cell equipped with a zinc
selenide crystal (0.318 cm diameter) has been
used for aqueous samples in FIA-FTIR;"5'*
and a high pressure flow cell (2 #1, | mm optical
path length and 2 mm?’ cross sectional area)
when supercritical CO, was the carrier.'®

The design of an NMR flow cell should
provide rapid sample displacement without sig-
nificant degradation of resolution. Cells similar
to those in Fig. 2, with a 50 u1 observed volume
work well at 1 ml/min flow-rate. The FIA
injector can be connected directly to the NMR
flow cell with 0.01-in i.d., 1/16-in o.d. tubing.'™
Sufficient premagnetization time of the sample
can be accomplished by placing the injector and
connectors within the magnetic field.

Special attention has been paid to interfacing
FI SyStemS and ICP.42.44—46.56.57.59.60.132.17(%I79 A gen_
eral interface to introduce a liquid into a plasma
consists of a nebulizer, a spray chamber and a
separator. The main shortcomings of using con-
ventional interfaces in FI-ICP and in LC-ICP
couplings related to continuous sample aspira-
tion are the large dead volume and the sample
loss involved as well as the band broadening.
Efforts have been focused on producing inter-
faces with high analyte transport efficiency and
minimal solvent loading and dead volume in
order to decrease detection limits. Low analyte
transport efficiency of conventional pneumatic
nebulizer/spray chamber systems (only 1-2% of
the analyte aspirated actually reaches the
plasma) limits the ability to analyse small
sample volumes. Miniaturized interfaces have
been designed**** in order to overcome this
drawback. The direct injection - nebulizer
(DIN)® is another approach to minimize the
dead volume: a microconcentric nebulizer fits
into the central aerosol tube of a conventional
ICP torch. Solutions are nebulized directly at
the base of the plasma and there is no spray
chamber or separator. The microconcentric
nebulizer*¢*% and thermospray nebulizer™ 7"
have been the most used. In addition, miniatur-
ized glass-frit nebulizers** have been reported to
couple FIA and ICP. Solvent loading is ident-
ified as a major contributor to plasma instability
and poor detection limits. A jet separator,'”” a
condenser’™'™ or a membrane dryer separa-
tor*>' can be used to remove the majority of
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A) B1) B2)
Amm ORIFICE TORCH
L e ———
ﬁ' - iﬁ.~0UARTZ FROM FI
GLASS CAPILLARY MANIFOLD
OBSERVE
REGION TNTAOBUCTION CERAMIC ¥
TUBE INSULATING
GLASS TUBE
CAPILLARY “:_gligER
* = s 18 S FRIT
TEFLON — 1 33em  §EC7IIC
GASKET AUXILIARY
GAS GRAPHITE ?
FERRULES
TEFLON GAS
FERRULE
STAINLESS ~ L INJECTOR s
STEEL r—-' GAS
CAPILLARY v

CONDENSER

[ON VOLUME

P——

|
—0O—

ELECTRQIJN BEAM

MEMBRANE

Fig. 2. FIA-HDI interfaces. (A) NMR flow-cell and interface. (B) FIA-ICP interfaces. (B,) Direct
insertion of a microconcentric nebulizer (right) into the ICP torch (left). (B,) Miniaturized glass-frit
nebulizer. (B;) Thermospray interface consisting of a thermospray nebulizer, a heated spray chamber and
a condenser. (C) FIA-MS-MS interface. Sheet membrane probe with membrane temperature control.

the solvent and convert the sample into a dried
and desolvated aerosol in a flow of argon.
Membrane separators are especially useful for
organic solvents.

Flow injection and mass spectrometry have
been interfaced either by membrane introduc-
tion and ion spray systems. The former consists

of a membrane probe directly inserted into
the mass spectrometer ion source. The carrier
solution flows across the inside surface of the
membrane while the outside surface is exposed
to the vacuum of the mass spectrometer. This
interface is suitable for volatile analytes capable
of diffusing through the heated membrane.'®*!*
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In ion spray MS the carrier solution is allowed
to flow at a rate of 1-500 ul/min, through a very
narrow bore capillary tubing (50-200 um)
polarized to a high voltage (2-3 kV). Spraying
is facilitated by a coaxial flow of nitrogen. The
electrically charged droplets found evaporate
during their flight to the sampling plate
(counter-electrode). The analyte must be present
as an ion in solution because there is no ioniz-
ation process. This injector has been connected
to the ionspray interface viaa 1 m x 50 ym i.d.
fused-silica tubing.'®

SAMPLE INTRODUCTION

Despite the FIA capability to carry out a
series of chemical processes, the major use of
flow injection-high discrimination instruments
(FI-HDI) has been to transport a few ul of
sample to the detector. In addition to this
application other more interesting uses are
commented on in the following sections.

An extensive use of FIA as a sample introduc-
tion tool has been done when coupled to ICP-
AESY %  and ICP-MS.""*'  Nevertheless,
FIA-ICP hyphenated systems have profited
from many other FIA capabilities.

The use of flow injection as a means of sample
introduction endows the methods with a
number of advantages, namely: reduced sample
and reagent consumption, increased sample
throughput, higher reproducibility and better
detector performance.

The sample saving achievable in FI-ICP is
remarkable. Sample volumes in continuous as-
piration ICP are usually between 2 and 5 ml,
which decreases to 10-500 ul when coupled to
FIA. Continuous aspiration of the sample is too
wasteful to be feasible when only a limited
sample volume is available (i.e. biological, clini-
cal and forensic analysis); so the reduction of
sample consumption achievable by FIA is of
paramount importance in these fields. By way of
example, FIA combined with ICP-AES has
been successfully applied to the simultaneous
determination of eight elements in 20-u1 serum
samples,™ and acceptable detection limits for
the analysis of several metals in biological
samples were obtained with the use of ca.
one-hundreth of the minimum sample volume
required for continuous aspiration.”

The high sample throughputs achievable by
FIA are a consequence of the simple and
automatic way of sample introduction, as this
can be inserted into the flowing stream and

monitored within few seconds, whereas stan-
dard NMR methods require at least 45-60 sec
before starting monitoring.'”* Flow injection
couplings enable near-real time monitoring thus
avoiding fraction trapping, which is time-
consuming and capable of sample contami-
nation. FI  sampling with membrane
introduction MS-MS has been used for fully
automated monitoring and feedback control of
bioreactors.'® It allows quantification of the
major products and metabolites of fermentation
and even detection of trace metabolites.

Flow injection is a very reproducible means to
introduce a precise volume of sample and also
to improve the performance of the detector by
minimizing blockage drawbacks in the interface
thus favouring the detector stability. The
precision of transient signal integration
measurements as compared to steady-state
integration measurements was found to be at
least one of magnitude better for all of the wear
metals.”> The significant improvement in pre-
cision is due to reduced carbon build-up (more
stable plasma; improved torch stability (no air
pockets), constant sample solution flow-rate
(use of a pump to avoid problems with viscosity
changes) in the coupled FIA-ICP-AES. The
ability to use small sample volumes reduces the
loading of undesirable matrices on nebulizers
and torches, particularly in high salt content
samples or organic solvent solutions. An
injection volume as low as possible without
increasing detection limits must be chosen in
order to minimize solid sample deposition on
the torch injector tip and on the mass
spectrometer sampling interface. Thus, no
matrix  deposition occurs and therefore
reproducibility of a particular measurement is
improved. This also provides better long-term
stability of the instrument. The flow injection
technique enables determinations in samples
with total dissolved solid concentration 20-30
times higher than those handled by conven-
tional solution aspiration. The precision of an
FIA-ICP-MS approach reported by Vickers
et al"'* was found to be ca. twice that of a
continuous flow mode, whereas Stroh et al.'*!
have found a mean long-term stability better
than 5% RSD for all the elements (10 ng/ml)
they have studied in a 3% m/v NaCl matrix.

