REFERENCES

Manz, A., Harrison, D. J. Verpoorte, E. M. J., Fettinger, J. c., Paulus, A,
Ludi, H., and Widmer, H. M. "Planar chi Pstechnolo gy for
m|n|atunzat|ori and |Pte rathon of separa hon echni des Into monltonn%
stems : C [3) argeec opnoresis on achip” Journal of Chromatograpny

Huikko, K. Kog tiainen, R,, and Kotiaho, T. "Introductjon to mlcro -analytical
sysfems bloanalytlcal and gharmaceutlcal a%llcatlons European
Journal ofPharmaceutlcaI ciences (2003 1

Chovan, T., and Guttman Microfabricaed dewces n blotechnolo%y and
biochemical processin Trends In Biotechnology (2002). 20, 116-122

Szumskl, M., and Buszewski, B. "State of the Art |nM|n|a unze Separation
Techniques” Critical Rewews in AnaI ical Chemist $2002 32 146

Suzuki, H. "Mi rofabnca tion of chemical sensors and biosensors for
nvironmental monitoring” Materials Science and Engineering: ¢
000). 72, 55-61

SeenIand K, BOﬁetteédF% L ead and cancegln humans; where are we now?"

WHO. Lead Envnonmental ethCntena(1995T 165, Geneva

Pitot, C_H,Dragan, .Y. Chemical carcinogenesis. Toxicology International
Edition (ed., F. Ed)(1996l) McGraw Hill, New York

HuItber% B., Andersson, A" and saksson A "The effects of homocysteine
na coi)per ions on the concentration and redox sta us ofthiols in cell

line cultyres’ Cllnlca Chimica Acta (19972 262, 3951

Cerpa, VareIa NaI ar, L., Reyes, A E, Minniti, A N, and Inestrosa, N. c.
"ls there a role for co er in neurodegenerative diseases?” Molecular
4Azs(g)ects of Medicine Trace Elements-and Human Health (2005). 26, 405-

Suarez-Luque, ., Mato, 1., Huidobro, J. F., and Simal-Lozano, J. "Rapi P
capillary zone electrophoresn method for he determ|nat|on of metal
ca lonsIn beveraﬁ]es Tal an 2006%(
"Fa nca |ono

Bao, N., Znan
noly dg methylsdoxane? mlcroﬂwdlc system based on masters directl
annted2 yvnh a5n office faser printer" Journal of Chromatography A (2005).

Pumeraa M., Wan aJ Loweb, H., and Hardth PoI){(me hylmethacrylate)
|croch|p ectﬁ)fho[esn DeVICEWIhT ick h An erdmetnc
Detector; Towar Fully Disposable Lab onac |p ' Journal ofthe
Association or Laboratory Automation (2
Lenigk, R., LI, R thavae Chen Z, anser D YangJ  Rauch, c.,
Liu, Y., Chan, B, YU, H, Ray, M., Marrero, R., and Gradzinsk,
|d|zagon devi

PIastlc blochannel hu cs 3 ew concept or mm%ﬂmdm
!Y rr%| naytl al Blochemist 5
Castano- Avar Fernan ez-Abedul, M. an Costa Gan:la A
nc etector 6| ns or capillary elec r%)horesn microchips"
Jour romato rag 3/ hnt rnatlona posium on
Mn:roScae Bloseparation 006 1109, 291- 299



101

Chuang, Y.-J., Tseng, F.-G., Cheng, J.-H., and Lin, W.-K. "A novel
fabrication method of embedded micro-channels b usmq
Photoreusts Sensors and Act uatorsA PhP/smaI (2003). 103, 6469

Lion, n!, Reymond, F, Glrault H. H., and Rossier, J yt e Move to
nzuézrofluldlcs for protem analysis?" Current Opinion in Biotechnology

Becker, H,, and Locascio, L. E. "Polymer microfluidic devices" Talanta
J(2(502) 56, 26/-281

Hayes, J. D., and Malk. A, "Sol-Gel Monalithic Columns with Reversed
EIectroosmotlcFow for Capillary Electrochromatography" Anal. Chem.

