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Abstract

A review dealing with the use of flow injection technique (FIA) in the drug analysis is presented. Comments
on the application of automated FIA systems in the quality control of pharmaceuticals and in pharmaceutical
research are involved in the survey. Part [. comprises papers using spectrophotometry and chemiluminescence as

detection techniques.
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1. Introduction

In recent years more and more strict regulations
related to the quality control of pharmaceuticals led
to increasing demands on the automation of
~ analytical assays carried out in appropriate control
laboratories. At the same time, during twenty-five
years of its existence, the FIA technique [1] became
a 'versatile instrumental tool that contributed
substantially to the development of automation in
pharmaceutical analysis. This can be well
documented by a number of reviews on the use of
FIA in the analysis of drugs. In the field of flow
injection in pharmaceutical analysis several reviews
were published by our group [2-4]. The latest
reviews on this topic appeared, to our best
knowledge, in 1990 [5] (125 references) and 1992
[6,7] (88 references) and the most recent monograph
devoted to the application of FIA in pharmaceutical
control was published in 1996 [8].

The objective of this paper is to present an
overview of FIA papers concerning the analysis of
drugs that were published between 1997 and 2000
and thus to implement and update the information
provided earlier in the sources cited above [5-8]. In
order to facilitate better orientation of the reader in
the respective matter we decided to adopt the scheme
of sorting the FIA methods according to the type of
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detection as the major classification feature (see [6] )
regardless of auxiliary on-line procedures employed
within the FIA scheme, such as solvent exiraction,
dialysis, solid-phase pre-concentration, photolysis,
use of packed-bed enzyme reactors or
immunosorbents, etc.

2. Comments on the application of ‘automated
FIA procedures in the quality control of
pharmaceuticals and in pharmaceutical research

A) Pharmacopoeial assays

It is obvious that in the quality control of drugs as
bulk substances the inherent advantage of FIA, i.e.
high sample throughput, is generally not required in
conventional control laboratory; hence in this
instance there is no need for FIA to compete with the
established official methods. On the other hand, the
regulations  concerning  quality  control  of
pharmaceutical formulations (especially solid dosage
forms) require to carry out content uniformity tests
with large sets of individual tablets and to examine:
the liberation of the active substance from the
formulation (dissolution tests for tablets or
ointments). These tasks may be solved by an
automated FIA with its excellent reagent economy
and capacity of sampling frequencies close to
100 h'. Application of multi-sensing devices (UV-
VIS diode-array detectors, FT-IR detection, muliti-
channel electrochemical detection with electrode




Table 1: FIA assays with UV/VIS spectrophotometric detection

drug matrix A reagents/ technique | linear range detect. | ST | ref.
(nm) (mg/1) limit | (h7)
(mg/l)
acetylsalicylic acid tablets 525 Fe’ 25-250 4 90 9
adrenaline pharmaceuticals 287 solid phase detection 1-12 0.17 12 10
ambroxol tablets 209 25 uM 50 11
amiloride solution 545 methylene blue, Ce™ up to 120 30 | 12
ammonium pharmaceuticals 636 phenantroline 1-20 0.35 13
amoxycillin pharmaceuticals solid phase detection 0.5-50 14
ascorbic acid (L-) 480 Cu’’ 5-40 uM 03uM | 80 | 15
ascorbic acid (L-) 265 ion pairs 10 - 100 uM 2 uM 30 | 16
ascorbic acid pharmaceuticals 528 Rhodamine 6G 0.1-4 80ng/ml| 100 | 17
ascorbic acid vitamin tablets 525 KMnQ;, indirect up to 200 ppm 90 18
ascorbic acid pharmaceuticals 267 solid phase detection 0.2 -20 0.02 19
benzocaine biological fluids 510 dinitrobenzofuroxan 0.08-5.0 0.04 20
novocain derivatives 0.05
benzodiazepine human urine 550, 600 NaNO,, naphtol 25-15uM [03-1uM 21
bismuth pharmaceuticals | 363, 505 | tetraphenylarsonium | 23pM-0.15mM [ 1 5uM | 40 | 22
busulphan tablets 570 dissolution 424 23
caffeine pharmaceuticals | 220 - 300 diode-array 24
acetylsalicylic acid
paracetameol
caffeine pharmaceuticals | 245 -310 multivariate 25
dimenhydrinate ' ~ calibration
acetaminophen
cefadroxil pharmaceuticals 600 phenylenediamine, Fe™* 80 - 320 40 26
cephalosporines human urine 330 Pd” 5-60 2 27
chlorhexidine pharmaceuticals extraction 10 - 100 uM 40 | 28
chlorpromazine solution 340 enzyme inhibition | 20-100uM | 20 uM 29
cysteine pharmaceuticals 360 Co™ 1-90 90 | 30
diclofenac tablets 412 acridine yellow 8§ uM -0.2 mM 40 | 31
diclofenac human urine 580 Ce" 0.2-8 0.023 32
diclofenac pharmaceuticals 281 solid phase detection 0.5-140 33
L-dopa ' tablets 370, 500 04-10mM | 02uM | 26 | 34
carbidopa 0.15 uM
dopamine pharmaceuticals 360 0-02mM 3.5uM 35
methyldopa 0-03mM 0.43 pM
epinefrin pharmaceuticals 530 Fe*" 5-200 1 36
isoprenaline 10 -300 1
etambutol tablets 420 dissolution 50 -300 20 | 37
fluticasone solution o-phtalaldehyde 38
furosemide tablets 410 Pd*’ 20 -400 uM S5uM | 50 | 39
sulphathiazoie 50— 300 pM 14 uM
glycine pharmaceuticals 235 immobilised CuCO; | 50 uM — 1 mM 40
heparin solution thiazine dyes 0-12 0.1 41
hydrochlorothiazid | pharmaceuticals | 220 —~350 42
iron vitamin tablets thiocyanate 43
iron drugs photometric diode 1.6-4.0 133 | 44
iron tablets 440 dihydroxybenzaldehyde up to 8 ppm 20 | 45
iron pharmaceuticals 596 dihydroxyphenylacetate | up to 8.3 ppm 46
iron pharmaceuticals 520 phenantroline 54 | 47




