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Abstract

Capillary Electrophoresis (CE) has been widely used in separated
chemistry because of its higher number of theoretical plates than Gas
Chromatography and Liquid Chromatography. The high-resolution
inductively coupled plasma mass spectrometer (HR-ICP-MS) takes
advantages than traditional quadrupole ICP-MS in interference free
determination of almost the whole periodic table in almost every matrix
and lower detection limit (ppt). Some elements are significant
interference by polyatomic ions and cannot be tested without using high
mass resolution. The CE and HR-ICP-MS are complementary. But how to
hyphenated the two instruments finely is critical point of the research.

Organotin compounds (OTs) have extensively been used as antifouling
agent in ship paints and as fungicides in agriculture and stabilizers in
plastic industry over the past years. Speciation is of major interest in OTs
analysis, since toxicity is strongly dependent on the species. In order to
understand their biological effects and estimate their environmental
influences, there is a need for the development and improvement of

analytical techniques capable of determining OTs in both aqueous,



environmental and biological samples.

Our laboratory hyphenated CE and HR-ICP/MS and discussed some
parameters of the system. Then, Using the CE to separate the triorganotin
compounds, and discussed some analysis parameters, then determined the
amounts of tin in HR-ICP-MS for different standards. Five kinds of
triorganotin compounds were successfully separated by using a pH
4.6-100 mM acetate buffer within 6 minutes. Reproducibility of
migration time and peak area was better than 1.76 and 2.68%,
respectively. The limits of detection for various triorganotin compounds
were in the range of 1.79-9.68 nM based on peak area. Samples of

seawater were analyzed with the CE-ICP/MS combination.
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\elocities in the presence of electroosmotic flow. The
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Schematic of a capillary electrophoresis system.
Schematic of an ICP/MS system. Dotted lines show
introduction of gaseous samples; solid lines show
introduction of liquid samples.
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Schematic diagram of a reverse Nier Johnson geometry
double focusing mass analyzer.

A typical tee union interface. The outlet of the CE
capillary is taken out of the system and threaded through
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the ferrules. The other arms of the tee are connected to a
tube for the make-up solution and to a platinum electrode.
An alligator clip is used to connect the platinum electrode
at the tee interface to the power supply, thus providing a
complete electrical circuit by conduction through the
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Olesik et al.

Detailed view of the CE-nebulizer interface was designed
by Lu et al.

Schematic diagram of the CE-ICP interface was designed
by Deng et al.

Schematic diagram of the CE-ICP interface was designed
by Lee et al.

Diagram of interface between the electrophoresis capillary
and the concentric, pneumatic nebulizer for CE-ICP/MS
was designed by Olesik et al. Insets show position of end
of capillary inside nebulizer for HEN and SB-30-A3
nebulizer.

Diagram of interface for coupling capillary electrophoresis
to inductively coupled plasma spectrometry was designed
by Mei et al.

Block diagram of the CE-ICP/MS was designed by Liu et
al.

Diagram of the CE-ICP/MS interface with ultrasonic
nebulizer was designed by Lu et al.

CE-ICP/MS schematic was designed by Day et al.
Diagram of a CE-ICP/MS system using the HECFMN
interface was designed by Li et al.

Schematic diagram of CE-ICP/MS interface was designed
by Sonke et al.

CETAC Technologies — CE-100 capillary electrophoresis
interface.

Schematic diagram of CE-ICP/MS with introducing the
make-up solution by self-aspiration and hydrostatic
pressure was designed by Hsieh’s Lab.

Schematic diagram of CE-ICP/MS with introducing the
make-up solution by peristaltic pump was designed by
Hsieh’s Lab.

Effects of RF power on the intensity of *S.
Electropherogram of DMSO with different thru-hole of
cross union as (a) 1.25 mm and (b) 0.5 mm respectively.
Other conditions are the same as those in Table 2.3.
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Electropherogram of DMSO with different height of the
make-up solution as (a) +5; (b) O; (c) -5 cm, respectively.
Other conditions are the same as those in Table 2.3.
Effects of the height of make-up solution on the migration
time of DMSO.

Electropherogram of DMSO with different tubing length
as (a) 80; (b) 40; (c) 20; (d) 10; (e) 5 cm, respectively.
Other conditions are the same as those in Table 2.3.
Effects of tubing length on the (a) migration time and (b)
the half-width of DMSQO. Other conditions are the same as
those in Table 2.3.

Electropherogram of DMSO with different depth of the
capillary inserting into the PEEK tubing as (a) 9; (b) 6;(c)
3; (d) 1; (e) 0 cm, respectively. Other conditions are the
same as those in Table 2.3.

Effects of the depth of the capillary inserting into the
PEEK tubing on the half-width of DMSO.
Electropherogram of triorganotins and DMSO with the
height of make-up solution 15 cm. The bold solid arrow
means the initial of determining *S instead of 120Sn.
Other conditions are the same as those in Table 2.4.
Schematic diagram of introduction of make-up solution by
peristaltic pump was designed by Hsieh’s lab.

Effects of RF power on the intensity of 2°Sn.

Effects of pH value of acetate buffer on the separation of
triorganotins and DMSO; (a) pH 5; (b) pH 4.6;(c) pH 4;
(d) pH 3.6, respectively. The bold solid arrow means the
initial of determining 32S instead of 120Sn. Other
conditions are the same as those in Table 2.4.

The relationship of electrophoretic mobility of the
triorganotins versus the pH value of the acetate buffer.
Effects of ion concentration of acetate buffer on the
separation of triorganotins and DMSOQO; (a) 125; (b) 100;(c)
75; (d) 50 mM, respectively. The bold solid arrow means
the initial of determining *S instead of 2°Sn. Other
conditions are the same as those in Table 2.4.

X1l

86

87

88

89

90

91

92

93
94

95

96

97



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3.15

3.16

3.17

3.18

3.19

3.20

3.21

The relationship of electrophoretic mobility of the
triorganotins versus the ion concentration of the acetate
buffer.

Effects of the depth of the capillary inserting into the
PEEK tubing on the separation of triorganotins and
DMSO; (a) 9; (b) 6;(c) 3 cm, respectively. Other
conditions are the same as those in Table 2.4.
Electropherogram of a standard mixture of 5 triorganotins
with the optimized conditions of CE-ICP/MS as in Table
3.3.

Electropherogram of triorganotins at different
concentration. The concentration of TMT, TET, TPT and
TBT, TPhT are: (a) 0.05 and 0.25; (b) 0.1 and 0.5; (c) 0.25
and 1.25; (d) 0.5 and 2.5; (e) 1 and 5 uM; respectively.
Other conditions are the same as those in Table 3.3.
Obtaining a calibration curve for the determination of 5
triorgranotins with the optimized conditions showen as
those in Table 3.3.

The study of reproducibilities of CE-ICP/MS with the
optimized conditions shown as in Table 3.3.
Electropherogram of the sea water from Nan-Lieu Harbor:
(@) unspiked sample ; (b) the sample spiked TMT, TET,
TPT 0.1 uM and TBT, TPhT 0.5 uM. Other conditions are
the same as those in Table 3.3.
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A% R BATS hFE TR (9000~10000K) o deis > fd P&
gjg?J)‘ oS E N LR RS DR ;g"gﬁfj]{:d A F RTINS e
it -

d RS R AT R RFROERT R B TRLT S
- BArRFTEI hed R ERFEET R . R e A
(2 ") g R RS PR R G EOY R B ehd A 4 (Ar s
H-0-%3) 'fr”f,‘i SRS enpsaE ¥ Bick & fie Sifice Houk v Thompson
3t 1988 & > 4% Saha  f75% (G 1) P E N HEA AL A F AR
Tots & TRIBE T FVEYLLA (1] wo B 18~ B 19 4T

3 IE zZ"
log K = —log T,,, — 5040 —— + log —+15.684 A
g 2 g 1on Tlon g Z ...... P 1
2o Z0 S enA e Sl
DR ek fiedidic
IE : =% sdgin (eV)
Tion : T%ﬁ—; /J‘?.
K ~F PERLT Y o K = Mn "Ny >Ny ~Ne 2
M

&
L
e
e
Eﬂ
7

A E RS BRI frR S BA
~ %

(B2 2 ft A %)

Iy
—~
%:

= + ’ﬂ’%ﬁ/’a\ﬁﬂf‘u%ﬁﬁ’ﬁ#%‘f%ﬁ&ﬁﬂ— BAFA e 10
B2 EF e VASVIASVIIA Z A3 0 d 302 BREF 2%
A TR E T o B A FAOR KA S e TR B2
MAEPAr-HAfr ORI 23RS F A4 BRETFH FIVRER
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BE T RS AR DEAFTH RIS o
1223 F & 417 B