Geschk e O ?—I K1ank al . Telleman. Microsystem Engineering of Lab-on-
a-Chip Devices (Sons, J. ., Ed,)(2004)
Harrison, D. J., Manz, A., Fan,Z,Luedl, . and Widmer, H. M. "Cap |IIarIy
eIectro horesis ano samgle |nJec lon sgstems mtegrated on a planarglass
nal. Chem. (199). 6
Huang Coleman  F.and Zare, R N "Analysis of factors causing peak
roa ening in ca |Ifa8/ 20ne eIectrophoresn Journal of Chromatography

Doble, p. gnd )laddad P. R. “Indirect photometric detection of anions in
%I llary electrophoresis™ Jourrial of Chromatography A (1999). 834, 189-

Bello, M. . “Electrolytic modification ofa buffer dunng a capillary
eIectrophoreus run” Journal of Chromatog raEyA8 th International
inposmm on High Performance Capillary Electrophoresis Part | (199).

Shihabi, Z. K ‘Stacking in ca8|llary Zong electrophoresis” Journal of
ChromatographyA (2000)."902, 107-117
Braun, Ro%kln {r?dajcolr%n o' Instrumental Analysis.(T987). McGraw-Hill
Skoog, D. A, 'H., E_J. and Nieman. T. A Princinles of Instrumental
né us& 98), Harcourt Brace CoIIe9 Publishers, New York
Christian nalytical Chemyistrv(T986L. John Wiley & Sons, New York
E/?glns Biosensors: An Introduction(T996). John Wiley & Sons, New York
nk, . Fundamentals of Electroanalytical Chemistrvt2001 . John Wiley &

Skoog, D. A. .., D. M. and Holler, F. Fundamentals of Analytical
Chemisinvt|996). Saunders Colle ePubllshln? New ork USA,

Wang, J. Analytical Electrichemistrv 19641, John Witey & Sons, New York

Sawyer, D. T. Experimental EIectrochemlsryfor Chemists(1974). John Wiley8

Thurman E M. I|d Phase Extr |ond 9981, John W|Ie & Sons, Canada
Wang, J., Chatrathi, and |ns . E. "Simultanedus microchip
eAnCzamatlc easurements of blood lactate and glucose” Analytica Chimica
Wang,J,Chen G, Muck A Chatrathl M. p., Mulchandani, A, and Chen,
Microc lnnenzymatlg assay of or ano%gspha e nerve agent"

thlck film

Analyuca Chimica Acta (2004). 505
Pumera, M. “Microch 1p based el Sro romatograenhy designs and
applications” Talanta (2005). b6, 1048-10



102

Wang, H. Y., Foote, R. ., Jacobson, . c., Schneibel, J. H., and. Ramse){ LM
“Low temperature bonding for microfabrication of chemical analysis
devices" Sensors and Actulators B: Chemical (1997), 45, 199-20

Goldbach, M., Axthelm, H., and Keusggn, M. "LTCC-based microchips for
the electrochemical detection f%henollc compounds" Sensors and
Actuators Chemlcal 2000), 1

Keynton, R. Rousse rain, M, l\/f Jackson, D. J., Franco, D. B,
Naber, J. F., Walsh, K M., and Baldwin, R. . "Design and development
of mlcrofabnca e caglllary electrophoresis devices Wlth electrochemical
266%C lon” naytlca himica Acta Microfluigics and Lah - On - a - Chip