drug matrix A reagents/ technique | linear range detect. | ST | ref.

’ (nm) (mg/l) limit | (h™")
(mg/l)

iron drugs 360 1-10 pM 0.2 uM 48

lactate pharmaceuticals 562 ferrozine 0.3-90 50ng/ml| 30 | 49
{ minoxidil pharmaceuticals 282 solid phase 0.05~7 6 ng/ml 50

morphine solution 480 NaNO, 2-40 0.6 51

neostigmine pharmaceuticals 610 extraction 0.1-0.5uM 18nM | 48 | 52

nitroglycerine tablets 618 stopped flow 2 - 80 mg/l 15 | 53

isosorbide dinitrate injections

paracetamol pharmaceuticals 264 0.5-8.0 0.022 40 | 54

paracetamol pharmaceuticals | 240 - 350 simultaneous 55

caffeine determination -

acetylsalicylic acid

paracetamol pharmaceuticals 300 solid phase 0.104 36 | 56

salicylamide 0.35

peroxide pharmaceuticals 350 acetic acid, propanol | up to 300 nM 57

hydi‘operoxide

phenothiazines tablets 500 MnO, 5~250 58

phenothiazines pharmaceuticals 526 Fe' 250 — 500 8 59

pindolol solution 635 Fe’ 5-120 30 | 60

promazine injections 512 Fe’', phenantroline 2 — 12 ppm 0.1ppm | 163 | 6]

pyridoxine pharmaceuticals 450 cetylpyridinium up to 1 mM 50 uM 60 | 62

tenoxicam pharmaceuticals | 540, 355 | methanolic medium 7320 63

HCl medium 0.5-85 '

theophylline solution 270 solid phase extraction 1-100 0.5 64

thiamine tablets, ampoules 420 turbidimetry 50 — 300 uM 10uM | 90 | 65

thiamine vitamin tablets 369 hexacyanoferrate 2.5-50 1 66

thioridazine solution 470 Pb0, 025-5 39 67

thioridazine pharmaceuticals 662 10 - 60 05ug/l | 50 | 68

zine pharmaceuticals thiazolazonaphtol 0.04 -4 0.01 45 | 69

Table 2: FIA assays with chemiluminescence detection
drug matrix reagents/ linear range detection ST ref.
technique (mg/1) limit ('
(mg/))