Memory effects are also minimized in an
FIA-HDI coupling as the carrier immediately
follows each sample plug, which results in a
continuous rinsing effect that dramatically re-
duces clogging of the interface by deposition of
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solid. The rinsing effect of the carrier decreases
wash-out times, so the sampling frequency is
improved as a result. Since the carrier system is
flowing continuously, plasmas which normally
extinguish at the air-water interface will no
longer do so. In addition, injection of the
sample avoids its passage through the flexible
tubing of peristaltic pumps, which can adsorb
the analyte''® causing diminished signals and
memory effects that severely degrade precision;
at the same time, a close control of the flow-rate
is accomplished in this way.

The use of FIA-FTIR systems provides
simple and rapid sampling and easy cleaning of
the flow-cell, and enables the continuous moni-
toring of the baseline of spectra. Pharmaceuti-
cals'>*'®® and pesticide formulations'** have been
determined successfully by FIA-FTIR thus
demonstrating the usefulness of this approach.

Detection limits and spectroscopic resolution
of FIA-NMR are also better than for static
sample measurements.'™ The FI carrier solution
provided a suitable medium where stable ion-
spray could take place in MS sample
introduction.’®

Solid'®'"'* and gaseous'®* samples can also be
introduced in FIA-HDI couplings. Despite the
capability of FIA for direct introduction of solid
and gaseous samples, this potential has not been
exploited. Only the direct analysis of solid
samples by FIA-ICP-AES has been carried out
by electrolytic dissolution® and FIA-slurry at-
omization.® Simultaneous determination of Zn,
Si, Fe, Mn, Cr, Mg and Cu in aluminium alloys
has been accomplished in a few minutes.
Gaseous mixtures of compounds containing the
elements Br, C, Cl and S were introduced by
FIA with various sample loops (15-250 ul) on
the injection valve.* Sample gas was added to
the loops at ca. 10 ml/min, then the sample
carrier gas (Ar) was switched through the loops
to transport their contents into the ICP.

SAMPLE HANDLING

This section deals with some simple
operations such as automatic mixing of the
sample with a dilution, standard or reagent thus
completing the step within a short period of
time with less sample and diluent, standard or
reagent consumption. An additional advantage
of the automatic performance of this step is a
decrease of sampie manipulation and thus of the
human errors arose from it.

TAL 42 2-B

Dilution is an FIA capability which can be
performed in an automatic way, thus achieving
dilution factors for samples of standards
ranging between 0 and 200. This fact justifies its
coupling to HDI instead to other less versatile
continuous dilution systems.” Different ways
have been used to achieve this goal, namely the
insertion of a short piece of wide-bore tubing, a
delay coil, merging streams, zone sampling
approach by using an unstirred or stirred
chamber. A dilution step can be mandatory in
order to minimize matrix effects in the determi-
nation of major components in a complex
sample, or to fit the concentration of the ana-
lyte(s) within the linear range of determination
in concentrated samples. A significant reduction
of the mass-dependent interference effects with-
out substantial sacrifice in sensitivity can be
achieved by appropriate dispersion in the FI
system. Vickers er al.''* have demonstrated the
almost complete elimination of signal suppres-
sion by using a FI manifold which provides
dispersion factors up to 25. Martin and Thrig”
have developed an FI-ICP-AES approach for
the automatic determination of widely varying
elemental composition and concentration in a
series of liquid samples without operator inter-
vention. All the samples were appropriately
diluted before determination by ICP-AES by
using computer-guided sequential dilutions to
place all elements within the optimum range.
Sample dilution was accomplished by injecting
the sample for shorter periods of time (time-
based injection). The tandem-injection and
merging-streams have also been employed to
achieve on-line dilution and steady-state
concentrations for ICP-AES and ICP-MS.*

Automatic calibration

The ability for on-line development of rela-
tively time-consuming sample pretreatment pro-
cedures such as standard additions, internal
standard, isotope dilution, and matrix-matching
calibration in a simple way, saving both time
and sample makes FIA a useful tool for this
sample handling.

The standard-addition method has proved to
be effective in overcoming matrix effects, one of
the main sources of loss in both accuracy and
sensitivity in certain types of samples. The FI
manifold can be designed either to add the
standard to the sample (before, in, or after
injection) or to inject the standard into the
sample (reversed FIA), among others. thus
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avoiding sample and standard contamination
and the time-consuming preparation step.

In the reverse-FIA mode the standard-
addition method is accomplished by continuous
sample pumping to the detector instead of the
carrier solution, the detector is zeroed for this
baseline value, and the standard solutions are
injected in the sample stream. The calibration
curve can be run by injecting equal volumes of
standards of different concentration; different
volumes of the same standard solution, or using
any of the FIA alternatives for dilution prior to
injection. This method has been proposed to
determine benzene in gasoline by FIA-FTIR,'*
and Si in an 85% phosphoric acid sample®® and
rare earth in metal samples®” by FIA-ICP-AES.

Sample—standard merging before injection is
an easy way to implement the standard addition
method. A third stream of internal standard can
merge after the sample and standard
confluence."! The standard addition stream is
used to add multielement standard solutions of
variable concentrations. A complete standard
addition can be performed in each sample by
changing the standard solution. Unlike the
reversed-FIA  standard addition method,
continuous introduction of the sample matrix
into the detector is avoided by the sample
standard merging method, which has been suc-
cessfully used in FIA-ICP-MS"*!''3 couplings.

The merging-zone approach has also been
used for calibration purposes in the determi-
nation of Ni, Cu and Ni in alloys.® The system
utilized successive injections of the sample, each
one accompanied by the injection of a different
standard. The limitations of this system include
the relatively low sampling rate and the
necessity of preparing a series of standards. The
latter shortcoming might be overcome by using
the zone-sampling mode, which enables con-
trolled dilution of a given standard before its
injection into the final standard carrier stream.
Standard addition in plant digest samples has
been implemented in an FIA-ICP-AES system
by merging the sample zone with an aliquot
delivered from a trapped standard zone in a
modified version of the zone sampling ap-
proach. Eleven additions ranging from 3 to 32%
of only one standard solution were performed in
5 min.* Nine toxic elements in undiluted urine
were determined in less than 5 min using an
FIA-ICP-MS approach'¥ in which the FI mani-
fold, which included a splitter tee, two in-paral-
lel injection valves with different size loops (40
and 500 ul for standard and sample, respect-

ively) and a mixing tee, was used to inject
sequentially three standard solutions into the
same sample plug.

