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Abstract: The determination of inorganic anions by capillary zone electrophoresis is reported. A ten

component synthetic mixture of anions of bromide, chloride, fluoride, nitrite, nitrate, sulfite, sulfate, per-

chlorate, chlorate and chlorite was separated by the capillary column and detected by indirect UV method.

The running buffer contained 5 mM ammonium dichromate, 10 mM ammonium acetate, 20 mM diethy-

lenetriamine, 10% methanol solution at pH 9.3. A potential of 15kV at the cathode (reversed polarity)

was utilized for the separation of inorganic anions. A complete separation of anions was achieved in less

then 10 min and the applicabilities of the method for the analysis of real samples was demonstrated. We

compare the concentration of anions in toluene inhaled humen's urine and in postmortem bloods obtained

by capillary zone electrophoresis and ion chromatograph.
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Fig. 1. Capillary electrophoresis instrumental system.

2 ICE ol&sky 9ler}, nitrate, perchlorate,
chlorate®] EA1 -4 A £2]5o] F2] %43 retention
timeo] H]&=ate] 7} o] &-5-8 &lsh=d] ol#go] 9l
o], vlgk A|ge $4A] AZRe- 71tk (injection 9k
50 pL). 1B R off] A 83l capillary
electrophoresis(CE) & 'H&}eaiql Sdidl #-8-3}7]

5le] CEE o]& Lol&go uxxre salsin
2} sksdeh.
CE+ 19794 Mikkers o] 2% teflon tube®

o] &-3le] X§ sibslglom, 1980t Fubol ARE
st=lo] B Arh A= 9, T Felsy)
£ ¥4 %(1~30 min), #A#e] A H(pg nl), &
o] Aof an, mAZ g AEr]e S5 uet 3}
W7 okl A48 5 9l AHE Zod, CE9

718 RAEE Fg 1d] Llehgic)

CE+ capillary column®] 57 % Hol, AHg-5}=
running buffer?] W3}, HE719 £5F we} or-
ganic acids,® carbohydrates,’ catecholammes, pep-
tides,” proteins,'” oligonucleotides,'! DNAY & At}
Fap ot ozl okol @ g o] Hels P
A7 Fofell A Fg= 5 glvt

CEol| ojgk 242 dubd o2 Alg-x= 4717

uh el fused silica capillary® A8 capillary
zone electrophoresis(CZE),"™" AW & AE o] &
3l micellar electrokinetic capillary electrophor-
esis(MECE),'™® 544 (pD& o] -4 F2 whulal 9]
B4l AH2-E]E isoelectric focusing,” z2]3 24|
T e 5YEAR #2047 2183 capillary
gel electrophoresis®*' 5-0] g1, &)l += capill-
ary 2] functional group< WEHAA F4e] o]
S5 wh = AR gl

2o]2 H]o| Takashi Kaneta $%& cationic

surfactant?l cetyltrimethylammonim chloride
(CTAC)E °]% MECE #'H 2.2 bromide, nitrate,
Felsteda, Yinta Magt
Rulin Zhang®< bromide, chloride, nitrate, sul-
fateE #=2]3tsich. =& Victoria Gonzalez 542
CTAC#} dithiobis(2-nitrobenzoic ol g
¢yanide, sulfide, sulfite® %-2]8}9l.2v, Thormas
G. Huggins®} Jack D. Henion™& HgRA7]|E 7
27|82 A3k CEE o]4-3}o] bromide, chloride,
nitrite, nitrate, thiosulfate, azide, thiocyanide, sul-

bromate, iodide, iodateE

acid) &

fate, selenate, oxalate, molybdate® *-2|&}¢lc}. 2
2] i Kelly A. Hargodon®} Bruce A. Hargadon™&
CES} ICE ©|% F4E ARt Lol &g F-2]s}e]
v] s}l o},