adrenaline injections H,0;, 0.04-2 20 ng/ml 70

dopamine luminol 0.01-1 4 ng/ml

isoprenaline 0.04-2 16 ng/ml

amidopyrine injections KMnOy,, 0.1-80 30 g/l

formaldehyde
amidopyrine solution KMnO,, 0.1 -~80 mM 30 uM 72
formaldehyde

amitriptyline pharmaceuticals Ru(bipy)s 1 -400 uM | 0.09-0.31 73

chlorpromazine

analgin solution Rhodamine 6G 04-10 0.15 74

analgin pharmaceuticals | Rhodamine 6G, Ce™ | 0.05 — 10 0.02 75

ascorbic acid (L-) tablets H,0,, luminol 0.02 —40 uM 8.6 nM 76

ascorbic acid (L-) pharmaceuticals KMnO, 0.5-1000 uM 77

ascorbic acid pharmaceuticals | luminol, periodate | 0.006 —40 0.8 ng/ml 78

ascorbic acid pharmaceuticals Juminol, 0.1-10 uM 60 nM 79

_glucose periodate 0.6-110 0.08




drug matrix reagents/ linear range | detection ST ref.
technique (mg/l) limit (b
(mg/D)
atropine pharmaceuticals luminol 0.01 -100 ! ng/ml 80
scopolamine micelar medium
aztreonam solutions “luminol 100 81
enicillin G hexacyanoferrate 60
beta-lactam pharmaceuticals luminol 02-200ng | 60 pg—4.5 82
antibiotics hexacyanoferrate ng
chloramphenicol pharmaceuticals uminol, Co™' up to 0.3 uM 3 nM 60 83
chlorpromazine solution H,0,, luminol | 0.01 - 10 mM 84
chlorotetracycline solution, urine H,0, 40 nM -4 uM 85
ciprofloxacine tablets, capsules Ce”* 1-20 0.27 86
clavulanic acid pharmaceuticals H,0, 0.1-150 0.05 87
sulbactam blood serum luminol 0.01 -12 0.01
codeine pharmaceuticals Ru(bipy), 50 uM 88
codeine solution Ru(bipy); 89
cysteine pharmaceuticals Ce™ 1 - 100 uM 1.4 uM 90
lutathione 2 - 100 uM 0.2 uM
cytarabine solution hypochlorite 10 - 100 ng/l 8 ng/l 91
dipyridamole pharmaceuticals KMnO, 0.2-80 58 ng/ml 11 92
dopamine pharmaceuticals lucigenin 10 —- 200 nM 2 nM 40 93
L-dopa tablets KMnO, 0.4 -80 62 pg/l 120 94
emetine solution Ru(bipy); 1-10 uM 0.1 nM 95
ergonovine pharmaceuticals | hexadecylpyridinium | 0.07 — 1000 ppb |  0.07 ppb 118 96
flufenamic acid pharmaceuticals Ru(bipy)s 0.07-6.0 3.6nM 97
mefenamic acid biological fluids 0.05-6.0 0.21 uM
fluoroquinolones pharmaceuticals Ce"’, sulphite 0.04 -30 0.016 98
folic acid tablets KMnQO, 0.110uM 24 nM 99
formaldehyde
furosemide pharmaceuticals | Ce",Rhodamine 6G | 1 _ 50 uM 0.22 uM 100
entamycin pharmaceuticals Co™" 0.01 — 80 5 ng/ml 101
hydrochlorothiazide | solution, tablets | Ce'’, rhodamine | 0.33 — 130 pM 7.5 pM 102
imipramine tablets KMnO, 40 ng/ml - | 12 ng/ml 103
isoniazid solution Mn”*, luminol 0.1-10 30 ng/m! 104
isoniazid pharmaceuticals Mn** 0.1-10 0.003 105
isoniazid pharmaceuticals hypobromite 0.02-1 7 ng/ml 60 106
isoniazid pharmaceuticals hypochlorite 10 oM ~ 1 uM 6 oM 107
mercaptoethane- pharmaceuticals Ce"’, quinine | 0.29-221ng 0.21 ng 108
sulfonate
methotrexate pharmaceuticals hypochlorite 20 — 400 pg/ 10 ug/l - 109
morphinan alcaloids | injections, tablets | H,0,, luminol 60 ng/ml 110
nitroprusside injections H,0, 02uM-0.1 mM 9 nM 40 111
ofloxacin tablets, injections | Ce”, sulphite 0.04-4.0 0.016 112
erphenazine pharmaceuticals KMnO, 50 - 350 ppm 110 113
persantin tablets hypobromite 0.01-2 4 pg/l 114
phenacetin pharmaceuticals Ce™" 0.004 -1 uM 1 nM 115
phenothiazines tablets ce® 0.5-90 0.01 129 116
plasma, urine rhodamine-B
phenothiazines pharmaceuticals 2-20 uM 110 117
rednisone solution, tablets Ce" 0.2-20 31 pg/l 118
promethazine solutions, tablets KMnO, 0.1 -6 uM 35 nM 119




