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Elemental spec ia tion studies in capillary electrophoresis
———New trends for trace elements analysis
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(College of Chem istry and Chem ical Engineering, Xinyang Normal University, Xinyang 464000, China)

Abstract: Speciation of elements could p rovide valuable information for chem istry, environment, medicine and life

science. A s a new separation technique, cap illary electrophoresis offers a number of important attributes including: high

separation efficiency, short analysis time, and low samp le consump tion. The development in the elemental speciation

analysis by cap illary electrophoresis is reviewed with 56 references. Various CE separation modes ( e. g. , cap illary

zone electrophoresis, m icellar electrokinetic cap illary chromatography, cap illary isoelectric focusing, cap illary electro2
chromatography) and detection techniques ( e. g. , UV - V is, fluorescence, electrochem istry, inductively coup led

p lasma - mass spectrometry) app lied are discussed. Further, some issues concerning the lim itations and the future of

CE with regard to speciation studies are also discussed.
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0　 In troduction
Environmental pollutants are a significant hazard to human

health; among them trace elements have beneficial and harmful

effects depending on their quantities and chem ical species in

living organism s. In addition to the common elements ( sodium,

calcium, magnesium, etc. ) , a number of trace elements ( sele2
nium, zinc, molybdenum, manganese, etc. ) are considered es2
sential with specific biological functions at relatively low levels.

However, when p resent in excess, these elements can be harm2
ful. The elements p resent in biological and environmental mate2
rials are distributed among various chem ical form s which in2
clude inorganic salts, organic and bio2metallic or bio2metalloid

compounds. Determ ination of total elemental concentration is of

lim ited value, as this information cannot be directly related to

the chem ical, biological and toxicological activity of a particular

element. Oxidation state and /or chem ical form of trace elements

determ ine their toxicological effects or nutritional benefits. Ana2
lytical elemental speciation has been defined as the separation,

identification and quantification of the different chem ical form s

or species of a particular element in a given samp le. Information

on elemental speciation in environmental and clinical material

is vital in studies on possible mechanism s of element transport

and /or degradation in the environment, element bioavailability

and on possible metabolic pathways within living organism s.

The growing interest in elemental speciation is reflected in the

number of recent publications in the literature, and it can be

easily justified by a strong demand for analytical tools adequate

for determ ination of elemental speciation in various fields, in2
cluding environmental and life sciences. In the development of

any analytical p rocedure for elemental speciation, it is necessa2
ry to consider: ( a) the species / form to be detected; ( b) the

need to p reserve the natural composition and distribution of

species in the samp le during the p rocedure; and finally; ( c) the

selectivity and detection capability of the analytical technique

for quantification.

Since usually more than one elemental species exists in a

samp le, a separation step is necessary. A variety of separation

techniques have been used. Of these techniques, gas chromatog2
raphy ( GC) and liquid chromatography (LC) are most com2
monly used, as indicated by the numerous reviews and p roce2
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dures published[ 1, 2 ]. Cap illary electrophoresis (CE) is a com2
paratively new separation technique. App licability of using CE

as an alternative way for speciation analysis has been exp lored

in recent years[ 3 ]. Among the separation techniques p reviously

mentioned, CE offers a number of important attributes inclu2
ding: high separation efficiency, short analysis time, low samp le

consump tion and low operating cost. CE become now a well -

established analytical method and is used as an alternative or

comp lementary technique to HPLC. Since separation in CE is

mainly governed by difference in charge2to2size of analytes, this

technique is extremely powerful in chem ical speciation purpo2
ses[ 4 ].

In 1998, Dabek2Zlotorzynska et al[ 5 ]. comp rehensively re2
viewed the state2of2the2art of CE for metal speciation analysis.

Later on, several excellent reviews of elemental speciation anal2
ysis in CE have been p resented in the literature [ 4, 6 - 10 ]. This

review p resents the developments of elemental speciation analy2
sis in CE. Various separation modes and detection methods are

discussed. The p rincipal lim itations and further outlook are also

described.