Isotope dilution was used by Lasztity, Viczian
et al. for the determination of lead in various
matrices using a merging zones approach with
programmable time-based injections.

Matrix matching of sample and standards
was implemented in FIA-ICP-AES by Giné
et al”' to minimize the interferences due to
easily ionizable elements. Initially the ICP deter-
mines the sodium content in the sample and
thereafter the computer selects the appropriate
sodium addition to match the saline concen-
tration with that of the standards. After having
received a suitable amount of sodium, the
sample reaches the ICP and the elements are
determined.

Derivatization

Flow injection is a suitable tool to carry out
on-line chemical reactions in a reproducible and
automatic way with a noticeable saving of both
sample and reagents. The analyte can be
converted into a more suitable form for
detection (e.g. a volatile species which enhances
the selectivity, sensitivity and scope of appli-
cation of the coupled system). The chemical
reactions most widely used in FIA-ICP-AES,

FIA-ICP-MS and FIA-MS have been
hydride generation and vapour gener-
ation.IOO—l10‘148A15I<l68.169 Getek et al‘167 have

reported an FIA-MS coupling in which electro-
chemical and chemical reactions took place.
On-line formation and detection of glutathione
and cysteine conjugates of acetaminophen were
accomplished by interfacing a coulometric cell
with a thermospray mass spectrometer in the
flow-injection system. The electrochemical in-
formation enables the confirmation of in vivo
reaction mechanisms.

ON-LINE SEPARATION PROCESSES

One of the more advantageous aspects of FIA
is its availability for the development of non-
chromatographic continuous separation tech-
niques with minimal complication of the
experimental set-up. Flow injection takes ad-
vantage of its dynamic nature for an easy,
inexpensive implementation of separation tech-
niques involving any of the possible interfaces
(liquid-solid, liquid-liquid or gas-liquid). All of
them have been implemented in on-line helped
by an FI manifold, then hyphenated to a high
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capability instrument. The goal of the separ-
ation step has been to enhance either the sensi-
tivity of the method by preconcentration of the
target analyte(s) or the selectivity by removal of
the matrix thus avoiding both its interference on
the analytical signal and its passage through the
detector, which is of a paramount importance in
cases of insufficient or non-discrimination
capability. The use of switching valves makes it
feasible to lead undesirable species to the waste
after separation without passing through the
detection point. An additional benefit is an
increased reproducibility as distortion of the
signal from the analyte is minimized or avoided.

Liquid-solid interfaces have been established
in FIA-HDI systems mainly by the use of
solid-phase columns packed with either ion-ex-
change or adsorptive material, particularly with
preconcentration purposes. This previous step
can improve dramatically the sensitivity of a
given method by one or two orders of magni-
tude. By way of example, the preconcentration
FIA-ICP systems described by Hartenstein
et al. are capable of increasing the signal by
10—-15-fold and 20-75-fold per minute of sample
loading time for simultaneous muitielement
integrated and simple element peak height,
respectively, giving nearly 100% recovery of
spiked analytes in tap and rain run-off waters.”
Nevertheless, there are two negative aspects of
these separation processes, namely: (a) The
sample volume used is higher than in the ab-
sence of this step (see Tables 1-3). Depending
on both the concentration of analyte in the
sample and the enrichment factor to be attained
the sample volume ranges between 2 and 100 ml,
far from the ul range usual in FIA. (b) The
sampling frequency decreases by a factor which
depends on the working conditions. In the
above example® this parameter decreased from
30-60 determinations/hr to 12-20 determi-
nations/hr. This shortcoming can be minimized
by using several columns arranged in parallel
which work simultaneously and deliver sequen-
tially the eluates to the flow manifold. The
location of the column(s) in the dynamic system
dramatically affects the overall performance and
thus the results obtained. When the column is
located in the transport zone of the flow mani-
fold, a switching valve after the column is
mandatory in order to waste undesirable sample
components, thus avoiding their passage
through the detector (SV, in Fig. 3A) (see Refs
81, 91, 92 and 143 as examples). The main
drawback of this arrangement is the continuous

A)
SAMPLE P Waste 1 Waste 2
CARRIER 1 1EC
ELUENT v SV, SV,
CARRIER 2 —-
e DETECTOR
B)
P
— 1EC
ELUENT SAMPLE
CARRIER
v DETECTOR
Waste

Fig. 3. Schemes of flow injection -solid phase separation

column coupled to high discrimination detectors. (P) Peri-

staltic pump; (IV) injection valve: (SV) sclecting valve and
(IEC) ion-exchange column.

circulation of the liquid in the same direction
which tends to compact the packed material in
the column and hence increases the pressure
within the system. This problem can be over-
come by placing the column upright and passing
the solution upstream or by carrying out elution
in the opposite direction of retention. The im-
plementation of the latter approach is easy if the
column is located in the loop of an injection
valve (Fig. 3B). (A detailed description of the
use of microcolumns in continuous flow systems
can be found in Refs 12 and 13))

In addition to the microcolumn located in any
of the commented on above points. other units
can be included on-line in the FI manifold to
improve the efficiency of the overall process.
Such is the case with the desolvation device
connected to a microcolumn by Peng et al.”! in
the development of a method for the determi-
nation of trace elements by FIA-ICP-AES with
on-line preconcentration. The authors achieve a
desolvation efficiency of 73% at a desolvation
temperature of 120 C and apply the method to
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DILUTE
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MULTICHANNEL PERISTALTIC PUMP

SUPPLY

SLOW FAST FAST
FLOW FLOW FLOW
Sample vaive [POTENTIOSTAT
and loop
T-VALVE ASY | 1cP
SPEED cell
VALVE DELIVERY
VALVE
WASTE

Fig. 4. Scheme of the flow injection-anodic stripping voltam-
metry inductively coupled plasma (FI -ASV 1CP) approach.
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the determination of Al, Cu, Cd, Fe and Mn in
serum by separation of the target analytes from
various co-existing elements.

A less common liquid-solid interface in
FIA-HDI is that created by using an on-line
voltammetric stripping cell in the flow manifold
such as the arrangement depicted in Fig. 4
which has been used to deposit Cu and Cd at a
working electrode, then releasing the analytes
for detection by ICP-AES.'"” The deposition
step enables the elimination of the sample
matrix components that are not electroactive
and do not deposit during passage of the sample
through the cell, thus being sent to waste by
switching the delivery valve. The target analytes
were preconcentrated from sample volumes as
large as necessary, then stripped for detection
into a small volume of liquid of the appropriate
characteristics. Detection limits of pg have been
achieved for 1-ml urine samples. It must be
emphasized that the sampling frequency afford-
able by a stripping technique is usually higher
than by solid columns as both the retention
and clution steps are faster. Another add-
itional advantage of stripping is the higher
efficiency of the deposition process, which can
be 100%.