drug matrix reagents/ linear range detection ST ref.
. technique (mg/l) limit (h
(mg/l)
pyridoxine tablets H,0,, oxalate 10 -250 120
quinine pharmaceuticals Co™* 0.1 —100 0.033 121
ranitidine pharmaceuticals Ru(bipy); 0.001 — 1 mM 0.6 uM 122
salbutamol 50 nM~ 0.1 mM 25 nM
r‘eserpine injections H,0,, KMnO, 1-80 0.3 123
reserpine pharmaceuticals KMnOq4 0.05-3.0 124
rescinnamine : phosphoric acid
yohimbine
riboflavine tablets, injections KMnQO, 0.7-10 62 ng/ml 125
riboflavin tablets, injections KMnQO, 0.1 -10 30 ng/ml 126
phosphoric acid
rutin extracts luminol 0.02-8 6.7 ng/ml 127
hexacyanoferrate
rutin pharmaceuticals hypochlorite 40 pg/l - 10 13 pg/l 128
ng/l
rutin extracts luminol, H,0,, Cr™ 0.02-10 7 ng/ml 129
salicylamide urine KMnO, up to 8 20 ng/ml 142 130
sulphite injections Rhodamine 6G 0.01-5 131
tetracyclines solution KMnO, 1 - 1000 0.4 132
tetracycline + solution hexacyanoferrate | 0.04 -2 ug 133
metabolites
thiamine solution, tablets Fe’" 20 uM 134
thioridazine pharmaceuticals KMnG, 1.2 uM 110 135
tiopronin pharmaceuticals Cce” 1 —400 uM 0.34 uM 136
trimipramine pharmaceuticals KMnOq 0.02 -0.22 137
vitamin By tablets KMnO, 0.1-80 58 ng/ml 138
vitamin B, pharmaceuticals H,0,, luminol 0.001 -10 0.35 ng/l 60 139
vitamin K, pharmaceuticals immobilised 0.5-10 2,6 ug/l 140
Rhodamine 6G
vitamin K, pharmaceuticals | Rhodamine 6G 0.05-50 0.01 141
dipyrone biological fluids Tween 80 0.05-10 0.003
vitamin K, injections bisulfite, Ce”" 0.01-10 2 ng/ml 142
vitamin Kj pharmaceuticals photoreactor 0.1 — 500 uM 2.03 nM 30 143

ST - sample throughput

arrays and combination of two or more serial or
paralle! detectors in a single FIA manifold) offers
possible solution of the selectivity problems that may
occur when analysing multicomponent formulations.

B) Pharmaceutical research and industry

'FIA with its capability of automated analytical
data collection represents a method of choice in drug
discovery activities (screening of potential drugs,
namely in vitro/in vivo monitoring of their biological
effects reflected in specific chemical changes of
examined systems in real time) in pharmacological
drug - testing (in addition to conventional
pharmacokinetic and drug-protein binding studies

also examination of responses of cells, tissues,
isolated organs and biological membranes to the
effect of drugs) and in pharmaceutical technology
(e.g., optimisation and monitoring of technological
processes in  drug  production  including
biotransformations in biotechnology).

C) Comments on tables

The above tables cover the period 1997-2000.
Because of a large number of methods using FIA in
pharmaceutical applications, they have been divided
according to the detection technique used. The Part I.
includes main optical detection methods that are
often applied in pharmaceutical assays. Table 1




describes spectrophotometric detection in UV and
VIS region. Table 2 shows FIA applications with
chemiluminescence mode that was widely used for
pharmaceutical analyses. The following Part I1. will
comment other optical and mostly electrochemical
detection techniques.

Acknowledgement

The authors acknowledge the financial support of

the Research projects

LN00B125 and MSM

111600001 of the Czech Ministry of Education.

References

(9]
[10]

[11]
[12]

[13]

Ruzicka J. and Hansen E.H., Flow Injection
Analysis. Wiley, New York (1988).

Karlicek R., Ceskoslov. Farm,. 31, 190 (1982).
Karlicek R., Solich P., Ceskoslov. Farm., 41, 62
(1992).

Karlicek R., Solich P., Polasek M., J Flow
Injection Anal., 11, 45 (1994).

Calatayud J.M., Vives S.S. and Roche F.S., Quim.
Anal., 9, 1 (1990).

Calatayud J.M. and Mateo J.V.G., Pharm. Technol.-
Internat., 4, 17 (1992).

Calatayud J.M. and Mateo J.V.G., Pharm. Technol.
Internat., 4, 30 (1992).

Calatayud J.M., Flow Injection Analysis of
Pharmaceuticals. Automation in the Laboratory.
Taylor & Francis, London (1996).

Pereira A.V., Aniceto C., Fatibello-Fitlho O.,
Analyst, 123, 1011 (1998).