Wang, J.' EIectrochemlcaI detec tion for microscale analytical systems: a
review" Talanta (2002). 56, 223-23]
Fu, C-G., and Fang, Z-L. "Combination of flow |nject|0n with capillary
eIectro hore5|s Part 7, Mlcrochlpca Illary elect rophore3| gstem with
Injection sam em ro uctlona d amiperometric detection” Analytica
|m|ca Acta 20 0). 4
Wang, J., Chatrathi nd T|an B Ca pillary electrophoresis microchips
with thlck film am erometnc Clet ectors Separation and detecnon of
, henalic compoun s ' Analytica Chimica Acta (2000). 416, 9-14
Jiang, G,, Attiya, ., Qcvirk, G, Lee, . E. and Hamson, D. J, " Red dlode
laser 1nduced quorescence detection with a confocal microscope on a
mlézrochlp for caén lary electrophoresis” Blosensors and Bioelectronics

2
Liu, B. IQ Hlsamoo H, and Terabe, . "Subsecond separation of cellular
flavin coenzymesb microchip capillary electrophoresis with laser-
|1nodzulce§|0f1 uzoor%scen e detection” Journal of Chromatography A (2003).
Descroix, ., Le Potier, I, Niquet, ¢., Mine, N,, Viovy, J.-L., and Taverna, M.
"In-capillary non-covalent Iabehn? of insulin and one gastrointestinal
Peptlde for their analyses by capilfary electropnoresis with laser-induced
Iuorescence detection” Journal of Chromato ra[ihg A 25t h In ernational
Symposium on Chroma o raphy. Part | (200
Wicks, D A ard Li, p aratlon of fluorescent denvatlves of
C¥1 contamm%? a mo ecul sonam|cro luidjc chip” Analytica
Imica Acta Microfluicics and La |g 2004). 507, 107-114
Blasco, A, J., and Escarpa, A 005n) |nAnaIy5|s and Detecion by C Capillary
%ec [0 hglrseeS\I/?e(rML aring, A R M.V, ed), Vqu e 45Ed., pp.
. Lin, J-M, R, Qu F, and Cai, Z "An end-channel amBerometnc
damector for microchip capillary electrophoresis™ Talanta (2004). 64, 336-

Lee, H.-L., and Chen, S.-C. Mlcrochlpcaplllaryelec rophoresn with
am erometnc detection for sevea ca hg/ drates” Taa aSouh nand

astern Afn% a Net Work fo Ana |ca C FZ(H o4, 210 16
Joseph L a| Chen, c.-h "In-C anne Ua eectroe ,
am ero etnc detactmn |n elec roph%retlc 83 with a pa ladium film
oup er" ouma Chromato apny A (2004). 1023, 143- 150
Chen, 0n|tonng nvnonmenta ol |utants

mlcroc 6nca8|lla63§electrophoresn with electrochemical detectlg Talanta



103

Slangproh , Chailapakul, O, Laocharoensuk, R., and Wang, J I\/Ilcrochlp
% a[}/ eIectrophBr?ds(1 H ectrochemical de%ec lon of E/ razjne
Ta a|?]oan 8 a5ta cobalt 30 alocyanine modified electrochemical detector'
and Kim Y -S. "Development of a microfabricated

im, J.
d|sposabqe microchip with a capillary electrophoresis and integrated three-
electrode e:Iﬁc?trochemlcaI detection™ Biosensors and Bioelectronics (2005).

Kim, J-H., Kanﬁ c. J, Jeon, D, and Kim, Y -S. "A disposable capillary
electrophoresis microchip with an indium tin oxige
decoupler/amperometric detector” Microelectronic Engineering
Proced g fthe 30th nternatlonal Conference on Micro- and Nano-

nglneen 2008

Lee, H-L., and Chén, S Mlcrochlp capdlaryelectrophoresn Wlth

electrochemical detector for precolumn enzymatic analysis of glucose

%Zea%]dna uric acid and ascorbic acid in urine and serum'™ Talanta (2004)

!