Liquid-liquid interfaces have seldom been
established in FIA-HDI by the use of both
extraction and dialysis techniques and in all of
the cases the detector has been ICP-AES. In
continuous liquid-liquid extraction processes
the efficiency of the separation strongly depends
on the aqueous—organic flow-rate ratio. One of
the earlier papers in this field® reported an
increase in sensitivity of ca. 250-fold in compari-
son with direct aspiration of an aqueous sol-
ution for the determination of Cd by ICP-AES
after extraction of its diethyldithiocarbamate
into carbon tetrachloride with a detection limit
of 4 ng/ml and a sampling frequency of 20 hr ',
Indirect methods have also been established in
this area, as is the case with the determination
of fluoride in water by formation of the lan-
thanumy/alizarin complexone/fluoride ternary
complex and its extraction into hexanol contain-
ing N,N-diethylaniline. The introduction of the
organic layer into the plasma and measurement
of the emission intensity of La III 333.75-nm
line enables the determination of the target
analyte in a 0.03-1.3 pg/ml linear range with a
sampling rate of 36 samples/hr.*> Two in-series
phase separators are used in order to obtain a
pure organic phase to be transferred to the
detector.
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Fig. 5. Scheme of a flow injection- hydride generation—-ICP-

AES system. (P) Peristaltic pump; (IS) injection system;

(CP) confluence point; (MP) mixing point; (N) nebulizer and
(UT) U-tube.

A recent combination of flow injection
Donnan dialysis with inductively coupled
plasma atomic emission spectrometry has
proved to yield enrichment factors of over 200
for cations with an 8-min dialysis time, allowing
ng/ml level detection limits. These results were
obtained for receiver solutions consisting either
of Sr(Il) or Mg(II), providing complementary
free spectral ranges and the applicability of the
hyphenated system to trace metal cation analy-
sis for both transition and rare earth elements.
The enrichment factors obtained were linear
over a wide range of concentrations and limits
of detection approximately 100 times lower than
for direct aspiration. Additional improvements
in enrichment factors were obtained with
increases in the dialysis time and/or final sample
solution temperature. A signal enhancement
factor of 650 with a detection limit of 11 ng/ml
for monovalent silver cation was obtained using
a 30-min dialysis.*® These results call for greater
attention to be paid to Donnan dialysis as a
powerful tool to manipulate the sensitivity of
FIA-HDI methods.

Despite the small number of species capable
of yielding a gas after reaction, gas-liquid
interfaces have gained extensive use in
FIA-HDI. Within gas-liquid separation,
techniques based on hydride generation are the
most common in hyphenated systems, particu-
larly in FIA-ICP-AES and FIA-ICP-MS,
where vapour generation has proved consider-
able enhancement of the analytical capabilities
for multielemental determination of volatile
vapour-forming elements at ultratrace levels in
environmental samples. Very good accuracy
and precision in addition to increased sensitivity
and avoidance of espectral interferences caused
by high salt matrix, as demonstrated in ocean
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water samples.'® An arrangement such as that

depicted in Fig. 5 was used in one of the earlier
hydride generation-FIA-ICP-AES methods.
The determination of arsenic as arsine was
performed at a rate of 200 injections/hr with
detection limits of 1.4 ng arsenic.'” Subsequent
contributions have been the determination of
arsenic in glycerine,'” that of antimony in waste
water,'” and the simultaneous determination of
As, Sb and Se,'”™ among others. The simul-
taneous method,'” as compared with continu-
ous sample introduction, provides detection
limits three times poorer. By contrast, the pre-
cision is approximately 150% better with FI due
to the reduced pump pulsations. Other advan-
tages of the FI system are the reduced sample
size necessary for analysis (<750 ul vs. 4-5 ml
for the continuous introduction system) and the
potential for a greatly increased rate of sample
throughput.

One of the scarce contributions on FIA-MS
dealing with hydride generation is that re-
ported by Canham and Pacey and consists of
preliminary studies of the behaviour of such
a system with very promising results.'® A
more complex FIA-ICP-MS arrangement has
also been reported for the determination of
hydride-generating elements and for the deter-
mination of mercury. Several pre-reduction
techniques were investigated and applied to
the determination of the target analytes
(namely, B, Sb, Se, Te, Hg and As) at ultra-
trace levels in environmental samples. The
detection limits found were in the range
0.5-7.0 pg/ml.

On-line preconcentration and oxidation by
hydrogen peroxide were combined to improve
the atomic emission limit of detection for iod-
ine. The process was automated by FIA and
hyphenated to both ArlCP-AES and HelCP-
AES for evaluation of the performance of the
overall system as a way to circumvent the
drawbacks encountered in the batch method,
to which I, is adsorbed onto the peristaltic
PVC pump tubing causing a memory effect,
and the mixed reagents were only stable for
1 hr. To minimize the memory effect in the
batch method, the transfer line was rinsed
with a 0.02% solution of sodium thiosulphate
in an attempt to reduce I, (adsorbed on the
transfer line) to 1. Although this procedure
was effective in reducing the memory effect, its
use in routine analysis was limited because of
cross-contamination and increased analysis
time. To eliminate the cited limitations in the

batch method, the reagents were mixed on-line
and the formation of I, took place along the
reactor, thus avoiding its passage through the
pump tubing. The iodine signal at 183.04 nm
was enhanced by a factor of 33 and 100 for
ArICP and HelCP, respectively, with detec-
tion limits of 5 and 9 ng/ml.*

SPECIATION STUDIES

Speciation has been implemented in
FIA-HDI using different capabilities of such
arrangements. One of the simpler but more
expensive ways to develop speciation is by the
use of a detector which allows direct discrimi-
nation of the different forms of a given element
or compound. This is the case with the
FIA-MS-MS tandem, with ion-spray sample
introduction and discrimination by selective
reaction monitoring of daughter—parent pairs,
which has been used for speciation of organotin
compounds in sediment and SRM.' or the use
of molecular emission cavity analysis (MECA)
for the speciation of sulphur anions (as
sulphide/sulphite/sulphate)'™™ and that of
phosphorus insecticides'”' and organophospho-
rus compounds,'” based on the parameter 1 (#yy
is the time elapsed between introduction of the
cavity into the flame and analytical achievement
of the maximum peak intensity). Speciation can
also be implemented in FIA systems coupled to
twin in-series detectors with non-capability for
speciation. Such is the case with the speciation
of phosphorus compounds (as phosphate and
total phosphorus) in waste water by FIA and
sequential spectrophotometry and [CP-AES.
Phosphate was determined as  molyb-
dovanadophosphoric acid using a colourimetric
method and the solution from the flow cell of
the spectrophotometer was directly introduced
to an ICP. The determination of total phos-
phorus was performed by measuring the emis-
sion intensity at 177.499 nm. Chromium caused
a positive error in the colourimetric determi-
nation, but ions commonly existing in waste
water did not interfere with the determination of
total phosphorus. The sampling throughput was
80 samples/hr. The contributions of FIA to
improve the features of the method were the
on-line derivatization and the increased
sampling frequency.''?

Discrimination can also be achieved in the Fi
manifold. Such is the case with speciation of
antimony [as Sb(ITI)/Sb(V)].'"”” Antimony was
reduced to stibine and determined in 1M malic
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acid or 0.5M tartaric acid, whereas in either of
these media antimony(V) gave little or no signal.
Total antimony was separately determined in
the presence of 0.1M thiourea as pre-reductant.