Ruiz-Medina A., Fernandez-de-Cordova M.L.,
Molina-Diaz A., Mikrochim. Acta, 134, 101 (2000).
Benli P., Tuncel M., Pharmazie, 83, 203 (1998).
Lapa R.A.S., Lima J.L.F.C., Santos J.L.M., 4nal.
Chim. Acta, 407,225 (2000).

Catala-Icardo M., Gil-Torro 1., Lahuerta-Zamora L.,
Martinez-Calatayud J., Anal. Chim. Acta, 398, 311
(1999).

Ruiz-Medina A., Fernandez-de-Cordova M.L.,

Molina-Diaz A., Anal. Letr., 32, 729 (1999).

Pereira A.V., Fatibello-Filho O., Anal. Chim. Acta,
366, 55 (1998).

Fernandes J.C.B., de-Oliveira-Neto G., Kubota
L.T., Anal. Chim. Acta, 366,11 (1998).

Fan J., Ye C.L., Feng S.L., Zhang G., Wang J.J,,
Talanta, 50, 893 (1999).

Grudpan K., Kamfoo K., Jakmunee J., Talanta, 49,
1023 (1999).

Molina-Diaz A., Ruiz-Medina A., Fernandez-de-
Cordova M.L., Fresenius J. Anal. Chem. , 363, 92
{1999).

Evgenev M.1, Garmonov S.Y., Shakirova L.S,, J
Anal. Chem., 55, 696 (2000).

Gambart D., Cardenas S., Gallego M., Valcarcel
M., Anal. Chim. Acta, 366, 93 (1998).

Alonso A., Almendral M.]., Baez M.D., Porras
M.J., Lavin F.L., Garcia-de-Maris C., Anal. Chim.
Acta, 408, 129 (2000). ,

Dow A.D., Finlay G., Bloomfield M.S., J. Pharm.
Biomed. Anal., 19, 549 (1999).

Dunkerley S., Adams M.J., Lab. Autom. Inf
Manage, 33, 107 (1997).

Ayora-Canada M.J., Pascual-Reguera M.l
Molina-Diaz A., Capitan-Vallvey L.F., Talanta, 49,
691 (1999).

Al-Momani I.F., Awni 1., Khalil H.S., Esmadi F,,
Anal. Lett., 32, 2977 (1999).

Rodenas V., Garcia M.S., Sanchez-Pedreno C.,
Albero M.I., J Pharm. Biomed Anal, 15, 1687
(1997).

Perez-Ruiz T., Martinez-Lozano C., Sanz A,
Sanchez A., J. Pharm. Biomed. Anal., 21, 709
(1999).

Ghous T., Townshend A., 4Anal. Chim. Acta, 387,
47 (1999).

Catala-Icardo M., Lahuerta-Zamora L., Martinez-
Calatayud J., Analyst, 123, 1685 (1998).
Perez-Ruiz T., Martinez-Lozano C., Sanz A., San-
Miguel M.T., J. Pharm. Biomed Anal., 16, 249
(1997). ;

Garcia M.S., Albero M.I., Sanchez-Pedreno C.,
Molina J., J. Pharm. Biomed. Anal., 17,267 (1998).
Ortega-Barrales P., Ruiz-Medina A., Fernandez-
de-Cordova M.L., Molina-Diaz A., Anal. Sci., 15,
985 (1999).

Fatibello O., da-Cruz-Vieira 1., Analyst, 122, 345
(1997).

Berzas J.J., Lemus J.M., Buitrago P., Anal. Lett.,
30, 1109 (1997).

Solich P., Polydorou C.K., Koupparis M.A.,
Efstathiou C.E., J Pharm. Biomed Anal., 22, 781
(2000).

Fang Q., Sun Y.Q., Fang Z.L., Fresenius J. Anal.
Chem., 364, 347 (1999).

Vannecke  C.,  Nguyen-Minh-Nguyet A,
Bloomfield M.S., Staple A.J., Vander-Heyden Y.,
Massart D.L., J Pharm. Biomed Anal., 23,
291(2000).

Garcia M.S., Sanchez-Pedreno C., Albero M.IL,
Rodenas V., J. Pharm. Biomed Anal, 15, 453
(1997).

Lopez-Lavernia N., Garcia-Mateo J.V., Martinez-
Calatayud J., J. Flow Injection Anal., 16, 213
(1999).

Nemcova [, Rychlovsky P., Havelcova M,
Brabcova M., dnal. Chim. Acta, 401, 223 (1999).



[55]

[56]

[57]
(58]

[59]

[60]

[64]
(65]
[66]

[67]

- Ruiz-Medina - A.,

Martin E., Hernandez O., Arias I.J., Jimenez A.lL,
Microchem. J., 56, 207 (1997).