WS LT R R T R F TR () 2 A &
FLIAEFTTEA MBS FEHFE -V LNAFTELITEF v B
£ 4~ 17 £ (quadrupole mass analyzer) ~ & & (double focusing) 3 &
AP E ~ #1757 (time of flight, TOF) H & ~ 47 B fr& s e 3p+
W > % & (Fourier transform ion cyclotron resonance) ¥ & 4 17 & ©
%ﬁﬁ?i¢ﬁ$£ WAL BHEHE TR F R - R
B e R e LA GRS DT (m/z) BF EF 300 =+
fﬂﬁ&%%(@3m)»%@%*~&%%ﬁﬁﬁ%ﬁiiﬁﬂ
WAL e AR T TR B8 A ]\ CEH R o R E (double
focusing) B & A 47 BEEAAEA 5~ dF E R o R H B R P
EfE47a 4 (>10000) - 7 s bR e B KT R R o d 3
Eee TRFFRL ~F 4475 00 24T FE 12300 amau.
TR EFNrE AR e R LRI AT EAMELRL PN
R o PR TR EME TRTHRLFEATE N R
TR EREN R A on AREKRR Y BFRESTEAFRESTE &
F2 1 0F mp M HERESTHRELE- Hig o
EREFHRLABEZ T H»H - B TR RDETR
B ke et m i s A3 N e BRAENE
EAPELED - BRI (BE) fr- BESF B) &= HE53 5
B A WA R (RIS s EBAl AR 110 #7
) fek ek (BE v R ateofiis BE A 4cR 111 77 )
AF e ] F N R NERENTEA T E AL AR
AT VR TR EITR DA T R AR SEIFHRIC S 0 B R T

-



o BEARTIE - kA3 BERE D A F R B R A
i# (Boltzmann distribution) 12 % 33 Jh ¥ 7§ F 7 353 (g =

iv B A B e FBE e B (transducer) G R R R A K
REPFTR D E o 5d UT 2N gV w3 FH 2 A

Ao BT MR R AR - e T RA T I

BY = MV ;2

b 33 2D H2 (Fr 4 g i
mv ° my
eE = m X3
” CaP o e ;

He E: RF %R
T, - § R v

Al s RHE - PR EiBRE

mv mv
Bev = B=— A 4
" —> r, ;

Al MR - f@@aﬁﬁ;ﬁg 0
d btz 2}37\:#&%'? ‘/’T"f | * 7 ;[’%"f‘—"@j’%%%\,a: P 4 fé}'ﬁ——* 2_ R ‘E‘ 7}
o LRIl 2 JEd E BRI £ T L E SRR
¢

ﬁ%o%ﬁllO%ﬁ’&%R@§? AT EY BT R g AU E
- # T A~ 17 F (electrostatic analyzer, ESA) - # 7 ~ 47 £d & Bk if



ERFES S AHEF G- TR R KERI N
TR - Faav] R F o Tian g ¢ ESA

Fedel o RUERE A A ¥ Tian £ a9 ESA
P ST 2 A R o B F O RF LRI BT pEFEY T 4
+ &g ¥ 180~90 & 60 & PR R LED - H D e sR LG4
AdeB 110 o F R Ea diw m e ERERE s FenhTa g4 o
Floto HiE - BRI E T RCESEER R - Bz RS R
FEdfre s SUF o G e Rk Bt PR o B8
FE S R B e ~ IR B p o

- BRE T R AR E AR S ST % B
(ERBRRFRAEfeEFRRE) ¢ D0 BRETRHFL 0P B
2R G H SR (linked scan) 4o 11 #71 [60] X *t 3w
hif s R REF T N G THT 21538 0 2 ¥
i# o [59, 60]

i

1224 i p =

AP AEEBETRTHFRYEHET L BHF  (clectron
multipliers) ® 5 &R B OEPIE > & T F B H Bk K% (pulse) frif
(analog) = fAIMELH Y o F LI R R MPF > WELE R R 50
ﬁﬁﬂ&ﬁﬁﬁ:Fi’$$4%a$%’$samg@ﬁ$ﬁ$ﬁ
BN A AR e - SR Mo S AR L, B
FIr R roAR e S H - AR R R W D RE R R
B
%O RS REEN A A
3 % F (scintillation) o &8 3] e id )
Sy 8

g S cif
K- RERLBOEEY > § 4T IR P
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AR T BHE BRI o BB R B HURE > A
R L ehge AR $ v ) o

dORERESEEME DRTH RS LGE- 8§ &
TR oz (6 A AEWRIE » TR FIEkp T & 4 2y
Mg B gl (<02cps) cEdHh b o HF R AF T BRI ek 2 {8 o

ARG R A B R F R 47 (space charge) »xf 0 5d -
poraF R Rzt A m@?ﬁ?’f F et R g E

4 ¢
?%?ﬁ%%iii’fﬁﬁﬁﬁﬁm@&ﬁﬁ°

1.2.3 #F+

EEBETRFHEL ] - SR EMETRRETRF DR
B4t S Hca B a T o vl B - R TiEt a @Rk ehh g
LR Eadio B anE R RBEER (5 B
BlER ER g o AR R AT
TR R v’ﬂaﬁﬁ?4#%§Fm¥
PR AT RS R R RIS S KORE A
Lo fl* b i il aif el e &g HHRDAIT -

FHRRMETRTHARLE RPE TR FHAH R
(Inductively coupled plasma optical emission spectroscopy, ICP-OES)
v A B RNEI 6 0 A AR R g e e TR
RGRIT 2 B R BRRIL S R 8 & LR SR F R 2
~3%&$,ﬁimwmm%@oﬁ@%%€’ RS TR HK
HFHBS R e TR F SRR FRP IS 2L
Fla R s E a*ﬁ??‘éfi‘aﬁ??éﬁwfbi:& Kpt- WESF @ p o
AF - BAFARERE] S BRUOR RS A D RET RS

A2AAR TR EDP =F 0 4 FOURF R

‘«wk»

:}’E ;EJ"_‘, -(7E J,z *&_J_ o ll-L
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o EY m/z BAZE 82 2 A TR R ARy AcE > £ E ah
Rk EPEHOCE SRR 08 00% TR e & R T R
IR VRS- Sl H- sk

BRAR M PHBEI-MKFFEEFERE S A Z 702
ﬁ%&ﬁiﬁJm@%%pi}?%%&&ﬂ&ﬁ%ﬁo

E%@@ﬁ@?%?ﬁ%&*iﬁﬁ%%%aﬁjwgﬁﬁg
Fr i m g S S HEHEAL T e BT T R R AL
p 2Bl (matrix effect) fo /8 3% 12+ 3 (spectroscopic effect) -

1.2.4.1 A5

w3} R F R B A i R AR ¢ PR SRR Y B T ehik
BAmeee @R kAR P AT RERE PR H T
FAmFfr s AR B R HROFEFL D IR R E RS AR
2ﬁ\?§@ﬁ$%iiiomﬂﬁ pree[12] iRy e B
SR B ATE 1% T oav g @ A 54 amEtE 11 0 ~ 50% © ¥t &
ﬁﬁ&%?%a’gﬁkﬁ PR RGBSR EHI T AR
FAF ] FHREF T giEAFAREDAZATY R
%(wﬁw@%ﬁwyﬁf)’géﬁﬁiﬁm%ﬁﬁwrﬂzﬁf £
R RPUEAFOR T (Bldeo SRR ) o AT TR -
FERTERMETRTHRA KB RARAT RS 48T - B Y
Bt R 4T 0 hdpd T PEARY R fRM BT VA §ALRS AP
B3l 3 A A MELER (drift) o T FRSBAEER P 2R
R R PRI R RERERE MY 0.1%) o & A1 PR
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EIAR SRR A & Rt S e
1242 =5