An on-line separation step can also endow the
method with discriminating capability, as in the
method proposed for the sequential speciation
of chromium [as Cr(ITT)/Cr(VI)] based on the
use of microcolumn of activated alumina in an
FIA-ICP-AES arrangement. The column was
used to separate and preconcentrate Cr(VI)
from Cr(1II) before ICP detection at 267.72 nm.
Thus, determination limits of 1.4 and 0.20 ng/ml
for Cr(IIl) and Cr(VI), respectively, were ob-
tained.'!'

More complex separation techniques as GC
have also been hyphenated to FIA and micro-
wave-induced plasma (MIP) atomic emission
spectrometry for organotin speciation analysis.
The method was based on the preconcentration
of ionic organotin compounds by sorption on
bonded silica with octadecyl functional groups
followed by on-column ethylation using sodium
tetraethylborate. The derivatized species were
eluted with 250 ul of methanol, separated by gas
chromatography and detected by MIP-AES.
The method was applied to the determination of
the target analytes in river samples which were
also analysed using a manual liquid-liquid ex-
traction method. The results agreed within
10-15% for concentrations of a few pg/ml.*

CONCLUSIONS

From Tables 1-3 the more extensive use of FI
coupled to ICP can be stated. The first of such
arrangements exploited the FI manifold only as
a means of reproducible transport of the sample
into the instrument, with the sole aim of increas-
ing sample frequency. Later it was realized that
periodical washing of the nebulizer is beneficial,
allowing handling of concentrated samples.
These features, together with the feasibility of
automated dilution and calibration led to the
realization that FIA is the cure of the ‘Achilles
heel’ of ICP. From more recent developments
such as FIA preconcentration/separation, FIA
speciation and FIA conversion it becomes ap-
parent that FIA can be a more useful problem
solver.

The long way ran for full implementation of
FIA-ICP coupling seems also to be the way
followed by other high discrimination systems,
as can be inferred from Tables 2 and 3. In this
respect it is noticeable the scarce number of

FI-RMN methods proposed so far, despite the
fact that interface problems are successfully
solved as a result of the previous coupling of
RMN with other hydrodynamic systems as is
the case with LC-RMN.

Some isolated attempts have been made using
these hyphenated systems and should be
exploited as they offer interesting perspectives,
namely: (a) use of robotic stations for sample
pretreatment steps such as weighing and dissol-
ution. The pretreated sample can be introduced
directly into the FI manifold,"®®'®" thus achiev-
ing full automation of the analytical process. (b)
Direct introduction of solid samples into the
FIA-HDI arrangement. A first attempt has
been made in this respect by use of electrical
energy for leaching the sample.'"'3 Electrolysis
is not the sole way of using solid samples in
these dynamic systems, as ultrasounds have also
proved their great potential in this context.'3!%
(¢) Use of FIA as a ‘hyphen’ allowing different
instrumental techniques to be linked together.
The use of a stripping flow-cell for preconcen-
tration purposes is a partial example of this
potential, which can also be expanded to its use
for preconcentration/determination prior to the
high discrimination instrument, thus increasing
the information level. Also FIA could be linked
to apparatus such as a supercritical fluid extrac-
tor and an HDI with accomplishment of the
intermediate step (derivatization, separation,
etc.), which no doubt would improve the overall
performance of the method. (d) The scope of
non-chromatographic continuous separation
techniques coupled to FIA-HDI should be
broadened by including prevaporation'® and
continuous precipitation'® as both have proved
their capabilities when coupled to FIA. (¢) More
attention must be paid to the use of FIA to
obtain information in the development of theor-
etical studies of the dynamics in membrane and
membraneless instruments,’® and to the
FIA-HDI coupling interfaced by an autosam-
pler.'®® All these slightly or unexploited aspects
of FIA in hyphenated systems can undergo
suitable development with the present trend of
some manufacturers, which integrate FIA
systems in HDI as a means, in principle, of
sample handling.

Acknowledgement—Comision Interministerial de Ciencia y
Tecnologia (CICyT) is thanked for financial support.

REFERENCES

1. T. Hirschfeld, Anal. Chem., 1980, 52, 297A.



11
12,

20.

21

22.
23.

24.
25.
26.
27.

28.

29.

FIA and high discrimination results

. M. A. Brown (Ed.) Liquid Chromatography|Mass
Spectromerry. Applications in Agricultural, Pharmaceu-
tical and Environmental Chemistry. ACS Symposium
Series, 1990.

. A.L. Yergey, C. G. Edmonds, I. A. S. Lewisand M. L.
Vestal, Liquid Chromatography [Mass Spectrometry.
Techniques and Applications. Plenum Press, New York,
1990.

. F. W. Karasek and R. E. Clement, Basic Gas
Chromatography -Mass Spectrometry. Principles and
Techniques. Elsevier, Amsterdam, 1988.

. R. M. Harrison and S. Rapsomanikis, Environmental
Analysis Using Chromatography Interfaced with Atomic
Spectroscopy. Ellis Horwood, Chichester, 1989.

. K. Jinno (Ed.) Hyphenated Techniques in Supercritical
Fluid Chromatography and Extraction. Elsevier,
Amsterdam, 1992.

. K. L. Busch, G. L. Glish and S. A. McLuckey,
Mass Spectrometry [Mass Spectrometry. Techniques
and Applications in Tandem Mass Spectrometry. VCH,
New York, 1989.

. M. Valcarcel and M. D. Luque de Castro, Flow
Injection Analysis: Principles and Applications. Ellis
Horwood, Chichester, 1987.

. J. Ruzicka and E. H. Hansen, Flow Injection Analysis.
Wiley & Sons, New York, 1988.

. B. Karlberg and G. E. Pacey, Flow Injection Analysis.

A Practical Guide. Elsevier, Amsterdam, 1989.

T. Yamane, J. Flow Injection Anal., 1991, 8, 49.

M. Valcaracel and M. D. Luque de Castro, Non-

Chromatographic Continuous Separation Techniques.

RSC, Cambridge, 1991.

. Z. Fang, Flow Injection Separation and Preconcentra-
tion. VCH, Weinheim, 1993.

. M. D. Luque de Castro and M. Valcarcel, Trends Anal.
Chem., 1986, 5, 71.

. M. Valcarcel and M. D. Luque de Castro, Anal. Chim.
Aeta, 1991, 250, 157.

. M. D. Luque de Castro and M. Valcarcel, Lab.
Robotics Autom., 1991, 3, 199.

. M. Valcarcel and M. D. Luque de Castro, Analyst,
1993, 118, 593.

. M. Valcircel and M. D. Luque de Castro, Flow-
Through (Bio)Chemical Sensors. Elsevier, Amsterdam,
1994.

. L. Huber and S. A. George, Diode Array Detection in

HPLC. Marcel Dekker, New York, 1993.

J. Janata and J. Ruzicka, Anal. Chim. Acta, 1982, 139,

105.

F. Lazaro, A. Rios, M. D. Luque de Castro and

M. Valcarcel, Analysis, 1986, 14, 378.

J. Ruzicka, Fresenius J. Anal. Chem., 1986, 324, 745.

Z. Fang, S. Xu, X. Wang and S. Zhang. Anal. Chim.

Acta, 1986, 179, 325.