Sweileh J.A., Microchem. J., 65, 87 (2000).

Santos S.R.B., Araujo M.C.U., Honorato R.S.,
Zagatto E.A.G., Lima J.F.C, Lapa R.AS., J
Autom. Methods Manage. Chem., 22, 83 (2000).
Najib F.M., Rafiq A., J. Zankoy Sulaimani, 2, 40
(1999).

Najib F.M,, J. Zankoy Sulaimani, 2, 28 (1999).
Oliveira A.F., Nobrega J.A., Fatibello-Fitho O.,
Talanta, 49, 505 (1999).

Sahasrabuddhey B., Mishra S., Jain A., Verma
K.K., J. Autom. Methods Manage. Chem., 21, 11
(1999).

Perez-Ruiz T., Martinez-Lozano C., Tomas V.,
Martin J., Analyst, 124, 1517 (1999).

Ruiz-Medina A., Fernandez-de-Cordova M.L.,
Molina-Diaz A., Talanta, 50,277 (1999).

Fitsev .M., Garifzyanov A.R., J. Anal. Chem., 53,
195 (1998).

Sakai T., Liu X.Q., Maeda Y., Talanta, 49, 997
(1999).

Gao L.J., Zhang Z.Q., Liu Q.G., Fenxi Huaxue, 26,
170 (1998).

Ayora-Canada M.J., Pascual-Reguera M.l.,, Ruiz-
Medina A., Fernandez-de-Cordova M.L., Molina-
Diaz A., J. Pharm. Biomed. Anal., 22, 59 (2000).
Fernandez-de-Cordova M.L.,
Molina-Diaz A., J. Pharm. Biomed. Anal., 21, 983
(1999).

Ruiz-Medina A., Fernandez-de-Cordova M.L.,

Molina-Diaz A., Anal. Chim. Acta, 394, 149 (1999).

Bloomfield M.S., Analyst, 124, 1865 (1999).
Polasek M., Dolejsova J., Karlicek R., Pharmazie,
53, 168 (1998). :

Catala-Icardo M., Lahuerta-Zamora L., Martinez-
Calatayud I., Lab. Rob. Autom., 10, 33 (1998).
Lapa R.A.S., Lima J.L.F.C., Reis B.F., Santos
J.L.M.,, Zagatto E.A.G., Anal Chim. Acta, 366, 209
(1998).

Karpinska J., Puzanowska-Tarasiewicz H., Anal.
Lett., 30, 2365 (1997).

Monferrer-Pons L., Alvarez-Rodriguez L., Esteve-
Romero J., Garcia-Alvarez-Coque M.C., Anal.
Lett., 33, 539 (2000).

Carcia M.S., Sanchez-Pedreno C., Albero M.I,
Gimenez M.J., J Pharm. Biomed Anal., 21, 731
(1999).

Mullett WM., Lai EP.C., Microchem. J., 61, 143
(1999).

Costa-Neto C.O., Pereira A.V. Aniceto C.,
Fatibello-Fitho O., Talanta, 48, 659 (1999).
Aniceto .C., Pereira A.V. Costa-Neto C.O.,

Fatibello-Filho O., Lab. Rob. Autom., 11,45 (1999).

Lopez-Paz JL. Garcia-Mateo J.V., Martinez-

Calatayud J., J. Flow Injection Anal., 14, 15 (1997).

"~ Kojlo A., Wolyniec E., Puzanowska-Tarasiewicz

H., Anal. Lett., 30, 2733 (1997).

Teixeira L.S.G., Rocha F.R.P., Korn M., Reis B.F.,
Ferreira S.L.C., Costa A.C.S., Anal. Chim. Acta,
383, 309 (1999).

LiJ.G., LuJ.R., Fenxi Huaxue, 25,314 (1997).

He Y.H.,, Du J.X., Feng M.L., Lu I.R., Fenxi
Shiyanshi, 18, 60 (1999).

He Y.H, Du J.X, Feng M.L, Lu J.R., Fenxi
Shiyanshi, 18, 13 (1999).

Greenway G.M., Dolman S.J.L., Analyst, 124, 759
(1999).

Huang Y.M., Zhang C., Zhang X.R. Zhang Z.J,,
Fresenius J. Anal. Chem., 365, 381 (1999).

Huang Y.M., Zhang C., Zhang X.R., Zhang Z.J.,
Anal. Lett., 32,933 (1999).

Shen A.B., Xu B.R,, Ji M.J.,, Wu J.M,, Fenxi Kexue
Xuebao, 13, 347 (1997).

Agater L.B., Jewsbury R.A., Anal. Chim. Acta, 356,
289 (1997).