1　Separa tion in cap illary electropho2
resis

CE is an instrumental app roach to electrophoresis in which

samp le components p laced between two buffer solutions are

separated in an open2tubular cap illary with an inside diameter

ranging from 2 to 200μm and a length usually between 10 and

100 cm. The separation is based on the electrophoretic mobility

of the analyte species induced by the large potential ( 10～30

kV) app lied across the cap illary. This m igration takes p lace

under the combined effects of electrophoretic and electroosmot2
ic flows ( EOF) generated by app lying an electric field across

the cap illary. The successful app roach for speciation analysis

depends on two factors: selectivity ( to be sure of determ ining

the p roper species) and sensitivity ( to match the analyte’s level

in the samp le ). This section briefly reviews the separation

modes app lied in elemental speciation analysis to date.

CE separations can be accomp lished with various modes,

including the popularly emp loyed cap illary zone electrophoresis

( CZE ) , m icellar electrokinetic cap illary chromatography

(MEKC) , cap illary isoelectric focusing (C IEF) , cap illary elec2
trochromatography (CEC) etc.

CZE2based separation is the most widely used operation

mode in speciation analysis. CZE can be divided into two sub2
directories: ( i) counter2electroosmotic flow CZE; ( ii) co -

electroosmotic flow CZE. Recently, a comp rehensive investiga2
tion on separation of organic and inorganic arsenic species by

cap illary electrophoresis using direct spectrophotometric detec2

tion was demonstrated by Sun et al[ 11 ]. In that article, both

counter - and co - electroosmotic flow CZE were utilized. A

separation of nine arsenic species was performed by the counter

- EOF mode. For the co - EOF mode, poly ( diallydimethylam2
monium chloride) ( PDDAC) was used for dynam ic coating of

the cap illary and to p rovide a stable and rep roducible reversed

EOF. It can be seen from the results that the co - EOF mode is

more rap id and p rovides sharper peaks.

Neutral compounds will co2m igrate under the classic CZE

conditions. Terabe et al[ 12 ]. successfully developed a MEKC

separation mode to resolve this p roblem. In MEKC mode, sur2
factantwith concentration over its criticalm icellar concentration

(CMC) is necessary to be added in the carrier electrolyte to

form m icelle as the p seudostationary phase. The p rom inent ad2
vantage ofMEKC is its ability to separate both neutral and ion2
ic species. MEKC have also been widely used in the speciation

of elements, especially for the speciation of various organome2
tallic compounds. A t an early stage of the development of speci2
ation analysis by CE, Ng et al. [ 13 ] p robed the app licability of

MEKC to the separation of organoselenium and organolead com2
pounds. The simultaneous resolution of individual lead, mercury

and selenium species, overall 9 - 10 organic and inorganic ana2
lytes, was attained as a result of combining p re - column deri2
vatization and differential m icellar solubilization p rincip les[ 14 ].

Cap illary isoelectric focusing ( C IEF ) has continuously

been an attractive separation technique for biologically impor2
tant ampholytes, i. e. , p roteins and pep tides. Isoelectric focu2
sing is characterized by high resolution and spontaneous focu2
sing of analytes. In C IEF system, the ampholytes are emp loyed

to offer a pH gradient along the cap illary when app lying an e2
lectric field. Species with different isoelectric points ( p I val2
ues) will move to and be focused on their individual p I, and

then be separated from each other. M ichalke and Schramel[ 15 ]

p roposed a separation of six inorganic and organic Se species

with C IEF. Because the authors utilized an online coup ling in2
ductively coup led p lasma mass spectrometry ( ICP2MS) detec2
tor, the formation of metal comp lexes was not necessary. The

detection lim its were around 10～30μg Se /L. The method was

app lied to standard m ixtures and body fluids like human m ilk

and serum. Selenium carrying glutathione ( GSSeSG) and sele2
nocystine ( SeC) in serum was identified by standard additions

p rocedure. Scapolan et al[ 16 ]. studied in detail the chem ical be2
havior of uranium in biologicalmedium by using CZE and C IEF

with time - resolved laser induced florescence ( TRL IF) detec2
tion. By using C IEF, different uranium comp lexes were separa2
ted as a function of their p Is. Very low level of different uranyl

comp lexes were identified in virtue of the utilization of TRL IF

detection scheme. The author investigated the results obtained
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in various inorganic chem ical and biological system s.