Z. Fang, S. Xu and S. Zhang, Anal. Chim. Acta, 1987,

200, 35.

J. F. Tyson, Anal. Chim. Acta, 1988, 214, 57.

J. F. Tyson, Anal. Chim. Acta, 1990, 234, 3.

J. A. Koropchak and D. H. Winn, Trends Anal. Chem.,

1987, 6, 171.

A. O. Jacintho, E. A. G. Zagatto, H. Bergamin Fo.,

F. J. Krug, B. F. Reis, R. E. Bruns and B. R.

Kowalski, Anal. Chim. Acta, 1981, 130, 243.

T. Ito, H. Kawaguchi and A. Mizuike, Bunseki

Kagaku, 1980, 29, 332.

. Z. Fang, Spectrochim. Acta Rer., 1991, 14, 235.

31
32,
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

S5.

56.

57.

S8.

59.

60.

6l.

62.

63.

64.

65.

66.

167
J. F. Tyson, Spectrochim. Acta Rer.. 1991

169.

Z. Fang, Fenxi Huaxue, 1986, 14, 549.

S. Xu and Z. Fang, Huaxue Toghao, 1984, 8, 12.
L. E. Smythe, Rev. Anal. Chem., 1982, 6, 1.

G. D. Christian and J. Ruzicka. Spectrochim. Acta,
1987, 42B, 157.

M. Linscheid, Chem. Labor. Beri., 1990, 41, 125.

T. Shimamura, Shitsuryo Bunseki, 1988. 36, 273.

R. M. Barnes, Spectroscopy, 1986, 1, 24.

E. G. Bartick and R. G. Messerschmidt, Int. Lub.,
1985, 58-64, 66.

0. F. X. Donard and F. M. Martin. Trends Anal.
Chem.. 1992, 11, 17.

J. A. Koropchak, H. Aryamanya and D. H. Winn,
J. Anal. At. Spectrom., 1988, 3, 799.

P. L. Kempster. J. F. van Staden and H. R. van Vliet,
Fresenius J. Anal. Chem., 1988, 332, 153,

S. Greenfield, Spectrochim. Acta, 1983, 38B, 93.

P. L. Kempster. H. R. van Vliet and J. F. van Staden.
Anal. Chim. Acta, 1989, 218, 69.

M. Ibrahim, W. Nisamaneepong and J. Caruso,
J. Chromatogr. Sci., 19885, 23, 144.

B. R. LaFreniere. R. S. Houk, D. R. Wiederin and
V. A. Fassel, Anal. Chem., 1988, 60, 23.

K. Jinno. H. Mae and C. Fujimoto, J. High Resol.
Chromatogr.. 1990, 13, 13.

A. J. Ambrose. L. Ebdon and P. Jones, Anal. Proc..
1989, 26, 377.

H. Chen, Z. Jiang, Z. Lai and Z. Liao. Fenxi Huaxue,
1990, 18, 1152.

J. A. Horner, A. P. Wade and M. W, Blades, J. 4nal.
At Spectrom.. 1988, 3, 809.

K. R. Brushwyler, L. D. Carter and G. M. Hieftje.
Appl. Spectrosc., 1990, 44, 1438.

M. P. Granchi, J. A. Biggerstaff, L. J. Hilliard and
P. Grey, Spectrochim. Acta, 1987, 42B, 169.

D. Yuan, X. Wang, P. Yang and B. Huang. Anal.
Chim. Acta, 1991, 251, 187.

C. W. McLeod. P. J. Worsfold and A. G. Cox. Analyst,
1984, 109, 327.5.

A. J. Faske, K. R. Snable, A. W. Boorn and R. F.
Browner, Appl. Specitrosc., 1985, 39, 542.

K. E. LaFreniere, G. W. Rice and V. A. Fassel,
Spectrochim. Acta, 1985, 40B, 1495.5.

J. A. Koropchak and D. H. Winn, 4nal. Chem., 1986,
58, 2561.

T. J. Brotherton, P. E. Pfannerstill, J. T. Creed, D. T.
Heitkemper, J. A. Caruso and S. E. Pratsinis, J. Anal.
At. Spectrom., 1989, 4, 341.5.

T. W. Avery, C. Chakrabarty and J. J. Thompson,
Appl. Spectrosc.. 1990, 44, 1690.

K. E. Lawrence, G. W. Rice and V. A. Fassel, Anul.
Chem., 1984, 56, 289.6.

H. Chen, Z. C. Jiang, Y. Zeng and L. Y. Kong,
Guangpuxue Yu Guangpu Fenxi. 1992, 12, 49.

E. G. Chudinov, 1. 1. Ostroukhova and G. V.
Varvanina, Fresenius J. Anal. Chem., 1989, 335, 25.

A.J. Ambrose, L. Ebdon. M. E. Foulkes and P. Jones,
J. Anal. At. Spectrom., 1989, 4, 219,

Y. Israel, A. Lasztity and R. M. Barnes. Analyst. 1989,
114, 1259.

Y. Israel and R. M. Barnes, Anal. Chem., 1984, 56,
1188.

D. E. Daveyand G. J. H. Metz. J. Anal. At. Spectrom.,
1988. 3, 375.

14,



168

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9l.

92.

93.

94.

9s5.

96.

M. D. LUQUE DE CASTRO and M. T. TENA

Q. Shen, Z. Jiang and Z. Liao, Fenxi Shiyanshi, 1991,
10, 45.6.

E. A. G. Zagatto, A. O. Jacintho, F. J. Krug, B. F.
Reis, R. E. Bruns and M. C. U. Aratjo, Anal. Chim.
Acta, 1983, 145, 169.

B. F. Reis, M. F. Giné, F. J. Krug and H. Bergamin
Fo., J. Anal. At. Spectrom., 1992, 7, 865.

S. J. Evans and R. J. Klueppel, Spectrochim. Acta,
1985, 40B, 49.

M. F. Giné, H. Bergamin Fo., B. F. Reis and R. L.
Tuon, Anal. Chim. Acta, 1990, 234, 207.

J. M. Martin and P. J. Ihrig, Appl. Spectrosc., 1987, 41,
986.

M. F. Giné, F. J. Krug, H. Bergamin Fo., B. F. Reis,
E. a. G. Zagatto and R. E. Burns, J. Anal. At
Spectrom., 1988, 3, 673.