FHEFET ~ k&% F4E (isobaric interference) fr % f
+ 3+ + 3 (polyatomic interference) = = f»ﬁ ° W R P A AT
Frrgfrks? B i ef~ 9—"“?1] FA R P 2
#ﬁi%’ﬁi?7ﬂﬁ@”*ﬁr$ ELR T L TR R
AAAPE A ST black F TRAL RS R A -
ArO'frArzgiﬁLK‘Ca‘Feﬂercé_i #ooded 1.2 #7571 [60] o ¥
ok AR Y 2 B AR A § AL AT AT T e
% 1.3 #m[60] 0 b4t ® VB REE-TAE > € A2 ArCl g i
PAs> @ ClO" g&%“v 2 Crit & p i E @ % HoSO, B> SO™r SO,
§FHEPTIAI%Zn: @ 3 B B A 2 10O g3 3 *Sich® - ko fs
S RIAT IR A AR e BEF RS
- HapI nE T Glde D Cd S Sl 2 F € MoO e
MoOH £ 4 ; "'Nd*"4r 'Sn*" ¢ * # "As -
L2 R f"céﬂ? E13] > & % i F g jfi
(600~700 W) fri~ ¢ngf - B 5 Mt (1.6 L/min) o it &> Ar e
AtH ehg 4 o 2 % “ch (cold plasma)[14]-2_# * M & & T JI{‘
(600W) ;@ i fr il & 48 & T ’ 5 (shielded ICP)[15, 16]R] &_# < /it
Blfr T RGESFR R R - e DERF NI oD T
oo BT AR Ar s~ A~ AtH e ArO" % 325 ehg 4
FULEFHY x5 F 2% F (98 pl/min) > ¥ < Mg
CIO"~ArO" ~ArCl'fr AR, % 4 B 45 o 330 8 W o ff H e L = 33
Plder E* 2 X F PP 2 FEFE RS IR R A BRITS
PR ASE BT LG ke F TR T - S a0 AR SRR

3
Y
ﬂ\—k
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2 BRENDTHG BB E (exactmass) M| &+ &
23T 0 blde tm/z=28.00615 &_ N, @ % §_CO % » 47 & 4p
VECR FER A £ 2 TR R F okl L T

o 3TE ko FE P { & DTERE (collisioncell) ¢t~ § F A

2
N~

WEowk b
5

3

=Xy

2 F F SRR F A (collision gas) - i it F AEAF & S B
4 3% ¥ {23 (collision induced dissociation, CID) 31 % » L3k 4f &
+ 8@ fE R R 0 [91,92]

|
%

=

-~
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3w AR R BB TR HR
1.3.1 =3
%ﬁﬁ#ﬁm?mﬂﬁﬁﬁﬁg THRFH R WAk 2

FAS P EBOT 0 2 R A AP R A A v i T

aﬁiﬁ%ﬂ%nﬁw\ 'E*«FJ’%%& B 18
Sy R L]

995 # > Olesik % A & L 4 L g A E R @*&@?jﬁ’f??ﬁ
REBOEBEP R AT E e B EFERE T A7)

AOC TR 6 R L T oA (5 F JARAP AR T L o A oD
WK FAe® 112 17 [8] J&*ﬁ - BEEE - R
(make-up solution) ~ e ¥ 2 FK it B o Caruso & A %t 2002 & ¥+

PO HEIT - BRTAES] v P RT R WA G R e BE
.1
a. MY F R A G DT R
b. § #:8F i ®B ¢ A 4 =P (suction effect ) i = & /i
(laminar flow ) I % > & Jf #2355 & ;]FT I )
c. B %+ %% (band broadening) IR %
% @ 3% 2z (transport efficiency)

d’&"ﬁ bk BEEER R 0 Tl ik it Fm PFES U R > T g

~



SR R G B E B G iR
132 e inin

1995 Olesik & * Ak AL L mg e v sidg F -
TR R TR DA AU R R R 2 g
’“*%%*§W$mﬂ~?9“#%’Eﬂ%%%ﬁﬁﬂﬁ“%%
113 #5w[17] > A B % S ARy N o547 %”ﬁ 3 REUS &
REfraLIE R e o > BRF R FIE AR T A5 S cLu BA A
Podi ¥ e or B EAA R A %@@gmmwwﬁLM%ﬁoh»ﬁy
BRTABERDH L AU L RS TABR G FBAF RS

R Bl o

o

d 31 B R E PRI L gL e d el T s E e R

RN EEA R P T LR E A% B T

— Jéf" j\F;L‘ j]\ (e /’J 50 Mm _i;ﬁ "‘m’—? l’é}_?‘/‘;"\' ‘:J _7\ ;F://, ‘/‘H“‘ E"ij‘/n“-i‘i = l“/]
432 0.1~0.9 pL/min > %@ > B EH S ST F B Dk X F ok

[
$oRRRF I B ED B D SR LR
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(back pressure) i) 7t (sheath flow) ’7%%' LG d FiC BT A 4 ahf
& o Schaumloffel §- Prange 3% ) > §1 * — i X % /# 88/ (dead volume)
ek G TR Ak T - B R BoR > B
BRI 44 =+[19]; Caruso % & 7r g I Pon L m g Tk o
i et R CERAG I I BRFERLGRLE S P
R BB AR R (sol-gel frit) B YA BEL mop il R g e R
BB FERESS R FD LR L ‘m’g T A HEATE[20] o
BN AR ﬁi*‘rg‘.”’?if* (ERRIE ok s Sl il
PR E aE RAGKR 0 LR G AR d FHitEBATAE 4 2 B o
BAA R A H %% d p #534 P~ (self-aspiration) =% & 4| * Fé §
ILR
RomBHRITERZAITE o IR IR IR B He B
TR FeRIEF S F 20 FEE o AL T RTG F S m

fog A gk o Kinzer ¥ 4 f 1996 & Tde ) > et ‘J’?} IR AR

2

ad
piY

(w,

T (peristaltic pump) ¥ > Jr & > % - i 7 kg 2403 0%

Ok

=

X

s

gg;c

&

@ﬁ%’—%ﬁ?%%ﬁ%ﬁﬁiﬁw’xv M %R IR g Y

5 iz L ®ATR[22] o Day = 4w £ ;ﬁﬂ TEEE A BA A R A TR B
4

X

%

X RAp R TIAGEE T 0 e w g kR B e s &
TRFFHRTERAR I 24745 0 v 13 T 2 B AT H > R H drd)
R BT AR 21] c I R R AR AR ER T F
@?ﬁé@%?%ﬂfﬁﬁw&%wﬁ B R R L O S
e L mE R FE A2 pH PR A ST RE F R %[8]-

4507 Olesik % A BA= 972k 3L enh (& # g,FLM AR PR 4 AP
Aec %@ g 0 o Taylor ¥ A A L fwg cig ey de- f R %gﬁb
Pl Bl o fe PR R A Y e g B2 IR TR T R Pt 2
2 BT F BRI A B anfAYT S it 0 2R S B
THEL A RFIF O > 100 B 2 oG R ILF][23] 0 iT R
Deng{rChan{|* - B &F chfe s LIy 14 B 4v K- & v F &

%

4

Ak

£
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(tip) T2 o » EH{Flomhd ERELLELHPL g D vy
TR > Bike X3 @ B 0 AoB] 115 AT [24] -

133 i E

Sy AP HE W TRTHRDR G KL AR P
#FEVRLD LFATFAfY F 3= A3 o

AF L FAERENTFAEZRT R AT R o+
FARBEFF e BRC > A6 rfl oy ~WEHBR 9 £T 1
feF it Bigtg > Bl 116977 [25] - TF A EEFR G = BRC >
?%@ﬁb%éﬁg\ﬁyﬁﬁ#%ﬂﬁaﬁg,i*ﬁ%%ﬁW%
Lu % 4 #3830 7 G By 2 A% B WA K- 7
BE ORI SR G g E ik 0N LR 4o B 1L17[22]4- B
L14[18]#77F o i B ehid T i jis fr &z s 27 £ &
R ARNEERBERF A T B EEL ML @ A E
d > R pLALEr (polyetheretherketone, PEEK) #H & 3 % s & 4
o SRR BV AR RN E R it B TR W
VRS TG EF L AN o SFE M LB 3K T
BREEFI AL AL FENETHL L HVELLF A4 T F4)
BRERTE By g

Mei % A3t 1997 #XR3 - ARG 2 A3 {#Hafe £E > 4o
Bl LIS #r R [26] 41 Y F Al che & 4 4 Wi 324 310 fm F o o4 £
wE MERRUER V- AR EG Bty ’%ﬁr’ v F W
mE o BT ARS e FER Y FAEEFFTLIITE 2 FFRESL
WL mE N GUEN PN L EFEAGFOEFE DY
FAUARZFEL o QR GV VBLERFREFH R FE IR
Wik BF Tk A & EILE R R R S oo
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134 Fi- BAug s