Bao, N., XU, J-J, Doy, Y.-H., Ca| Y., Chen, H-Y., and Xia, X-H.
"Electrochemical detector for mlcrochn% electrophoresis of
%%%wt]gtrg%oxane& Wltha nree-dli enS|onaI adjustor” Journal of

Dill, K., Montgorie GhlndI|IS AL and Schwarzkopf, K. R.
"Immunoassays and seguence specific DNA detection on a microchip
using enzyme amplified electrochemical detection™ Journal of
Biog emlcal and |ophy3|ca| Met hods (2004), 59, 181-187

Garcia, ¢. D ?’ Enhanced determination ofgucose v
nH;rrT% a|p (e:tg? %%horeds with pulsed amperometric detection” Analytica
Tian_B ahI|n E= Mlcromachlned Electrophoresis Chips with

%‘%k -Film EIectrochemlcaI Detectors™ Anal. Chem. (1999). 71, 5436-

Lu, Cassady R. M., and Baranski, A.. . "End-column electrochemlcal
" detectio for jnorganic and rganic species in hlqh V0 taG%e cag Il
. electrophoresis” Journal of Chromat graph 8
Hilmi, A, and'Luong, J. H. T. "Electrochemical Détectors Prepared by
ELectroIess eposition for Microfabricated Electrophoresis Chips" Anl.
Chem. (2000). 72, 4077-46828

Deng, G., and Collins, G E' Nonaqueous based mlcrochlpsepara jon of toxic
metaI jons using 2-(5-bromo-2-pyridylazo)-5-(N-propyl-N
Su fognropylamlno)p enoI "Journal 0 ChromatographyA(2003) 989,

Collins, G E., and Lu Mlcrofabncatedc illa electro hore5|s Sensor
forura |u a |ca hlmlca ct 181-189

Prest, J. E., Ba doc Fielden, P. R., Godd ar J an Treves Brown,
B.J. |v||n|a unsed 50 achoPhoretl%an%\)/%so morganlcasenlc
speda lon usm%apanar mer chip Wi nedra d conductivi
detect |Qn Journal of Chromatography A L3th International Sympdsium
on Capillary Elect rosepara lon (2003). 990, 325-334



(66)

(67)

(69)

(69)

(10)

104

Komy, Z R, "Det ermma jon ofaC|d|c sites and binding toxic metal ions on
cumin surface us gnom eal competitive adsorgtlon model" Journal of
Colloid and InterfaCe Science (20 4% 210, 281-287

Abbaspour, A, Mehrgardi, M. A, Noori, A, Kamyabi, M, A, Khalafl
ezhad A., and Soltani Rad, M. N. Seuatlon oflronSII won&llaqand
full rang IpH monitoring using pagtod A'simple colorimetric method as
ana mp i) e alternative for optodes™ Sensors and Actuators B;

ICa 6peC|aI Issue - In honour of Professor Karl Cammann (2006).

Yun,J,and Ch0| H. "Micellar colorimetric determination of iron, cobal,
Bbczke ['and copper using 1-nitroso-2-naphthol” Talanta (2000). 52, 893-

Cornard J -P., Caudron, A., and Merlin, J-C, " V-visible and synchronous

LOrescence snectroscopic Investiations of the complexation of Al(lII
WI ca glc acqg I;ln aqueous low agc%lc medltum PoFyﬁ aron 820063 2)5

Tounsi, N Dupont L., Mohamadou, A, Apllncour t, M., Plantier-Royon, R,
I\/Iassmot,F,Harakat,D,an Porte 3, C. " Thermodynamic and
spectrosco IC studlies of o comPIexes with three blsgamldeg

chmi S derived 3fromltart caC| * Journal of Inorganic Biochemistry

Torregglanl Tamba M., Trinchero, A., and Bonora, Copper(ll& ,

Quercefin complexes in agueous solutions: Mjectroscoplc and kinetic
%ro erties” Journal of Molecular Structure ULAR

P CTROSC(Y)GP(;( AND MOLECULAR STRUCTURE2004 (2005).