M. M. Gémez and C. W. McLeod, J. 4nal. At
Spectrom., 1993, 8, 461.

N. Furuta, K. R. Brushwyler and G. M. Hieftje,
Spectrochim. Acta, 1989, 44B, 349.

A. G. Cox, C. W. McLeod, Anal. Chim. Acta, 1986,
179, 487.

M. R. Garcia-Pereiro, A. Lopez-Garcia, M. E. Diaz-
Garcia and A. Sanz-Medel, J. Anal. At. Spectrom.,
1990, 5, 15.

M. R. Garcia-Pereiro, M. E. Diaz-Garcia and A.
Sanz-Medel, J. Anal. At. Spectrom., 1987, 2, 699.

D. R. Anderson and C. W. McLeod, Anal. Proc., 1988,
25, 67.

Y. Madrid, M. Wy, Q. Jin and G. M. Hieftje, 4Anal.
Chim. Acta, 1993, 277, 1.

C. W. McLeod, I. G. Coox, P. J. Worsfold,
J. E. Davies and J. Queay, Spectrochim. Acta, 1985,
40B, 57.

1. P. Dolan, S. A. Sinex, S. G. Capar, L. Montaser and
R. H. Clifford, Anal. Chem., 1991, 63, 2539.

A. G. Cox, C. W. McLeod, D. L. Miles and J. M.
Cook, J. Anal. At. Spectrom., 1987, 2, 553.

1. G. Cook, C. W. McLeod and P. J. Worsfold, Anal.
Proc., 1986, 23, 5.

J. Szpunar-Lobinska, M. Ceulemans, R. Lobinski and
F. C. Adams, Anal. Chim. Acta, 1993, 278, 99.

S. D. Hartenstein, J. Ruzicka and G. D. Christian,
Anal. Chem., 1985, 87, 21.

S. Caroli, A. Alimonti, F. Petrucci and Zs. Horvath,
Anal. Chim. Acta, 1991, 248, 241,

C. W. McLeod, Y. Zhang, 1. Cook, A. Cox, A. R. Date
and Y. Y. Cheung, J. Res. Nat. Bureau Standards,
1988, 93, 462.

S. D. Hartenstein, G. D. Christian and J. Ruzicka,
Canad. J. Spectrosc. 1985, 20, 144,

X. Wang and R. M. Barnes, J. Anal. At. Spectrom.,
1989, 4, 509.

X. Peng, Z. Jiang and Y. Zen, Anal. Chim. Acta, 1993,
283, 887.

Y. Israel, A. P. Krushevska, H. Foner, L. J. Martines
and R. M. Barnes, J. Anal. At. Spectrom., 1993, 8,
467.

J. Dumont, M. Cé6té and J. Hubert, Appl. Spectrosc.,
1989, 43, 1132,

N. Kasthurikrishnan and J. A. Koropchak, Anal.
Chem., 1993, 65, 857.

J. L. Marzoori and A. Miyazaki, Anal. Chem., 1990,
62, 2457.

M. Yamamoto, Y. Obata, Y. Nitta, F. Nakata and
T. Kumamaru, J. Anal. At. Spectrom., 1988, 3, 441.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.
110.

111.

112,

113.
114

115.

116.

117.

118.

119.

120.

121.

122,

123.

124.

125.

126.

127.

128.

X. Wang and R. M. Barnes, Fenxi Shiyanshi, 1991,
10, 7.

T. Kumamaru, Y. Nitta, F. Nakata, H. Matsu and
M. Ikeda, Anal. Chim. Acta, 1985, 174, 183.

O. Emteryd, B. Andersson and H. Wallmark,
Microchem. J., 1991, 43, 87.

X. Wang and R. M. Barnes, J. Anal. At. Spectrom.,
1988, 3, 1091.

R. M. Barnes and X. Wang, J. Anal. A1. Spectrom.,
1988, 3, 1083.

R. R. Liversage, J. C. van Loon and J. C. de Andrade,
Anal. Chim. Acta, 1984, 161, 275.

N. H. Tioh, Y. Israel and R. M. Barnes, Anal. Chim.
Acita, 1986, 184, 205.

A. Brzezinska-Paudyn, J. van Loon and R. Hancock,
At. Spectrosc. 1986, 7, 72.

H. Chen, Z. Jiang, L. Kong and Y. Zen, Fenxi Ceshi
Tongbao, 1990, 9, 9.

F. Nakata, H. Sunahara, H. Fujimoto, M. Yamamoto
and T. Kumamaru, J. Anal. At. Spectrom., 1988, 3,
579.

T. Nakahara and N. Nikui, Anal. Chim. Acta, 1985,
172, 127.

G. S. Pyen and R. F. Browner, Appl. Spectrosc., 1988,
42, 508.

H. Gao, K. Li, Fenxi Huaxue, 1991, 19, 1285.

Z. Li, S. Mcintosh and W. Slavin, Anal. Proc., 1992,
29, 438.

A. G. Cox, I. G. Cook and C. W. McLeod, Analyst,
1985, 110, 331.

J. L. Manzoori, A. Miyazaki and H. Tao, Analyst,
1990, 115, 1055.

A. Miyazaki and K. Bansho, Kogai, 1989, 24, 87.
G. H. Vickers, B. S. Ross and G. M. Hieftje, Appl.
Spectrosc., 1989, 43, 1330.

S. Vijayalakshmi, R. K. Prabhu, T. R. Mahalingam
and C. K. Mathews, Ar. Spectrosc., 1992, 13, 61.

K. K. Falkner and J. M. Edmond, Anal. Chem., 1990,
62, 1477.

J. Wang, E. H. Evans and J. A. Caruso, J. Anal. At.
Spectrom., 1991, 6, 605.

D. Beauchemin, K. W. Siu and S. S. Berman, Anal.
Chem., 1988, 60, 2587.

D. S. Bushee, J. R. Moody and J. C. May, J. Anal. At.
Spectrom., 1989, 4, 773.

J. H. D. Hartley, L. Ebdon and S. J. Hill, 4nal. Proc.,
1992, 29, 94.

A. N. Eaton, R. C. Hutton and J. G. Holland, Chem.
Geol., 1992, 95, 63.

P. Van de Weijer, P. J. M. G. Vullings, W. L. H.
Baeten and W. J. M. De Laat, J. Anal. At. Spectrom.,
1991, 6, 609.

J. Wang, W. L. Shen, B. S. Sheppard, E. H. Evans,
J. A. Caruso and F. L. Fricke, J. Anal. A1. Spectrom.,
1990, 5, 445.

J. R. Dean, L. Ebdon, H. M. Crews and R. C. Massey,
J. Anal. At. Spectrom., 1988, 3, 349,

D. C. Colodner, E. A. Boyle and J. M. Edmond, Anal.
Chem., 1993, 65, 1419,

T. Mochizuki, A. Sakashita, H. Iwata, Y. Ishibashi
and N. Gunji, Anal. Sci., 1990, 6, 191.

S. G. Matz, R. C. Elder and K. Tepperman, J. 4nal.
At. Spectrom., 1989, 4, 767.

J. Eagles, S. J. Fairweather-Tait, F. A. Mello, D. E.
Portwood, R. Self, A. Goetz, K. G. Heumannand H. M.
Crews., Rapid. Commun. Mass. Spectrom., 1989, 3, 203.



129

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.
143.

145.

146.

147.

148.

149.

150.

151

152.

153.

154.

155.

156.

157.

158.

159.

160.

FIA and high discrimination results

. J. J. Thompson and R. S. Houk, Anal. Chem., 1986,
58, 2541.

H. M. Al-Swaidan, N. Lacy and G. D. Christian,
Anal. Lett., 1989, 22, 2653.

A. Stroh, U. Vdllkopf and E. R. Denoyer, J. Anal. At.
Spectrom., 1992, 7, 1201.

S. J. Hill, J. Hartley and L. Ebdon, J. Anal. At
Spectrom., 1992, 7, 895.

A. N. Eaton and R. C. Hutton, Lab. Pract., 1988, 37,
61.

D. Beauchemin, Analyst, 1993, 118, 815.

A. Stroh and U. Véllkopf, Anal. Proc., 1992, 29, 274,
X. Wang, A. Lasztity, M. Viczian, Y. Israel and R. M,
Barnes, J. Anal. At. Spectrom., 1989, 4, 727.