7otk o 1~2 mL/min 20 B > 2 @i s A 1108 1~2% 0 7
MERGR BB L g i (22,27, 28] ¢

Liu #4730 1995 # g AF 222~ F 1 FRESwp h o
K3 Ao 119 #7on [29] 0 A 3 C o E T BER S dep WO B BT
i Bk TGRSR e Rt o BE DT LR o 2
R T RFEA s FERFIRIGZEANRIRETRE 7 @
sr i ARIT 100% 0 7 W 5 A 4r L H - A R &% o Bendahl
FASEHIET A FEFELRR LT 5 S
o MR S B AT (10~30 pL/min) o $#3 ¥Se 4¢ '“Rh 4
F 7] 20 fv 1 ppt 2 1 B4&*[30] -

BRI AECBITLRBRG 2 4030 1996 & - F Lu & 4 %
2o ARG KRR 120 27 [31] 0 d 3042 F A F 1 BHRAE R
Kirlew % 4 p (73K3 I% BRI F 2 FiBeFmaEae Bha b F
Tt b G R T O INGILET 2 FRHEIT & 5] ppt & & [32]
AR AL B A BEFT o BRHE FF 0.5~2.5 mL/min > iz
P ERES wE DA 0 2 Tarr BAFIR o F BRI E M S

S s
3

[ Y4

(3

N

Ik

1A <

uL/min > 137 34k &5 14 [33] 5 - kR ¥ hiefind |
mL/min FF %% 5 20~30% ; & & MR E ST 7 iE 100% o d
REAFEBLIZRGCFHM T §d L Porfy FP 7R
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CHRAREORG > PEAFBFARERTFEIF R RS o
2 10~100 uL/min e:& 4k ik - @iE s 4 § i 50% 0 fcle

i Ak ?F;&’E-.’w# EF oA F B A ot frg @ sahg &

FHEBL TR A P BREY TP BB LR TR S

§ gy it B Bk Bt E o 4o 121 07 [21,23,25,26,34] - iF

R0 Yanes ¥ A @ % = fAfcle by - B pe [ 2 of ORI R S

AREFEG RS LALLM R R ER i

tuEE g 7;‘:@1*‘@%4% i@ 2 - g R TR SR iR
i

I I LT

\_f-
-\'}\,‘
?\“
=>4
poan
=
(3‘
iy

o B EREE S e PREDLE - [35]

Aot RIS 0§ 7 S R M Leng E o R
verig o A 3op fFkELEE o R 3l R ek BRF R L
B o 2 bl ot ado it b h T B I o Li% A ® T -
B F 2R GV i B (High-Efficiency Cross-Flow Micronebulizer,
HECFMN) - 4cB|1.22%777F » ¢4 5 8 o7 5 2 i fkinig @3 5 uL/min >
P BEFT A05% AW L v R S wmE TAR RIS T
R &R T F 0 S ATI10/40 5 ~ % 3 7 ST AL 3 BRlE
'L i Flpptds B1[36] - TangenfrLund %+ & chficle phst F v &
(MCN-100) p fFec 2 i mg A5 A B SR fFF ~ 5 > L34
M A % F B 3)3.6x10° (plates/m)[37] 5 Taylor% 4 B 85 &
Sficle st 55 0 B (MCN-M2S) # e p ®Wenvg Bopd 4L g 04
BT A B R 2 A Tt plen g R Cd S Cd S “Zne®Znz
WOPR A W] 5 2.09 ~ 3.42 ~ 8.934r9.12 fg[23] - Sonke % 4 E - %
pods 2 snde ek (flow injection) 4% > fe & @ H anf & KP4 A
IR R Rl R ROF A B Rk B2 B Ao Bl 1.23%7 0 o

TTEY TR TR R T R LR S

F ik
:a,g:P Fﬁg » M éﬁ?rl‘L;rl‘LJ‘ilﬁE‘a ‘m? 4 W}ilﬁ-“x”ﬁ E/ 351’5, T“’ VF/FQ ,31/%
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BAEARR ERFFIRETOR Aol EF b cniF R E > 7t ,E—;lz
ER G MR R AR 2 R R IR F 2 247 & [38] © Kuczewskoi
% A A% g £ Micromist AR 30-I-FM02% it % 4 fiz Cinnabar
2o R R e R S B B % kA $9NpO, ~ U0, ~ Las' §r
Thy > & e R A 47w A% ez 4505 A Y #2450 B pHRw
50 ppb[59] © £ LAf B 3 b 2 BT 552 md T AR A g b
T :“ﬁ%%?é%éau 2 F 1 B[8] e CETAC 2 # »2002#& { & 7 F-i 2. £

i TR TR RAB S TR TR KR 5 AR 4o 124507 [39] -
Prange & A i £ gt @& K o & 7 4 fv "% ¢ 2 MLP
(metallothionein-like protein) == &/~ 47 > & ik B g FiE it > 10
8 2 # + 3% ¢ 2_metallothionein (MT) 1% 3 {8 5. » H & o ph ¥ 2
AR Z 30 1.9% 0 @ 7 2 5 1 2 AR EHR R R A ] N 16% 0 3 F
G0 AN F pe E B e [40] A 1STIAM BT P B L o #
;ﬁ.3m5§??7*<3%@Z@%ﬁ@?%?ﬁ@@“ SR O 27 R R
[8]
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A

1.4.1 =3

7~ 1852 & Lowig & = 41 % - B3 47 * £ 4> H {5 Frankland
HU LR EF 2Py Ippss g - A fer ¢ AFF T
& ¥ t&&;’:bb;}nkﬁg% * iR ey t& gg’*”*’ur_193641’

1 AN R U o L Ul N SRRl SR N ]
PO e IRF LI BRIH PR S HE AR R B‘if??nfmk
M EHE > 4ok 1.6 #77[61]c 7 23k BF L2 Rixa ¥
5 od 1955 & 2 B_5000 @ 3] 1986 & e >3k =+ & 42 35000 w2
[62]

B 1970 & > g A E R g B 2 58] (Nucella lapillus)
MW AR NeE A A ERSER o FIFRF ARREFICERL A
L BOoRMK 0 F WA TS 2B S Smith L2 F % R (imposition
of male sex onto females, imposex) * & 5 » 232 EF N3 -7 Ff

BT R G SRR LB A NS ARG SR AL E S S
s d o i A AT FIEL RS 2 F N BRIV A A & Ak
PlEim P L gt R R RE G AP EMLF L2
WA kdrd| b 57~ R 2 o F o Ra F 2 7 S a K
%@%gﬁﬁ%«ﬁ%*’v%ﬁ@4#m¢w¢ N TUSEY
A A A RE R ERIERERE U LA A R AL
BERF PRI B R Y § R 4 R S R PRRME A 4 K AL
BARF 7 F o FET o p 1982 EAe > £ R E B A FI T #
* & vz 7 AT % HL63,64] -

V-6 o8k EPROEREF LSRR - B LG i
4 4 poepsc2 (Estrogenic) # Fuiejfr# (Antiandrogenic) i® % 2
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CEFET R EHAGEREZ I RENET AFEEIREFE T
(environmental Hormone) # &_¢F FJ4£ p & &+ 3 4 B (Endocrine
disrupter substance, EDS) » # 32 P % ~ 3 $ B F - B3 ~ T
CEF S £ R WA E L PPN SR VS
L EHRRAARAE RSB E ﬁ/%ﬁ‘ﬁﬁﬁ‘i FiUER T 2

cF R B AR A A g A A PR 4 Rl
4 7R 251 B R o FHRE B & K A 8P R0 SRR < [65] -

F RESE S WS LIRS R S N Y
s

%
s
el

Fra A Bk E A ey WH RS A P P A
Fo LR TER ML > 5 2 H kG A PEIFERLL
e AREEOT S P AR 2 PG RS T AR R S L 7 R
B E o v > ¥ AT T 1wy A R R
FTraEIE>a oo L Gp Ao g REREIEESAEY
B F s FE AT g Ay B R P

142 F 4451 & 4

L

— kO MF LY RT  RAEST - BRANFT R G
Ba it bhafls B S Sl B LB RS X5 L
T AN GA PRENE RSnXe  HY REAZASFHRA X
%43 > 4o djF ~-OH > -OR -~ -SH~-SR” #£-OOCR’ % in
P4 R 2 B#c 7d - Fle B Fg
7 B fer 5 845 o C-Sn &£ £ WS %
BEENRBI A A AR A R RS A
&7 15 [66] °

"l
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143 & 1+

BRI BA P EF A M A e EERRAL LA
o dtE G end 5o A et | $REF Y BTS2 F BN
Erlka AR o ¥ R BN K A e B
FACT AN A FARS A RIFRS B AL T
WA S > (L & Fend HARSE > 354 RySnX > R,Sn X, > RSnX; 4k
#:@ﬁﬁk&iﬁj%%@%ﬁ;’%Fﬁﬁﬁﬁﬁﬁﬂﬁlqg
2end AR (2 A>T ASEAST ASHASe A>3 ) o Ha
oA @ e 3 e bldow i chz 7 R AL i E b e
FRp s THNKE 2 P BAH R AL G R EE 2 e AR
A F4 85 A 24 3 F[67,068]