Wu Y.Y., Li L.Q., Geng Z., Liu Q.G., Fenxi
Shiyanshi, 18, 58 (1999).

Zhou Y .X., Nagaoka T., Li F., Zhu G.Y., Talanta,
48, 461 (1999).

Fujiwara T., Mohammadzai 1.U., Murayama K.,
Kumamaru T., Anal Chem., 72, 1715 (2000).
Kubo H., Saitoh M., Murase S., Inomato T,
Yoshimura Y., Nakazawa H., Anal. Chim. Acta,
389, 89 (1999).

Kubo H., Saitoh M., Anal. Sci., 15,919 (1999).
David V., Marin-Saez R.M., Garcia-Mateo J.V.,
Martinez-Calatayud J., Analyst, 125, 1313 (2000).
Wang L., Baeyens W.R.G., van-der-Weken G.,
Garcia-Campana M., Zhang X.R, Smet E.,
Luminescence, 15, 81 (2000).

Li Z., Wang Z.B., Fenxi Huaxue, 26, 556 {(1998).
Liang Y.D., LiJ.Z., Zhang Z.J., Fenxi Huaxue, 25,
1307 (1997).

Aly F.A., Alarfaj N.A., Alwarthan A.A., Anal
Chim. Acta, 414, 15 (2000).

L'Hostis E., Michel P.E., Fiaccabrino G.C., Strike
DJ., de-Rooij N.F., Koudelka-Hep M., Sens.
Actuators-B, 64, 156 (2000).

Greenway G.M., Nelstrop L.J., Port S.N., Anal.
Chim. Acta, 405, 43 (2000).

Li H.N,, Ci Y.X,, Fenxi Huaxue, 25, 679 (1997).
Chen X.N., Zhang C.X., Lu J.R., Fenxi Shiyanshi,
19, 62 (2000).

Yang M.L., Li L.Q., Feng M.L., Lu J.R., Zhang
Z.)., Fenxi Huaxue, 28, 161 (2000).

Zhang L.H., Teshima N., Hasebe T., Kurihara M.,
Kawashima T., Talania, 50, 677 (1999).

Yang M.L., Li L.Q., Feng M.L., Lu JR., Yaowu
Fenxi Zazhi, 18, 41 (1998).



[103]
[104]

[105]

——
=
<o

—

[108]

[109]

—
_—
_— 0
—

[112]
[113]
[114]
[115]
[116]

[117]

Tsukagoshi K., Miyamoto K., Saiko E., Nakajima
R., Hara T., Fujinaga K., Anal Sci, 13, 639
(1997).

Fuster-Mestre Y., Fernandez-Band B., Lahuerta-
Zamora L., Martinez-Calatayud J., dnalyst, 124,
413 (1999).

Aly F.A., Al-Tamini S.A., Alwarthan A.A., Anal.
Chim. Acta, 416, 87 (2000).

Rao Y., Tong Y., Zhang X.R., Luo G.A,, Baeyens
W.R.G., Anal. Lett., 33, 1117 (2000).

Sun C.Y., Zhao H.C., Ou Y )., Fenxi Shiyanshi, 19,
60 (2000).

Rao Y., Zhang X.R., Luo G.O., Baeyens W.R.G,,
Anal. Chim. Acta, 396, 273 (1999).

Li B.X., Zhang Z.J., Wu M.L., 4nal Lett., 33,
1577 (2000).

Ouyang J., Baeyens W.R.G., Delanghe J., Van-der-
Weken G., De-Keukeleire D., Calokerinos A.C.,
Biomed. Chromatogr., 12, 162 (1998).

Xue Y.Y., He Y.H., Lu I.R., Fenxi Shiyanshi , 18,
49 (1999).

Zhao F., Wu Y.Y.,, Geng Z.,, Wang H.X., Fenxi
Huaxue, 25, 927 (1997).

Li B.X., Zhang Z.J., Zheng X.W., Xu C.L,
Microchem. J., 63, 374 (1999).

Zheng X., Zhang Z., Analyst, 124, 763 (1999).
Huang J.C., Zhang C.X., Zhang Z.J., Fresenius .J.
Anal. Chem., 363, 126 (1999).
Capitan-Vallvey L.F.,, Valencia-Miron
Acosta-Acosta R., Talanta, 51, 1155 (2000).

M.C,

Chen X.N., Zhang C.X., Lu J.R., Fenxi Ceshi

Xuebao, 19, 47 (2000). o

LiJ.G., Lu J.R., Fenxi Shiyanshi, 16, 41 (1997).
Wang Z.L., Li J.Z., Li B.X,, Wang L.F., Zhang
1.G., Yaowu Fenxi Zazhi, 17,75 (1997).