Cap illary electrochromatography combines the high effi2
ciency of CZE and the high selectivity of HPLC and has re2
ceived increasingly more attention. Compared with CZE and

MEKC, seldom report concerning speciation analysis of ele2
ments by CEC has been published. A bonded phase cap illary

column containing macrocyclic polyam ine, 1, 152dioxa24, 8, 12,

18, 22, 262hexaazacyclooctaeicosane ( [ 28 ] ane - N6O2 ) was

used for the electrophoretic separation of arsenic (HA sO4
2 - -

Ph4A s+ ) , chrom ium (CrO4
2 - - Cr3 + ) and selenium ( SeO4

2 -

- SeO3
2 - ) species[ 17 ]. A simp le device interfacing cap illary

electrochromatography system s to ICP2MS is described. Concen2
tration detection lim its for these metal ions were in the low ppb

range. In addition, the matrix effect of the established system

with the bonded phase was found smaller than that with the

bare fused silica.

2　D etection techn iques
A variety of CE detectors, including UV2V is, fluorescence,

electrochem istry, X2ray em ission, chem ilum inescence, electros2
p ray ionization - MS and ICP2AES/MS etc. , have been utilized

in the speciation studies to date. This section will briefly de2
scribe their app lications.

UV detection has been extensively used in speciation anal2
ysis because of their simp licity and versatility. Since most metal

species are transparent in UV - V is region, the derivatization

step s using suitable chromophore is required p rior to separa2
tion. The comp lexing regents CDTA [ 18 ] used in CE speciation,

which form absorbing comp lexes with metal ions in different ox2
idation states. Besides the direct detection, indirect UV detec2
tion modes were also widely used in this research field[ 19 ]. In2
direct detection is based on the detection of a nonabsorbing an2
alyte that p roduces interference or supp ression of a given back2
ground signal; the analyte is detected indirectly as an inverted

peak. Several cationic and anionic co - ions such as im idazole

and chromate have been used in the indirect UV detection of

element speciation. The main disadvantages of UV detection

method is lack of adequate sensitivity, usually with the detec2
tion lim its of only 10 - 5～10 - 6 mol/L lim ited by the short path

length ( 2～100μm ) through the column. Various attemp ts

have been made to imp rove the sensitivity of UV2V is detectors

by increasing the op tical path length, including the use of Z -

shaped and multireflection detection cell, but with some sacri2
fice in resolution and design simp licity. Generally, UV2V is de2
tectors are not ideal for the speciation determ ination because

they suffer from poor selectivity and are not very sensitive.

Less sophisticated and more affordable detectors, such as

fluorescence, and amperometric detector, can be emp loyed in

elemental speciation. For instance, laser - induced fluorescence

(L IF) detection was used to characterize hum ic substances and

their interactions with metal ions in CE. Additionally, indirect

fluorescence detection was also app lied in the speciation analy2
sis of tin[ 20 ]. A technique based on cap illary electrophoresis

and amperometric detection (CE - AD) has been developed for

the speciation of mercury at ng/mL concentration levels[ 21 ].

Controlling the reduction potential app lied on the m icroelec2
trode attains selective detection of these electrochem ically ac2
tive species. The detection lim its of 0. 1 ng/mL for Hg2 + and 3

ng/mL for CH3 Hg+ are potentially attractive for the monitoring

of mercury contam ination in sediments[ 22 ]. However, there is

still a call for further efforts on the imp lementation of these de2
tectors for p ractical use.