Panichev, N Mand|wana K., Kataeva, M., and Siebert, .. "Determination of
Cr(V1) in plants by electrothermal atomic absorption spectrome ry after
Ieachlng with sodium carbonate” Spectrochimica Acta Part B; Atomic
Sgec roscopy 8th Rio Symposium on Atomic Spectrometry (2005). 60,

FaIandysz,J,Jedrusmk A, Lipka, K., Kannan, K, Kawano, M., Gucia, M,
Brzostowski, A., and ad?J M. "Mercury in wild mushrooms and
underl mg soil substrate from Koszalin, North-central Poland”
Chemasphiere (2004). 54, 461-4068

de Castro Maciel, ¢. J., Miranda, G_M., de Ollvelra D P., de Siqueira, M. E.
Silveira, J. N., Leite, E. M. A, and da Silva, 3. B, B." Defermlnatlon
of cadmium In human urine by, eIec rothermal atomic absor[;t
spectrometry Analytica Chimica Acta (012003) 491, 231-23
Aguilar, M. V,, Mafeos, ¢. J., and Martinez Para, M.c. "Det ermlnatlon of
chromiym In cerebros naI fluid us ﬁg electri)thermal tomisation a gmlc
a s?rptlon 08ectrome ourna of Trace Elements in Medicine an

Zeng, g Cui, H F Zhu, Y., and Fritz, J. . "Single-column
d}hod of lon chromato rapha/ for the determination %f common catlons
and some transition met Journal o Chromatozt%)rag nnua
International lon Chromatograpny Symposium (200 111



105

Shaw, M. J,, and Haddad, P, R. "The determination of trace metal pollutants in
environmental matrices usmgg lon chromatography" Environment
International (2004). 30, 403-431 _ o

Sarzanini, ¢., and Bruzzoniti, M. c. "Metal species determination by ion
%%omatography" TrAC Trenas m Analytical Chemistry (2001). 20, 304-

Turkmen, M., and Ciminli, ¢. "Determination of metals in fish and mussel
species by inductively coupled plasma-atomic emission spectrometry”
~ Food Chémistry In Press, Corrected Proof ,
loannidou, M. D, Zachariadis, G. A,, Anthemidis, A N., and Stratis, J. A,
"Direct determination of toxic trace metals in honeP/ and sugl'qlrs usin
|%duct|vely coupled plasma atomic emission spectrometry™ Talanta {2005)
Sahan, Y., Basoglu, F., and Gucer,_ . "ICP-MS Analysis of a Series of Metals
g\lamel "My, Cr, Co_ NI, Fe, Cu, Zn,, Cef, and Pb) n Black and Green
I\/Ilz% scarrig? es from Bursa, Turkey” Food Chemistry In Press, Accepted
Goulle, J.-P., Mahieu, L., Castermant. J., Neveu, N., Bonneau, L., Laine, G.
Bouige, D., and Lacrorx. ¢. "Metal and metalloig multi-elementary ICP-
MS validation in whole blood Blasma, urine and hair; Referen(ée values"
Forgrésw Science International 2004 Joint Meeting of SOFT and TIAFT

Curdova, E., Vavruskova, L., Suchanek, M., Baldrian, p., and Gabriel, J

"ICP-MS de;prmlnatlon of ey metals in submerged cultures of wood-
.. Totting fungi” Ta am?\/l(2004'6 483-481_ .