144 %477 =

\t\:

BARY P ARt AR B GA LT
fPmecs D JHREZ A PGS T AR Flt 2 2R
PR OB T | A RGE DG WH L EAFAES T
PULERS (EFFHMe— AR EFFBAT T
E- 24 %Htﬁ%ﬁv-@%ﬂﬂiﬁ ERPEDERIFE PGB

L E Y AT Ei A & 04§ 49 K 47 & (gas chromatography,
GC) -~ % 4p %k +7 & (liquid chromatography, LC) £ £ w & T &
(capillary electrophoresis, CE) 45 fe & ;% & the /W Bl B2 (7 2 ~ 2§
R

a. # 1% 17 &
FAPR 1T REEIRE G R Y R TR R R
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PG WA G PR SRR e L ARV
FLHFMERG D G 3 VARG A HPITE o FF G PP
Efenid PIB & 32 ¢ 3 B gk (atomic absorption spectroscopy,
AAS) [69] ~ o + 2T &+ 1§ jp];2 (atomic emission detection, AED)
[70] ~ Mci 34 % = K 3 2 st P2 (microwave induced plasma
atomic emission detection, MIP-AED) [71] ~ X Y&k & 1 jpli2 (flame
photometric detection, FPD) [72]4c R &8 & % Tf; B R[73]% -
Wahlwn % 4 4 %] 12 GC-ICP/MS 4= HPLC-ICP/MS 1 ip|4p Fe 2. J& ik
B $HA KAt RE R B ITA S G 0 A K B Ak
FaExxZ R I A GCICP/MS ff &4 o 2 £ IR T
Lot %t S i 2 8 plHEIEE (0.03 pg, TBT) # HPLC-ICP/MS
%1 2Bk 5[89] -

<=

b. kAR R T ik

ROV AR R AT AR AT A 3 T AR R TR
PERARE MAF A LU T T R F & AT O 3R
- AR B BT i Pl Ak s gy
GitEp o m e plE G ¥k B2 (fluorescence detection)
[74] ~ 3 £ @ pli2 (Ultra-violet detection) [75] ~ & /& 48 & T % &
S SR R[T6] « B AR & TR T R[TT) 0 R R AL i
(electrospray ionization mass spectrometry, ESI-MS) [78] % - Prat & %
LT AR 0 2 ¢ ARSI T LT Ak
B RS HEANE BRE BB TRTHRREZ T BAESE
Fe2 & s 2 BT EF] 40~ 7 fo 1.85 pg s @ B iE R IR
MR R T RE T BHFRESZ BRER o R
(ESI/MS) & 1+ 23] 0012 ng> @ ~ § B E 5307 iE 5
0.02ng- g RiphITRT * KAJ7F & 45> 2 F VL7
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TR R A e TR R it Bh o F)Q T2 g eiE R o

c. £ m*g: T

L mE RAFIE G A YT A A R e SR A
B R BE hitE KB R SRS L CIE S
P2 MR ENE A REREoF R ERIZEIY R Ra o 3
i L AL A 52 L FF R R - R R
iR e 3N i T A 7 o Trojanowicz % 4 12 Benzyltrimethyl-
ammonium chloride (BTMA) ® 5 # F ¢ kB > f* @iz 4 ¢h ki
BliE T2 7 ARAF s = ¢ A =7 Aoz F A BRHEIL
G E 0.16 ~0.24 ~ 0.29 = 0.009 ppm ; F Z ¥ I 1 4p & 47 4 74P
Batry it S5 FM L w2022 AR REY |
PR S K [T79] o F kY EERE Sk E e 1996 #F 1F Sk kg
6-aminoquinoline (6-AQ) » 1 #* F4xF L dpliz A47= 7 A4 ~ =
e R P RAY =7 AP o= FAY > BRERILE LG 18
17~ 15~ 10 f= 8 pM[80] i & f= 1997 &3t 3 & @ 7 4
4-aminopyridine (4- AP)iF 5 # B HF L BT 4 »a-CD #4727 &
B~ R e AR =7 R 7 AP ez F
B4 G RELA BT T 1.6~1051.6~1.4~1.2+17 v 1.9uM[81] *

FIP A Gk FAFRML g AP BE BB TRTHR
AT eI AP 2 vf&é’ﬁ%ﬁ- PR R B AP R S 84

S TEUEES PR
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W AEBERAB K PP 5 E § -k ¥ 5 (liquid-liquid
extraction, LLE) ~ #]4p % B~/ (solid-phase extraction, SPE) {v ' 4p ik
% P+ (solid-phase microextraction, SPME) %

PR ARG BAAE B ERE 2 AT 5
Mk BEAREVRGE YR EFE AL P RERY X
£ 53 A - Wilken & 4 TR I B2 9 AJE 2 50 (A
ZRET 0 B2 v F L 76~94%) 0 £ J1* GC-AAS A B 1§
146 B Elbe river ¥ 277k ~ Ak ~ g lmsi{es § ¢ hj L
oo & 47 5 2 AA[84] - Hobo & A R 12 GC-MS e - 352 if
A G I = s &ﬁ%rg FIRAT > o wmp1E 8.83 4r 111
ppt > @ Z B2 wyrF Y 90%:4 F [85] o

b. HipF B2

AP E PR EAI A1 L e T T R N ehF4p F e
Flosiand 2 FRP B S E R g R A
FeraoqanFE Ry o LE FLESEE B P o &ggg;;%ﬂffg@@

ri REATHEE R N o Prat 3400 Cg 5 Pf 55~

Aok 2 G AT S g AR 2 AR K AT R R R R B
Bl BT RIE ppt R G WHFLF > FEF L w'z:’;
68~100%[86] % & » Prat % A { % & 4} LLE-SPE 2_ ## 5% &J2 =
R DR LR A R A v K e LRI B WR] R 23
P& £ T pg/g 2 K s fe d Y FT B BB Fe o WS
G- X 2487
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c. FApHE B

FAEPZ IR IR Y - KR R AT HIALSER
(fiber) kEFB~A 454 0 B~ F P RBE RS~ ¥R - H 3
WITHE > EHPGY FPo0FE o Gac B A TR FARME B
fe & 48 & 17 &k I 2 PFPD (pulsed flame photometric detection) i iB] 7
WP 18 dP] A3 4G BHF T L5 DY LT
Afex ROk 2 L R LY R E 0.25~125 ppt[88] ©
Lespes & 4 14 GC-ICP/AAS 4 475 845 (4 & 5 T vb fR -k & 4772
FrRAPACEBE A 52 02 0 FIRRE Y RREERZ S PRI A
20~80 ppt ; e F i@ * B AP E B2 o PHERSIE E FI=X oppt B &
2R E[90]
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Table 1.1 Scan mode of the double focusing mass spectrometer. [60]

i T o S
B E -V B -+ 3
V B »E & o F A 33V scan
EZ
E >V B » — i T
\Y
B SR
B »E vV E i ok <+ 33 Linked Scan
82
B -E V o = NS 4+ 21 3 Linked Scan
2
B E B (IIE;E) &9 & ¢34 Linked Scan
E V > B E 3 33 MIKES
B > E V » B’E 3 2+ &+ Linked Scan
VvV
B » E 3 ¥ 4 F 4 Linked Scan
2 reE
B-(1- )
2V
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Table 1.2 Interferences occur from gas or matrix. [60]

Ion m/z value Overlap with (% natural abudance)

N, 28 2gi* (92.2)

NO* 30 30gi* (3.1)
0, 32 329" (95.0)

34 Mg* 4.2)

ArH" 39 K (93.3)
41 e (6.7)

ArO" 52 2crt (83.8)
54 ert (2.4)

54 MFe’ (5.8)

56 Ope” (91.7)

58 NI (68.1)

Ar," 72 Ge" (27.7)
74 Ge" (35.9)

76 bGe* (7.4)

76 Tog¢" (9.4)

78 8Se” (23.8)

80 get (49.6)

Table 1.3 Interferences occur from inorganic acids. [60]