To date, chem ilum inescence ( CL ) is one of the less de2
veloped detection system s for CE, yet there are several features

in this method, which bring it closes to a sensitive detection

system. CL detection system is characterized by a simp le cheap

op tical system requiring no light sources, avoiding the efforts of

stray light and the instability of the light source, and thus p rovi2
ding low background noise with excellent sensitivity. In term s of

sensitivity, CL perhap s rep resents the ultimate detection

scheme. Some reports have shown that CL is an alternative

p rom ising detection p rocedure for CE. Recently, our group has

made continuing efforts in ultrasensitive CL detection of metal

ions by CE[ 23～25 ]. Recently, speciation of vanadium was also

carried out in CE with CL detection[ 26 ] , it was found that V

( IV ) has excellent catalytic behavior for the chem ilum ines2
cence (CL ) reaction of lum inol and hydrogen peroxide. The

detection lim it for V ( IV) is 2. 4 ×10 - 17 mol/L. Up to now,

this could be the highest sensitivity for metal ions analysis. In

addition, the separation of 1. 3 ×10 - 16 mol/L V ( IV ) and 6. 7

×10 - 5 mol/L V (V ) has been performed successfully. A s far

as we know, this is the first report on speciation of elements by

CE2CL. Most recently, Zhang’s group [ 27 ] carried out the ultra2
sensitive speciation analysis of Cr (V I) and Cr ( III) by CE2
CL. Based on in - cap illary reduction, chrom ium (V I) can be

reduced by acidic sodium hydrogensulfite to form chrom ium

( III) while the samp le is running through the cap illary. The

lim its of detection (DL ) of Cr ( III) and Cr (V I) were 6 ×

10 - 13 and 8×10 - 12 mol/L ( S/N = 3) , respectively. The mass

DL for Cr( III) and Cr(V I) were 1. 2 ×10 - 20 mol (12 zmol)

and 3. 8×10 - 19 mol (380 zmol) , respectively.

Recently, great efforts have been devoted to interfacing CE

with element - selective detectors including inductively coup led

p lasma ( ICP) atom ic em ission spectrometry (AES) and MS.

The interface between the end of the electrophoresis cap illary

and the ICP is key to the success of the CE - ICP technique.
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The considerable advantages of ICP - MS as a detector include

( i) the very low detection lim its ( < 1μg/L) ; ( ii) direct ele2
ment information and element quantification is possible; ( iii)

all buffer system s and stacking p rocedures fit well to the detec2
tor; ( iv) no comp rom ises between separation and detection. On

the other hand, there are some lim itations: ( i) detection of only

the element is possible; ( ii) unknown species cannot be identi2
fied; ( iii) m /z signals can be interfered by polyatom ic interfer2
ences, resulting in p seudo element signals. A review on this

top ic of CE - ICP - MS has been published recently[ 7 ].

O lesik et al. [ 28 ] first used CE - ICP - AES for the ele2
mental speciation analysis including separation of Fe ( II) and

Fe ( III). Deng et al. [ 29 ] developed a simp le interface for CE -

ICP - AES. The interface is relatively simp le to build and is

easy to set up to coup le a commercial cap illary electrophoresis

to the ICP spectrometer. The separation and detection of Cr3 + /

Cr2O7
2 - and Cu2 + /Cu - EDTA2 - was achieved with the detec2

tion lim its of Cr and Cu are ～5 ng/mL. The combination of

high separation efficiency of CE with the high sensitivity of ICP

- MS detection p rovides a valuable technique for elemental

speciation.

Recently, metal speciation was carried out by on - line hy2
phenation of cap illary electrophoresis with mass spectrometry

via an electrosp ray ionization ( ESI) interface[ 30 ]. The Se spe2
cies were sufficiently separated from each other with the detec2
tion lim its were calculated as 1～6 mg/L for the organic Se

species. Electrosp ray is a soft ionization technique. The ioniza2
tion p rocess does not alter their structure and they will mostly

be detected as singly charged molecular ions. Therefore, ESI -

MS is best suited for the speciation of covalent organometallic

compounds. Generally, CE - ESI - MS can p rovide maximum

information, i. e. direct determ ination of the element in its spe2
cific form; CE / ICP - MS directly yields elemental information.

M ichalke et al. [ 30 ] compared the two hyphenated system s (CE

- ESI - MS and CE - ICP - MS) for three selenium speciation

investigations. CE - ICP - MS detection p rovides considerably

imp roved the detection lim its compared to CE - ESI - MS.