Rao Y., Tong Y., Zhang X.R., Luo G.A., Baeyens
W.R.G., Anal. Chim. Acta, 416, 227 (2000).

Sultan S.M., Abdennabi A.M.S., Almuaibed A.M,,
Talanta, 49, 1051 (1999).

Zheng X.W., Zhang Z.J., Fenxi Huaxue, 27, 145
(1999).

Wu Y.Y., Zhang S.C., Zhao R., Li H., Fenxi
Huaxue, 28, 318 (2000).

Aly F.A., Alarfaj N.A.,, Alwarthan A.A., Anal
Chim. Acta, 358, 255 (1998).

Perez-Ruiz T., Martinez-Lozano C., Sanz A,
Miguel M.T.S., Lab. Autom. Inf. Manage., 34, 149
(1999).

Liang Y.D., Li J.Z., Zhang Z.]., Zhang X.Q.,
Yaowu Fenxi Zazhi, 18, 168 (1998).

Xue Y.Y., He Y.H.,, Feng M.L., Lu J.R., Fenxi
Huaxue, 27, 427 (1999).

Alwarthan A.A., Aly F.A., Talanta, 45,
(1998).

Li B.X., Zhang Z.J., Wu M.L,, Talanta, 51, 515
(2000).

1131

[122]
[123]
[124]
[125]
[126]
[127]
[128]
[129]
[130]
[131]
[132]

[133]

[134]
[135]

[136]

[137]

[138]
[139]
[140]
[141]
[142]

[143]

Barnett N.W., Hindson B.J., Lewis S.W., Anal
Chim. Acta, 384, 151 (1999).

Li L.Q., Yang M.L., Feng M.L., Lu J.R., Fenxi
Huaxue, 26, 307 (1998).

Pinotsis N., Calokerinos A.C., Baeyens
Analyst, 125, 1307 (2000).

Li L.Q,, Yang M.L., Feng M.L., Lu JR., Fenxi
Shiyanshi, 16, 33 (1997).

Li L.Q., Zhou Y.M., Tao X.J.,, Feng M.L., Lu J.R,,
Fenxi Huaxue, 27, 1333 (1999).

He C.X., Cui H., Zhao X.Y., Zhao H.Z., Zhao
G.W., Anal. Lett., 32,2751 (1999).

Nie F., Li L.Q., Feng M.L., Lu IR, Fenxi
Shiyanshi, 18, 54 (1999).

He C.X.,, Cui H., Zhao X.Y., Zhao H.Z., Zhao
G.W., Fenxi Shiyanshi, 18, 9 (1999).

Fuster-Mestre Y., Lahuerta-Zamora L., Martinez-
Calatayud J., Anal. Chim. Acta, 394, 159 (1999).
Huang Y.M., Zhang C., Zhang X.R., Zhang Z.]J.,
Anal. Lert., 32, 1211 (1999).

Li Z., Feng M., Lu J., Gong Z., liang H., Anal
Lett., 30, 797 (1997).

Pena A., Palilis L.P., Lino C.M., Silveira M.I,,
Calokerinos A.C., Anal. Chim. Acta, 405, 51
(2000). '

Ishii M., Kawashima M., J. Flow Injection Anal.,
15, 25 (1998).

Kojlo A., Michalowski J., Wolyniec E., J. Pharm.
Biomed. Anal., 22, 85 (2000).

Zhao Y.N., Baeyens W.R.G., Zhang XR,
Calokerinos A.C., Nakashima K., Van-Der-Weken
G., Analyst, 122, 103 (1997).

Wang L., Baeyens W.R.G., van-der-Weken G.,
Garcia-Campana A.M., Zhang X.R., Smet E.,
Luminescence, 15, 128 (2000).

Li L.Q., Yang M.L., Feng M.L., Lu J.R,, Fenxi
Shiyanshi, 17, 5 (1998).

Qin W., Zhang Z.J., Liu H.., Anal. Chim. Acta,
357, 127 (1997).

Huang Y.M., Chen Z.Q., Zhang Z.J., Anal. Sci., 15,
1227 (1999).

Huang Y.M., Zhang C., Zhang X.R., Zhang Z.J., J.
Pharm. Biomed. Anal., 21, 817 (1999).

Huang Y.M., Chen Z.Q., Zhang Z.J., Anal. Lett.,
32,2789 (1999).

Perez-Rutz T., Martinez-Lozano C., Tomas V.,
Martin J., Analyst, 124, 197 (1999).

(Received April 20, 2001 )

W,

#oo

P. Solich