) Overla
Acid Ion m/z value with P (% natural abudance)
HNO3 AIN' 54 er' (2.3)
54 MFe” (5.8)
HCl > HCIO; CIO" 51 Sy (99.7)
53 Scr 9.6)
ArCl 75 PAs” (100)
77 7Se" (7.6)
H2 4 Ti 74.
SO SO* 48 it (74.0)
49 Oyt (5.5)
50 OTi* (5.2)
50 Ocr (4.3)
SO," 64 64zn" (48.9)
64 SINi* (1.2)
65 SCu” (30.9)
66 667n" (27.8)
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Table 1.4 Comparison of nebulizers used in CE-ICP/MS applications. [8]

Nebulizer Gas flow-rate (L/min) Sample uptake Transport efficiency Reference
Operating at convention flow-rate
Conventional concentric Normal 1 0.5~4 ml/min 1~2% [17, 18, 34]
Cross flow 0.5~1.0 1~3 ml/min 1~4% [41]
Ultrasonic 0.5~1.5 0.5~2.5 ml/min 20% (1 ml/min), ~100% (low flow) [31, 32]
Operating at low sample flow
HEN 1 10~1200 uL/min 10~20%, (50~60% at 11 pL/min) [22, 42]
DIN 1 100 pl/min Close to 100% [29, 30]
DIHEN 0.25 85 uL/min Close to 100% [41]
OCN 1 1~2000 puL/min Close to 100% (lowest flow-rates) [20, 42, 43]
MCN 1 10~50 uL/min Close to 50% [21, 23, 25, 26, 34]
Modified 0.58 5.6 pL/min [44]
Microconcentric 0.8 1~15 pL/min [45]
0.9~1.1 50 or 100 uL/min [27]
0.6~1.2 6 uL/min [46]
Coaxial sheath flow
[47]

4 uL/min
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Table 1.5 Applications of CE-ICP/MS in elemental speciation analysis. [8]

Element Species analyzed Instrumentation Reference
As As(Il), As(V), DMA, MMA Lab built CE, Baird PS-4 ICP/OES [48]
As As(Il), As(V), DMA, MMA, AsB Waters Quanta 4000 CE, VG plasma Quad II STE [21]
As As(IIl), As(V), DMA, MMA, AsB, AsC HP *° CE, HP 4500 ICP/MS [34]
As, Se As(I), As(V), DMA, MMA, AsB, AsC, Se(IV), BioFocus 3000 CE, Elan 5000 ICP/MS [49]
Se(VI), Selenocystamine, Selenocystine,
Selenomethionine
As, Se As(IIl), As(V), DMA, MMA, Se(IV), Se(VI) ISCO 3850 CE, HP 4500 ICP/MS [29]
As, Se As(Ill), As(V), DMA, Se(IV), Se(VI) [SCO 3850 CE, PlasmaQuad II Turbo(VG Elemental) [32]
As, Se As(II), As(V), MMA, DMMA, Se(1IV), Se(VI) Dionex CES-1, Hydride generation, HP 4500 ICP/MS [50]
As, Se, Sb, Te  As(Ill), As(V), DMA, MMA, AsB, AsC, Se(IV),  HP *” CE, Element, Finnigan MAT(SEMS) [19]
Se(VI), PA, Sb(V), Te(IV), Te(VI)
Se Se(IV), Se(VI), Selenocystamine, GSSeSG, BioFocus 3000 CE, Elan 5000 ICP/MS [51]
Selenocystine, Selenomethionine
Se Se(IV), Se(VI), Selenocystamine, Selenocystine, Waters Quanta 4000 CE, Elan 6000 ICP/MS [30]
Selenomethionine
Cr Cr(IIT), Cr(VI) Brandenburg alpha III 3807(High Voltage Power [45]
supply), Elan 5000 ICP/MS
Cr Hydrolytic polymerization products of Cr(1II) Spellman CZE-1000R(High Voltage Power supply), [52]

Elan 6000 ICP/MS
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Table 1.5 (continued) Applications of CE-ICP/MS in elemental speciation analysis. [8]

Element Species analyzed Instrumentation Reference
Hg Hg( I ), methyl- and ethyl mercury Unicam crystal 300, HP 4500 Finnigan Mat(DF) [53]
Hg Hg( I ), methyl- and ethyl mercury Spellman CZE-1000R(High Voltage Power supply), [25]

Elan 5000 ICP/MS
Au Au(1Il)-histidine complexes Bertan high voltage supply CE, Elan 6000 ICP/MS [54]
Cd, Zn Metal complexes with Metallothionein Isoforms Prince crystal 310 CE, VG plasma Quad(PQ II Turbo [23]
[&1 Plus)
I Iodode, iodate, thyroxine, triitodothyronine Biofocus 3000(Bio-Rad), Elan 5000 ICP/MS [55]
Pt Pt(II), Pt(IV) Biofocus 3000(Bio-Rad), Elan 5000 ICP/MS [56]
Co Cyano, hydroxo, methyl, 5'deoxy-adenosy! Bertan high voltage supply CE, Elan 6000 ICP/MS [57]
cobalamin species and cobinamide dicyanide
Sb Sb(1) tartarate, Sb(V), (CHz);Sb*" Biofocus 3000(Bio-Rad), Elan 5000 ICP/MS [58]
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Table 1.6 Agriculture and industrial applications of organotin compounds.

[61]
Application Function Organotin compounds
Agricultural chemical Fungicide Triphenyltin acetate
Insecticide Triphenyltin hydroxide
Miticide Tricyclohexyltin hydroxide
Antifeedant Fenbutain oxide
Moth proofing of textiles  Insecticide Triphenyltin chloride
Antifeedant Triphenyltin hydroxide
Antifouling paints Biocide Triphenyltin chloride
Triphenyltin fluoride
Bis(tributyltin) oxide
Tributyltin chloride
Tributyltin fluoride
Wood preservation Fungicides Bis(tributyltin) oxide
Tributyltin naphthenate
Tributyltin phosphate
Material protection Fungicides Bis(tribytyltin) oxide
(stone, leather, paper, etc.) Algicide Tributyltin Benzoate
Bacteride
Disinfection bacteriostat Tributyltin Benzoate

PVC stabilization

Stabilization against
effect of heat and light

Dialkyltin di-isooctylthio-
glycolate (alkyl = methyl,
butyl, octyl)

Polyurethane foams and

Monogeneous catalysis

Dibutyltin diacetate

RTV silicones Dibutyltin dioctoate
Dibutyltin dilaurate
Esterification Monogeneous catalysis  Dibutyltin diacetate
Dibutyltin oxide
Poultry management Anthelminthic Dibutyltin dilaurate
Glass treatment Precursor for tin (IV) Dimethyltin dichloride
oxide films on glass Methyltin trichloride
Butyltin trichloride
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Fig. 1.1. Velocities in the presence of electroosmotic flow. The length of the arrow next to an ion indicates the magnitude of
its velocity; the direction of the arrow indicates the direction of motion. The negative electrode would be to the right, and

the positive electrode to the left of this section of solution.
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Fig. 1.2. Schematic of a capillary electrophoresis system.
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Fig. 1.3 Schematic of an ICP/MS system. Dotted lines show introduction of gaseous samples; solid lines show introduction
of liquid samples. [7]
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4 Nebulizer gas flow r

A, Concentric Nebulizer B. Cross flow Nebulizer
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Liguid sample

Introduction '\\ ~ Outlet to plasma torch
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Flezoelectric * Drain
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Fig. 1.4 Different types of nebulizers. [8]
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Intermediate gas

Make-up gas

Nabulizer gas

Fig. 1.5 Schematic diagram of a direct injection nebulizer (DIN). [9]
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Fig. 1.6 Schematic diagram of a spray chamber.
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Fig. 1.7 Schematic of ICP torch, gas flow and the induced magnetic field.