A s a remarkable feature of CE, on2line p re2concentration

by field2amp lified samp le injection ( FASI) or isotachophoretic

electrostacking of the samp le injected into the cap illary can be

app lied in measuring the trace levels of various ions[ 14, 31 ]. By

simp le field - amp lified stacking, occurring when the conductiv2
ity of the samp le is lower than that of the surrounding electro2
lyte, sensitivity can be imp roved effectively. Simultaneous spe2
ciation of lead, mercury, and selenium was carried out by

CE[ 14 ]. FASI was performed in order to imp rove the detection

sensitivity. Up to 1500 - fold on - line enrichment and down to

sub2nanogram per2m illiliter detection lim its were obtained for

the analytes under the op timal stacking conditions. The method

was app lied successfully in the determ ination of Pb ( II) and Se

( IV) in seawater samp les.

A novel hyphenated technique, on2line coup ling of cap il2
lary electrophoresis to atom ic fluorescence spectrometry

(AFS) , was developed by Yan’s group [ 32 ] for speciation analy2
sis of four environmentally significant and toxic form s of arse2
nic: arsenite, arsenate, monomethylarsenic acid, and dimethyl2
arsenic acid. Baseline separation of the four arsenic specieswas

achieved by cap illary electrophoresis using a 20 mmol/L phos2
phate buffer (pH 6. 5). A hydride generation (HG) technique

was emp loyed to convert the arsenic species from the CE efflu2
ent into their respective hydrides. The p recision (RSD) ranged

from 2. 1% to 3. 1% for m igration time, from 2. 8 % to 4. 2%

for peak area response, and from 2. 0% to 4. 1% for peak

height response for the arsenic species at the 1 mg/L ( as A s)

level. The detection lim itswere in the range of 9～18μg/L ( as

A s). The recoveries of the four arsenic species in locally col2
lected water samp les and urine samp le ranged from 91% to

115%. The developed technique was successfully app lied to the

speciation of the water - methanol extractable arsenic in a sedi2
ment samp le. Later on, the same group [ 33 ] developed a novel

method for speciation analysis of mercury by on - line hyphena2
ting cap illary electrophoresis with atom ic fluorescence spec2
trometry. The four mercury species of inorganic mercury Hg

( II) , methymercury MeHg ( I) , ethylmercury EtHg ( I) , and

phenylmercury PhHg( I) were separated as mercury - cysteine

comp lexes by CE using a m ixture of 100 mmol/L of boric acid

and 12% v/v methanol ( pH 9. 1 ) as electrolyte. The p reci2
sions were in the range of 1. 9%～2. 5% for m igration time, 1.

8%～6. 3% for peak area response, and 2. 3% ～6. 1% for

peak height response for the four mercury species. The detec2
tion lim its ranged from 6. 8 to 16. 5μg/L ( as Hg). The recov2
eries of the four mercury species in the water samp les were in

the range of 86. 6% ～111%. The developed technique was

successfully app lied to speciation analysis of mercury in a certi2
fied reference material (DORM - 2, dogfish muscle).

3　Applica tion s in elem en ta l spec ia2
tion ana lysis

Nowadays, cap illary electrophoresis with various detection

techniques, including UV - V is, fluorescence, electrochem istry,

chem ilum inescence, electrosp ray ionization - MS and ICP2
AES/MS etc. , have been utilized in the speciation studies of

elements as follows: A s[ 34～37 ] , Se[ 38, 39 ] , Pb[ 3, 14 ] , Hg[ 3, 21, 40 ] ,

Fe[ 41, 42 ] , Cr[ 27, 43 ] , V [ 26, 44 ] , Sb[ 45, 46 ] , A l[ 47 ] , p latinum2group ele2
ments[ 48, 49 ] , even more sulfur[ 50 ] , nitrogen[ 51 ] , chlorine[ 52 ] , bro2
m ine[ 52, 53 ] and iodine[ 54 ] etc. inorganic anions. Table 1 and Ta2
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ble 2 listed some app lications of speciation analysis of arsenic, selenium and other elements, respectively.