Simionato, A, V. ¢, Cantu, M. D, and Carrilho, E. "Characterization of
metal-deferoxamine complexes by continuous variation method: A new
%pi)roach usmg caP|IIa z0ne electrophoresis” Microchemical Journal

elected Papers Presented at the. 13th National Analytical Chemistry
Mggténg agz 5hle4 123t1 SI)bero-Amerlcan Analytical Chemistry Congress

Naujalis; E., and Padarauskas, A. "Development of capillary electrophoresis
for the determination of metal fons using mixed partial and complete
%%r%]q%atlon techniques" Journal of Chiromatography A (2002). 977,

Chen, z., and Naidu, R. "On-column complexation of metal ions using 2,6-
pgrlﬂlnedlfarbox lic acid arw 3e aration é)fthe_lr anionic complexes by
capillary electrophoresis with direct u v detection” Journal o

. Chrom tograph)éA (2002). 966, 245-251 ,

Harris, J. E., Desal, N., Seaver, K E., Wa_son, RT, Kane-Magmre, N. A ép _

and Wheeler, J. F. "Chiral seEaratlons of transition metal complexes usin

capillary zone electrophoresis™ Journal of Chromatography A (2001). 919,
ey p graphy A (2001)

AOAC Peer Verified methoo‘s Pro%ram Manual on polices and
procequres! 19931 Arlington. VA



APPENDIX



107

5.8 Limits of Detection and Determination

Important characteristics of a method are the limits ofdetection and
determination. The Ilimit of detection is the smallest concentration
giving a significant response of the instrument that can be distin-
guished as being present to above the blank or background response.
The limit of determination is the smallest amount of measurand that
can be measured with a stated precision.

If a blank material, that is, the matrix of the test material without
the analyte, can be analyzed a number oftimes, the lim it of detection
is often defined as three times the standard deviation of this blank
determination. The limit of detection of the instrumental response is
therefore >Ba 3.Sq, where the subscript B refers to a blank determi-
nation. The corresponding concentration is then calculated from the
calibration equation (equation 5.4), if it may be assumed that the

equation is valid down to that concentration:

- ox+d o« e

ZZ LA (5.27)

It may be not possible to make a measurement in the absence of the
analyte. this case is reasonable to substitute the intercept of the
calibration equation for the blank response (after all, it if supposed to

be the response when the concentration is zero) and the standard error

of the regression, ,7V for the standard deviation of the blank. IIl

equation 5.27, therefore, y& —a and 5B= 57.;,, which gives

XDL = ~ ~ (5.28)

Equation 5.28 has the advantage that it is calculated entirely from
the calibration equation. A more statistically defensible equation from

calibration data has been published by ISO (ISO 11843-2:2000, ISO.
Geneva):

VkiTh 29

Here, a calibration is performed with / independent calibration
m aterials (including a blank if possible and a calibrator having a
value near the expected detection lim it) each measured J times. K is
the number of replicate measurements that will be done on each
test solution to give an average response. (If you are willing to
do more repeats you are more likely to pick up the presence of the
analyte at small concentrations.) Note that as the ["-statistic lim its
to the value 1.64 for large , this equation multiplies &//X/B

3.3 (for AT=1), and so gives somewhat greater detection limits than

by at least

equation 5.28.



Precision and Reproducibility
Table A1 Analyte concentration versus precision within or between days (88)

Analyte %
100

10

1

01

0.01

0.001
0.0001
0.00001
0.000001
0.0000001

Analyte ratio
1
101
10-2
10-3
10-4
10-5
10-6
10-7
10-8
109

Accuracy and recovery
Table A2 Analyte recovery at different concentrations (83)

Active Ingred. [%] Analyte ratio

100
>=10
>=]
>-
0.01
0.001
0.0001
0.00001
0.000001
0.0000001

1

1

101
10-2
-]
10-4
10-5
10-6
10-7
10-8
109

Unit
100%
10%

1%
0.1%
100 ppm
10 ppm
Lppm
100 ppb
10 ppb

1pph

Unit

100%
10%
1%
1%
100 ppm
10 ppm
1ppm
100 ppb
10 ppb

1pph
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RSD (%)
13
28
27
37
53
73
1
15
2
30

Mean
recovery [%]

98-102
98-102
97-103
0 A*
90-107
80-110
80-110
80-110
60-115
40-120
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