[10]

40



H He
0.l M* 0

' () 100%

Li Be / B c N o] F Ne
100 75 58 5 0.1 0.1 9% 10~ |6 x i0-
Na Mg Al Si P S Cl Ar
100 98 98 85 33 14 09 0.04
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
100 99 (1) 100 99 99 98 95 96 93 9l 90 75 98 90 52 33 5 06
Rb Sr Y Ir Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
100 96 (4) 98 99 98 98 9% 94 93 93 85 99 96 78 66 29 8.5
Cs Ba La Hf Ta w Re Os ir Pt Au Hg Ti Pb Bi Po At Rn
100 91(9) | 300 98 95 94 93 78 62 51 38 100 97{0.01) 92

Fr Ra Ac

Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu

98(2) | 90 (Il_J) 99 97(3) 100° 93(7) 99° 100° 99° 91 (9) | 92(8)
Th Pa u Np Pu Am Cm Bk Ct Es Fm Md No Lw
100° ilig
M+2
X 1009
( M+2 + M+ + M ) /0

Fig. 1.8 Calculated values for degree of ionization (%) of M" and M*" at T; = 7500 K, n. =1 x 10" cm’. [11]
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Fig. 1.9 Ionization efficiency of elements at 6680 K.
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Fig. 1.10 Nier-Johnson design of a double-focusing mass spectrometer.
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Fig. 1.11 Schematic diagram of a reverse Nier Johnson geometry double focusing mass analyzer.
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Make-up

Electrolyte
B
capillary capillary
A [ Make-up \
Electrolyte P Nebulizer

capillary

N\

Tube

ICP torch
X

Nebulizer /
spray chamber,

gz e

|

Ground —=
connection ‘

IIIIIIII!!IIIII[IIII!II!IIIIIII/IIIFIII!IIIFII]II|

I Argon gas
| controller

Fig. 1.12 A typical tee union interface. The outlet of the CE capillary is
taken out of the system and threaded through the collinear ends of the
cross and it is tightly sealed with the ferrules. The other arms of the tee
are connected to a tube for the make-up solution and to a platinum
electrode. An alligator clip is used to connect the platinum electrode at
the tee interface to the power supply , thus providing a complete electrical
circuit by conduction through the make-up solution to the tip of the CE
capillary. [12]
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Fig. 1.13 Diagram of interface between the electrophoresis capillary and
the concentric, pneumatic nebulizer was designed by Olesik et al. [17]

Meinhard Teflon Stainless Steel
Nebulizer Union Tee  Swagelok Tee
Outer Fused Silica
Capillary
18 mm 0Omm
—_—

Stainless
Steel
Tubing

Stainless
Steel
T Union
Nebulizer Gas
Teflon
Tubing

L- Make-up Liquid

Fig. 1.14 Detailed view of the CE-nebulizer interface was designed by Lu
et al. [18]
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Cooling Water Cooling Water f T
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Fig. 1.15 Schematic diagram of the CE-ICP interface was designed by
Deng et al. [24]

Makeup Liquid
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Nebulizer Gas Port
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Sheath Flow Buffer

__,%_ &
= | i _\ To Scott

Analyte Flow

B——

To CE System Teflon Tubing \ / Spray Chamber
Separation Capillary
Outlet o
Cross Connecter Polyimide

Nebulizer Capillary

Microconcentric Nebulizer
(MCN)

Platinum Electrode ( Ground )

Fig. 1.16 Schematic diagram of the CE-ICP interface was designed by
Lee et al. [25]
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Fused Silica Capillary (50 umi.d.)

Stainiess Steel
Meinhard

HEN Nebulizer
D ] ::| l:: ) l ::I b—— 457em —

[ = |

Teflon Union \_ Argon Inlet

Stainless _-": I—I ~1.8 mm

\Steel Tubing

Peristalic Pump Tubing
(0.19 mmi.d.)

i HEN SB-30-A3

Union

Fig. 1.17 Diagram of interface between the electrophoresis capillary and
the concentric, pneumatic nebulizer for CE-ICP/MS was designed by
Olesik et al. Insets show position of end of capillary inside nebulizer for
HEN and SB-30-A3 nebulizer. [22]

electrophoresis capillary

buffer maleup
electrolyte electrolyte

Fig. 1.18 Diagram of interface for coupling capillary electrophoresis to
inductively coupled plasma spectrometry was designed by Mei et al. [26]
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liquid

DIN sample

PEEK cross introduction capillary
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CE capillary &
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\ Nebulizing gas

Fig. 1.19 Block diagram of the CE-ICP/MS was designed by Liu et al.
[29]
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electrode
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# « Outer Fused
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Transducer ," —  To Desolvator

Drain

Fig. 1.20 Diagram of the CE-ICP/MS interface with ultrasonic nebulizer
was designed by Lu et al. [31]
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Fig. 1.21 CE-ICP/MS schematic was designed by Day et al. [21]

(C‘fln) - Mierobore Tygon Tube
_ | Makeup Soluti PEEK Cross Fitting
S

Power Supply

CE Capillary

~ ~

|
HECFMN Sample L
Delivery Tubing-~ < }jf

0+ - - - - f_
' Buffer/
Sample
A - “
HECFMN Capillary

_5_—%"

Iron Bar with
Scales HECFMN

Spray Chamber To. IC-I-’

Fig. 1.22 Diagram of a CE-ICP/MS system using the HECFMN interface
was designed by Li et al. [36]
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Fig. 1.23 Schematic diagram of CE-ICP/MS interface was designed by
Sonke et al. [38]

Fig. 1.24 CETAC Technologies — CE-100 capillary electrophoresis
interface.
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4
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P

20 RERA
2.1.1 £ “H‘J? A (FH%RF P (T

1. R+ iREH

2. wihEkE (Power supply): Spellman RMP 300 %] > Spellman High
Voltage Electronics Plainview, NY, U.S.A. o

3. %1 (Electrode) : v £ 7 & °

4. * g (Capillary) : Fused-silica capillary » 50 pm id x 360 um od -
Polymicro Technologies Inc., Phoenix, AZ, U.S.A.

212 B8 & T R

. @ B & 7 J]*i ¥ % % (Inductively Coupled Plasma Mass
Spectrometer) : Thermo Finnigan Element2 » Finnigan MAT, Bremen,
Germany o

2. F % (Nebulizer) : #& &> B~i# 5 20 uL/min > PFA # 5

3. PR FVFE E (Sampling cone and skimmer cone) - ¢ £ {4

4, Fi F WM BHREF > ZABFHT o

2.1.3 % @ $%{> (Interface)
1. +FAl# &% (PEEK four way cross union) : P-729 and P-730 -
Upchurch Scientific, Oak Harbor, WA, U.S.A. -

2. g3 ¢ (PEEK tubing): Orange- 0.5 mm id x 1.6 mm od » Upchurch
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Scientific, Oak Harbor, WA, U.S.A. -

3. =R (PEEK finger tight fitting) : F-300 > Upchurch Scientific, Oak
Harbor, WA, U.S.A. -

4. = = K (Valve): Valve LP HV 3-2 » Hamilton Company, Reno, NV,
US.A. -

2.1.4 ¥k k%

Milli-Q system » Millipore, Bedford, MA, U.S.A.
2.1.5 By 23N

Ot T R A 2 A AL o B R R R E DA
S o FP 0 AP R L S A 8 (SCST®) kR FAE A e 1T

R A 2 TR T sk £ S AT
;}7%,\ 0
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10.

11.

? A% : Methanol - MERCK, U.S.A. -

i ik * Acetic acid > Sigma, U.S.A. °

fif f£ 4% © Ammonium acetate * MERCK, U.S.A. -

TRIZMA® BASE : Tris(hydroxymethyl)aminomethane ° Sigma,
US.A. -

TRIZMA® Hydrochloride : Tris(hydroxymethyl)aminomethane
hydrochloride > Sigma, U.S.A.

= " &7 ¢ Dimethyl sulfoxide, DMSO > 78.13 » 99.5% > Riedel-de
Haén®, US.A. -

F v = 7 A4 ! Trimethyltin chloride, TMT » 199.25 » Aldrich,
US.A. -

% v = ¢ A4 : Triethyltin chloride, TET - 241.33 » MERCK,
US.A. -

F 1 = p 4%  Tripropyltin chloride, TPT » 283.41 > 98% > MERCK,
US.A. -

% it = 7 47 ! Tributyltin chloride, TBT > 325.49 » 97% > MERCK,
US.A. -

F it = ¥ A 47  Triphenyltin chloride, TPhT > 385.46 > 95% > Aldrich,
US.A. -
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231 Bt %
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Table 2.1 The prescription of acetate buffer. The volume of acetic acid + the volume of ammonium acetate, then diluted to a
total of 20 mL with water.

pH Value 0.2 M Acetic acid (mL) 0.2 M Ammonium acetate (mL) Ion concentration (mM)

3.6 9.26 0.74 100

4 8.2 1.8 100
4.6 2.55 2.45 50
4.6 3.825 3.675 75
4.6 5.1 4.9 100
4.6 6.375 6.125 125

5 2.96 7.04 100
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Table 2.2 Plasma parameters.