Tab11 Som e applica tion s of arsen ic and selen ium spec ia tion ana lysis in CE ( DL, the detection lim it)

Species Analyzed Samp le Buffer Detection DL Ref.

A s( III) , A s(V) ,MMA, DMA, A sB, A sC

A s( III) , A s(V) ,MMA, DMA, A sB

A s( III) , A s(V) , DMA

Se ( IV) , SeC, e (V I) , SEM

Se ( IV) , PSC, DPS

PS( II) , Se ( IV)

Test solution

Soil extracts

Test solution

Human m ilk

Standard

Sea water

20 mM CAPS240 mmol/L CD (pH 10)

0. 5 mmol/L chromate20. 5 mmol/L TTAB
(pH 11. 2)

90 mmol/L K2HPO4210 mmol/L NaCN

(pH 6. 5)

Na2CO32NaOH (pH 11. 5) , 100 mmol/L

NaOH2H3PO4 (pH 2～10)

25 mmol/L SDS22. 5 mmol/L NTA (pH 7)

2. 5 mmol/L TTHA22 mmol/L SDS240

mmol/L phosphate2boric acid (pH 7. 5)

ICP2SFMS

ICP2MS

ICP2TOF2MS

ICP2MS

D irect UV

D irect UV

0. 326. 0μg/L

HYD: 6217μg/L

ELM: 0. 0820. 26μg/L

1220 pg for 20 nl

10230μg/L for inorganic Se;

10220μg/L for organic Se

Se ( IV) 120, PSC 260, DPS 10
μg/L

Se ( IV) 0. 3367, PS 2. 022μg/L

[ 34 ]

[ 35 ]

[ 36 ]

[ 38 ]

[ 3 ]

[ 14 ]

MMA, monomethylarsinate; DMA, dimethylarsinate; NA, arsanilic acid; PhA, phenylarsonic acid; A sB, arsenobetaine; A sC,

arsenocholine ion; SeC, selenocystine; SeM , selenomethionine; PSC, henylselenium chloride; DPS, diphenylselenium; PS,

phenylselenium; HYD: hydrodynam ic injection; ELM: electrom igration injection.

Tab12 Som e applica tion s of m eta l elem en ts spec ia tion ana lysis in CE ( DL, the detection lim it)

Species Analyzed Samp le Buffer Detection DL Ref.

Pb ( II) , TEL, TML, DPL Standard 25 mmol/L SDS22. 5 mmol/L NTA (pH 7) Indirect UV
Pb ( II) 110, TEL 40, TML 80 DPL 100

(μg/L)
[ 3 ]

TEL, DPL, Pb ( II) Sea water
2. 5 mmol/L TTHA22 mmol/L SDS240 mmol/L

phosphate2boric acid (pH 7. 5)
D irect UV No stated [ 14 ]

Hg2 + , Hg + , PMA Standard 25 mmol/L SDS22. 5 mmol/L NTA (pH 7) D irect UV Hg2 + 130, Hg + 310, PMA 90 (μg/L) [ 3 ]

Hg2 + , CH3Hg + , C2H5Hg +
Sediments 0. 1 mol/L creatinine2acetic acid (pH 4. 8) Amperometeric Hg2 + 0. 2, CH3Hg + 3 (μg/L) [ 21 ]

Hg2 + , CH3Hg + , C2H5Hg + Lenses solutions 20 mmol/L Na2CO32SDS2cysteine (pH 11) ICP2MS
Hg2 + 170, CH3Hg + 80, C2H5Hg + 100

(μg/L)
[ 40 ]

Fe ( II) , Fe ( III) Aerosols 100 m mol/L borate D irect UV 1 ×1026 mol/L Fe ( II) [ 41 ]

Fe ( II) , Fe ( III) Standard
250 mmol/L borate21

mmol/L phen 21 mmol/L CDTA (pH 9. 0)
ICP2AES

Comparison three different

digestion /dissolution methods
[ 42 ]