S. J. Hill, J. Hartley and L. Ebdon, J. Anal. At.
Spectrom., 1992, 723.

M. Viczian, A. Lasztity, X. Wang and R. M. Barnes,
J. Anal. At. Spectrom., 1990, §, 125.

A. Lasztity, M. Viczian, X. Wang and R. M. Barnes,
J. Anal. At. Spectrom., 1989, 4, 671.

D. R. Wiederin, R. E. Smyczek and R. S. Houk, Anal.
Chem., 1991, 63, 1626.

Z. Peng, J. Klingenberg, T. Beeren and W. Van Borm,
Spectrochim. Acta, 1991, 46B, 1051.

P. Richner, J. Anal. At. Spectrom., 1993, 8, 927.

M. B. Shabani and Akimasa Masuda, Anal. Chim.
Acta, 1992, 261, 315.

. H. Mukai, Y. Ambe and M. Morita, J. Anal. At
Spectrom., 1990, §, 75.

L. Ebdon, A. Fisher, H. Handley and P. Jones,
J. Anal. At. Spectrom., 1993, 8, 979.

E. Liu, W. J. Chen and C. Y. Zhao, Fenxi Huaxue,
1993, 21, 328.

J. R. Pretty, E. A. Blubaugh, E. H. Evans, J. A.
Caruso and T. M. Davidson, J. Anal. At. Spectrom.,
1992, 7, 1131.

T. Akagi, T. Hirata and A. Masuda, Anal. Sci., 1990,
6, 397.

X. Wang, M. Viczian, A. Lasztity and R. M. Barnes,
J. Anal. Ar. Spectrom., 1988, 3, 821.

A. Stroh and U. Véllkopf, J. Anal. At. Spectrom.,
1993, 8, 35.

U. Vélikopt, A. Guensel and A. Janssen, At. Spectrosc.,
1990, 11, 135.

D. J. Curran and W. G. Collier, Anal. Chim. Acta,
1985, 177, 259.

M. de la Guardia, S. Garrigues and M. Gallignani,
Anal. Chim. Acta, 1992, 261, 53.

S. Garrigues, M. Gallignani and M. de la Guardia,
Talanta, 1993, 40, 89.

M. Mallignani, S. Garrigues, A. Martinez-Vado and
M. de la Guardia, Analyst, 1993, 118, 1043.

S. V. Olesik, §. B. French and M. Novotny, Anal.
Chem., 1986, 58, 2256.

D. K. Morgan, N. D. Danielson and J. E. Katon,
Anal. Let., 1985, 18, 1979.

B. E. Miller, N. D. Danielson and J. E. Katon, Appl.
Spectrosc., 1988, 42, 401.

S. Garrigues, M. Gallignani and M. de la Guardia,
Analyst, 1992, 117, 1849.

M. Gallignani, S. Garrigues and M. de la Guardia,
Anal. Chim. Acta, 1993, 274, 267.

61,

162.

163.

164.

165.

166.

167.

168.

169.

170.

171

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.
150.

169

M. de la Guardia, M. Gallignani and S. Garrigues.
Anal. Chim. Acta, 1993, 282, 543.

K. W. Siu, G. J. Gadner and S. S. Berman, Anal.
Chem., 1989, 61, 2320.

M. J. Hayward. T. Kotiaho, A. K. Lister. R. G.
Cooks, G. D. Austin, R. Narayan and G. T. Tsao,
Anal. Chem.. 1990, 62, 1798.

M. J. Hayward, D. E. Riederer, T. Kotiaho, R. G.
Cooks, G. D. Austin, M. J. Syu and G. T. Tsao,
Process Control Qual., 1991, 1, 105.

S. Pleasanse, M. A. Quilliam, A. S. W. De Freitas,
J. C. Marr and A. D. Cembella. Rapid. Commun.
Mass Spectrom.. 1990, 4, 206.

M. S. Leloux, W. M. A. Niessen, R. A. M. Van der
Hoeven, Biol. Mass Spectrom., 1991, 20, 647.

T. A. Getek, W. A. Korfmacher, T. A. McRae and
J. A. Hinson, J. Chromatogr.. 1989, 474, 245.

J. S. Canham and G. E. Pacey, Anal. Lerr., 1988, 21,
1619.

J. S. Canham and G. E. Pacey. 4nal. Chim. Acta.
1988, 214, 385.

J. L. Burguera, M. Burguera and D. Flores, Anal.
Chim. Acta, 1985, 170, 331.

J. L. Burguera and M. Burguera, Anal. Chim. Acta,
1986, 186, 597.

J. L. Burguera and M. Burguera, Anal. Chim. Acta,
1984, 157, 177.

J. L. Burguera and M. Burguera, 4nalyst, 1986, 111,
171

S. A. Curran and D. E. Williams, Appl. Spectrosc..
1987, 41, 1450.

C. K. Y. Lam, Y. Zhang, M. A. Busch and K. W.
Busch, Talanta, 1993, 40, 867.

J. W. Elgersma and F. J. M. J. Maessen. Spectrochim.
Acta, 1986, 41B, 1217.

A. Gustavsson, Spectrochim. Acta, 1987, 42B, 111.
A. Gustavsson, Spectrochim. Acta, 1988, 43B, 917.

J. W. Elgersma, J. Balke and F. J. M. J. Maessen,
Spectrochim. Acta, 1991, 46B, 1073,

G. J. Tsal, G. D. Austin, M. J. Syu, G. T. Tsao. M. J.
Hayward, T. Kotiaho and R. G. Cooks, Anal. Chem.,
1991, 63, 2460.

H. Bergamin, F. J. Krug, E. A. G. Zagatto, E. C.
Arruda and C. A. Coutinho, Anal. Chim. Acta. 1986,
190, 177.

H. Bergamin, F. J. Krug, B. F. Reis, J. A. Nobrega,
M. Mesquita and L. G. Souza, Anal. Chim. Acta, 1988,
214, 397.

Danhua Chen, F. Lazaro, M. D. Luque de Castro and
M. Valcarcel, Anal. Chim. Acta, 1989, 226, 221.

F. Lazaro, M. D. Luque de Castro and M. Valcarcel,
Anal. Chim. Acta, 1991, 242, 283.

F. Carete, A. Rios, M. D. Luque de Castro and
M. Valcarcel, Anal. Chim. Acta, 1989, 224, 127,

J. A, Garcia-Mesa, M. D. Luque de Castro and
M. Valcarcel. Anal. Chem., 1993, 65, 3540.

J. A. Garcia-Mesa, M. D. Luque de Castro and
M. Valcarcel, J. Flow Injection Anal., 1993, 10, 262.
I. L. de Mattos. M. D. Luque de Castro and
M. Valcircel, Talanta (to appear in 1995).

V. Kuban, Fresenius J. Anal. Chem., 1993, 346, 873.
P. Moss and E. D. Salin, Appl. Spectrosc.. 1991, 45,
1581.