Parameter Value (Range) Unit
Resolution Low, Medium, High

Focus offset 30.00 (0 to 100) %
UaUb 1.390 (-2.5 to +2.5) %
Cool gas 16.00 (0 to 18) L/min
Aux gas 1.05 (0 to 2) L/min
Sample gas 0.965 (0 to 2) L/min
Additional 1 0.000 L/min
Plasma Power 1200 (500 to 2000) Watt
Extraction -2000.0 (0 to -2000) A%
Focus -856.0 (0 to -1600) \Y
X-Deflection 1.30 (-40 to +40) \Y
Y-Deflection 4.70 (-40 to +40) \%
Shape 100.00 (0 to 200) A%
Rotation quadrupol 1 2.30 (-16.to0 +16) A%
Rotation quadrupol 2 5.50.(=16 to £16) A%
Focus-quadrupol 1 2.00 (-16 to +16) \Y%
Focus-quadrupol 2 0.00 (-16 to +16) \Y
MATSUDA-Plate 51.43 (0.to 250) A%
SEM-Deflection -376.00 (-500 to 0) A"
SEM 1650.0 (0 to 3000) \Y
Guard Electrode Yes

Add. 2 / GD Gas Flow 0.000 L/min
Torch X-Pos. 4.200 mm
Torch Y-Pos. 1.900 mm
Torch Z-Pos. -5.000 mm
Peri. Pump Speed 5.00 rpm
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Table 2.3 Fixed parameters in discussing the setup conditions of the CE-ICP/MS interface.

CE conditions

Lab built

Capillary

Buffer

Applied voltage
Sample injection

Sample

Fused-silica capillary, 50 cm, i.d. 50 pm, o.d. 360 um

Tris buffer, 50 mM, pH 8.5
20 kV

30 cm/ 20 sec.

10 ppm DMSO

ICP-MS parameters

ICP-MS

Nebulizer

Spray chamber

Sample and Skimmer cone
Resolution

Detection atom

Thermo Finnigan Element2
MicroFlow PFA Nebulizer
PFA spray chamber

Pt

Medium (4000)

32g

Interface

Introduction of make-up solution

Self-aspiration and hydrostatic pressure
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Table 2.4 Fixed parameters in discussing the conditions of determining the triorganotins by CE-ICP/MS.

CE conditions Lab built

Capillary Fused-silica capillary, 50 cm, i.d. 50 pm, o.d. 360 pm
Buffer Acetate buffer

Applied voltage 20 kV

Sample injection 30 cm / 30 sec.

Sample TMT, TET, TPT 0.3 uM and TBT, TPht 1 uM
ICP-MS parameters

ICP-MS Thermo Finnigan Element2

Nebulizer MicroFlow PFA Nebulizer, 20 plL./min
Tubing length of nebulizer 5cm

Spray chamber PFA spray chamber

Sample and Skimmer cone Pt

Resolution Medium (4000)

Detection atom %S and '*Sn

Interface

Thru-hole of the cross union 1.25 mm

Make-up solition 0.1% HNO3(qq)

Introduction of make-up solution Peristaltic pump, 5 rpm
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Power
Supply Malce-up
q H solution
Neparation
g 3 %| Capillary
Sample Buffer
CE

Skimmer MMagnetic Sector Field
Sampler
Nehulizer |—J - ‘
f

Spray Torch _ ,})
Chamber L
Electric Sector Field
ICP Sector Field-MS

Fig. 2.1 Schematic diagram of CE-ICP/MS with introducing the make-up solution by self-aspiration and hydrostatic

pressure was designed by Hsieh’s Lab.
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Peristaltic Pump m
!

Skimmer MMagnetic Sector Field
S].:'uu*"malr ] Sampler -_F__
o 5 + Make-up H S 2] \"
solution p— J{’ g *_
Separation + o s (
? %| Capillary Spray Torch . /)})
L:_J Chamber L\
Sample B;]ffEl"
Electric Sector Field
CE ICP Sector Field-MS

Fig. 2.2 Schematic diagram of CE-ICP/MS with introducing the make-up solution by peristaltic pump was designed by
Hsieh’s Lab.
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Table 3.1 Comparisons of two cross unions with different thru-hole.

Thru-hole (mm) Migration time (sec) Peak area (counts) Half-width (sec)
0.5 361.81 392419.67 35.75
1.25 349.24 403254 29.76

Table 3.2 The optimized conditions of CE-ICP/MS interface.

Cross union

Thru-hole 1.25 mm
Make-up solution

Kinds 0.1% HNO3 (4
Height 0 cm (Adjustable)
Nebulizer

Flow rate 20 pL/min
Tubing length Scm

Capillary

Inserting into PEEK tubing 9 cm (Adjustable)
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Table 3.3 The optimized conditions of determining triorganotins by CE-ICP/MS.

CE conditions

Lab built

Capillary
Buffer
Applied voltage

Sample injection

Fused-silica capillary, 50 cm, i.d. 50 um, o.d. 360 um

Acetate buffer, 100 mM, pH 4.6
20kV
30 cm / 30 sec.

ICP-MS parameters

ICP-MS Thermo Finnigan Element2

Nebulizer MicroFlow PFA Nebulizer, 20 pL/min
Tubing length of nebulizer Scm

Spray chamber PFA spray chamber

Sample and Skimmer cone Pt

RF power 1200 watt

Resolution Low (300)

Detection atom 120Sn

Interface

Thru-hole of the cross union 1.25 mm

Make-up solution
Introduction of Make-up solution
Capillary insert to the PEEK tubing

0.1 % HNO3(yq)
Peristaltic pump, 5 rpm

6 cm
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Table 3.4 Regression equation and R” of the 5 triorganotins.

Triorganotins Regression equation R?
Trimethyltin chloride y =4016052.24x + 115460.15 0.9927
Triethyltin chloride y =5303679.93x — 54558.38 0.9997
Tripropyltin chloride y =4337159.54x + 18041.38 0.9992
Tributyltin chloride y =3557341.00x — 861961.89 0.9918
Triphenyltin chloride y =2672962.85x —244119.42 0.9994

Table 3.5 Average migration, reproducibilities of migration time and peak area, and the detection limits of 5 triorganotins.

Triorganotins Migration time (sec) Migration time (RSD, %)* Peak area (RSD, %)* LOD (nM)
Trimethyltin chloride 229.30 217 1.00 1.79
Triethyltin chloride 245.63 1.05 2.04 2.13
Tripropyltin chloride 264.46 1.68 2.33 3.36
Tributyltin chloride 292.70 1.08 1.95 5.24
Triphenyltin chloride 324.32 1.76 2.68 9.68

a=7
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Fig. 3.2 Electropherogram of DMSO with different thru-hole of cross union

as (a) 1.25 mm and (b) 0.5 mm respectively. Other conditions are the same as
those in Table 2.3.
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Fig. 3.6 Effects of tubing length on the (a) migration time and (b) the half-
width of DMSO. Other conditions are the same as those in Table 2.3. (n = 3)
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Fig. 3.7 Electropherogram of DMSO with different depth of the capillary
inserting into the PEEK tubing as (a) 9; (b) 6;(c) 3; (d) 1; (e) 0 cm,
respectively. Other conditions are the same as those in Table 2.3.
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determining S instead of *’Sn. Other conditions are the same as those in

Table 2.4.
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Fig. 3.10 Schematic diagram of introduction of make-up solution by peristaltic pump was designed by
Hsieh’s lab.
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triorganotins and DMSO; (a) pH 5; (b) pH 4.6;(c) pH 4; (d) pH 3.6,
respectively. The bold solid arrow means the initial of determining S instead

of '2°Sn. Other conditions are the same as those in Table 2.4.
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The bold solid arrow means the initial of determining S instead of '*’Sn.
Other conditions are the same as those in Table 2.4.
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Fig. 3.16 Effects of the depth of the capillary inserting into the PEEK tubing
on the separation of triorganotins and DMSO; (a) 9; (b) 6;(c) 3 cm,
respectively. Other conditions are the same as those in Table 2.4.
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Fig. 3.17 Electropherogram of a standard mixture of 5 triorganotins with the
optimized conditions of CE-ICP/MS as in Table 3.3. The concentrations of
TMT, TET and TPT were 50 uM, and the concentrations TBT and TPhT were
250 uM.
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Fig. 3.18 Electropherogram of triorganotins at different concentration. The
concentration of TMT, TET, TPT and TBT, TPhT are: (a) 0.05 and 0.25; (b)

0.1 and 0.5; (c) 0.25 and 1.25; (d) 0.5 and 2.5; (e) 1 and 5 uM; respectively.
Other conditions are the same as those in Table 3.3.
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Fig. 3.20 The study of reproducibilities of CE-ICP/MS with the optimized
conditions shown as in Table 3.3.
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Fig. 3.21 Electropherogram of the sea water from Nan-Lieu Harbor : (a)
unspiked sample ; (b) the sample spiked TMT, TET, TPT 0.1 uM and TBT,
TPhT 0.5 uM. Other conditions are the same as those in Table 3.3.
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