Cr( III) , Cr(V i) rinse water 4. 5 mmol/L histidine (pH 3. 4)
contactless

conductometric
Cr( III) 10, Cr(V I) 39 (μg/L) [ 43 ]

Cr( II) , Cr(V I) Standard
0. 02 mol l - 1 acetate21mmol l - 1 EDTA

(pH 4. 7)
CL Same Ref. 66 [ 36 ]

V (V) , V ( IV) Standard 0. 1 mol/L monochloroacetate buffer (pH 2. 2) D irect UV V (V) 5×1027, V ( IV) 2 ×1027 mol/L [ 44 ]

Sb ( III) , Sb (V) , TMSb Fouling and sewage sludge Na2HPO4 /NaH2PO4, 20 mmol/L (pH 5. 6) ICP2MS 0. 120. 7μg/L [ 45 ]

Sb ( III) , Sb (V) Standard 1. 2 mmol/L fluorescein (pH 9. 5)
Indirect fluorescence

detection
μmol/L [ 46 ]

A l3 + , fluoride A l Tea, canal water, tap water nicotinam ide (pH 3. 2) Indirect UV No stated [ 47 ]

Pt( II) , Pt(V I) and other

p latinum2group elements
Standard 60 mmol/L KCl (pH 3. 1) D irect UV 0. 120. 6 ppm [ 48 ]

Rh species standard 0. 1 mol/L HCl D irect UV

Comparison the mechanism of

catalytic kinetic reactions in Rh

species

[ 49 ]

　　Recently, a new app roach for the speciation of metallothio2
neins (MT) in human brain cytosols is described[ 55 ]. The analy2
sis is performed by app lication of a newly developed coup ling of

CE with inductively coup led p lasma - sector field mass spec2
trometry ( ICP - SFMS). The analytical p rocedure developed has

been used for the first time in comparative studies of the distri2
butions of MT21, MT22, and MT23 in brain samp les taken from

patients with A lzheimer’s disease and from a control group. This

work demonstrate for the first time that the CE - ICP - MS tech2
nique is suitable for the separation and identification of metals

bound to metallop rotein in real2world samp les such as human

cell cytosols. The same group [ 56 ] analyzed MT isoform s in a nat2
ural cytosol pH environmental by using surface - modified cap il2
laries with CE - ICP - MS. The separation of nine MT isoform s

from rabbit liver were imp roved by app lying surface - modified

cap illaries, and the metal composition of MTs also has been
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characterized by subsequent ICP - SFMS. Indeed, an under2
standing of the mechanism s controlling the essentiality and toxic2
ity of trace elements in biological system s at the molecular level

depends critically on the possibility of the identification, charac2
terization, and quantification of chem ical form s of these elements

involved in life p rocesses.

4　Conclusion s
It is believed that the elemental speciation analysis is one of

the most difficult tasks of analytical chem istry. The continuing

efforts by many research group s have led to rap id p rogress in CE

separation with various detection techniques. Desp ite the signifi2
cant advantages, there are a number of lim itations and challenges

in speciation by CE. It suggests based on the recent literature

that further development in speciation by CE be as described as

follows: ( I) more effort should be focused on new detectors that

are instrumentally simp ler, less expensive and versatile that of2
fers the ability to detect various types of analytes at trace levels;

(2) samp le p reparations and separations that p roduce the smal2
lest possible perturbation on element species will be the focus of

future studies; ( 3 ) broaden its app lications to various factual

samp les.
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毛细管电泳中的形态分析
———微量元素分析新方向
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(信阳师范学院 化学化工学院 ,河南 信阳 464000)

摘　要 :元素的形态分析可为化学、环境科学、医学和生命科学提供重要的信息 1作为一种新型的分
离技术 ,毛细管电泳具有分离效率高、速度快、样品耗量少等优点 1本文评述了毛细管电泳在元素形态研
究中的进展 ,包括区带电泳、胶束电动色谱、毛细管电色谱等分离模式和紫外、电化学、电感耦合等离子体
质谱及化学发光等检测手段的应用 1讨论了该领域存在的问题和未来的发展趋势 1引用文献 56篇 1
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