¥ odol4+= Thormas G. Huggins®} Jack D.
Henion™2] ¥h& 7§Ad8te] running buffe® 5
mM ammonium dichromate, 10 mM ammonium
acetate, 0.02M diethylentriamine(CETA), 10%
methanol 444 (pH 9.3)% °o]&sld CZE®} in-
direct UV detection ¥ 2 2 go]2-& ¥Aslsic)
CZESA Fol 258 FA3l7] $13 A9 8427
& #glstr] 9isted DETAS Fx'(0.01~0.1 M),
capillary columnell ZolF+ Hstake] WsH(10~25
kV), AH8-8= running buffer®] pH H3HpH 7.8~
11.3)el w2} gol& #A435te] BAzds shglsl
Ar}, o] A3E wlgle g Z} o] &L gt re-
gression¥ detection limit& Ao 28 YA 5

ol foleel Hegol TPssts shelon, o Hab
IColA 713 BAlol #2l5lt fluorides] ¥4o]
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Felstsdct wgt o] FubE-g o] 83l £, x, ¥
o, FUE 2 FellM 4 A3 109} Hliﬂ i
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2.1. 7|17| ¥ 7l

2.1.1. Capillary electrophoresis

Model 270A-HT(high troughput capillary elec-
trophoresis system, applied biosystem, U.S.A.)3}
Model 270A-HT softwared AHE-3lglow], LA
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Tabie 1. The conditions of capillary zone electrophoresis

Analysis mode
Column

Capillary zone clectrophoresis (CZE)
Untreated fused silica capillary tube
(ID 50 pum X 72 c¢m)
5 mM ammonium dichromate,
10 mM ammonium acetate,
0.02 M diethylenetriamine,
10% MeOH (pH 9.3)

Running buffer

Voltage Negative 12~18 kV
Injection Vaccum 5 mmHg for 2.5 sec
Detection Indirect UV detection (254 nm)

Chamber temperature 30°C
Injection vol. 10 nL

Table 2. The conditions of ion chromatography

Detector Conductivity

Column HPIC-AS,

Eluent 2.8 mM NaHCOy2.2 mM Na,CO,
Flow rate 1.0 mL/min

Suppressor AMMS

Regenerant 12.5 mM H,S0,

Injection vol. 50 pL

AYEAL Table 191 Yeblid®, HE71= model
9176 recorder(Varian)& ©)-8-3}5Jc}.

2.1.2. Ion chromatograph

High performance chromatograpic system
(Dionex 2000i Ion Chromatograph) ¥ conductiv-
ity detector® Alg3lgion, A A¥EZ-
Table 201 el 3, 7Z&7|+ C-R3A chromato-
pac(Shimadzu)& AH8-3leir}.

2.2. Alek

Ammonium dichromate, ammonium acetate, DETA
= sigma CoAE AHE3tadi, 18] A& Aleke
Sigma] = epAle] EFAJeRE bl 25
22 sodium bromide, sodium chloride, sodium ni-
trite, sodium nitrate, sodium chlorate, sodium per-
chlorate, sodium sulfate, sodium sulfite, sodium flu-
oride ¥ sodium chloritet SFAIkS Al4-5lo] go|
24E o] gol29] %yl 1000 ug/mL &Ho g
abEo} ATtz AR off B4 sle] AME-stg )

2.3. Al dA2|
A89 )= F 2 a2 0.22 pm filter(Millipore)
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2 ol F Dol 4w e 34ate] ALeslyl
o], tlorjulo]l B ol 2l ¥ (.22 um
filter o154t & A4k B4atol Abgaisich. wah
o2 go| &2 108 Mg F dialysis mem-
brane filter(Gottingen collodion bag, Satorius)i

ofshele] Aok Hl4sje] ALasr),

24. 22} 3 e

Column< untreated fused-silica capillary(2o]
72 cm, 27 50 pm)E AHE-slH 2™, UV detector
7449 4 Aol 62 cmdlrh. AR o) F ¥ Eal=
Aat& cathodeol 12~18 kVE HelFgl o, buff-
er2 5mM ammonium dichromate, 10 mM am-
monium acetate, 0.02~0.04 M DETA, 10%
methanol(pH 9.3)& AH&-3t9 CZE$} indirect UV
detection®.2 ZA3lglc} $o]-& F2]ola] UV-ab-
sorbing species® A}8-3 chromatet> 254 nmell4]
4ol €9 indirect UV ZEE 71534 sl
DETA<%: electroosmotic flowd Wae] FE8 Lo
259 Beles A Fot

3.3 ¥ IR

31. 80|82 ¥4

3.11. 0|2 B2

CEE o]4 indirect UV detection {22 gol
22 E=2]% electropherograms Fig. 2ol vehig]
t}h Eels Table 18] 2718 AH83l9l o, N8R &
o] 10&(bromide, chloride, nitrite, nitrate, per-
chlorate, chlorate, sulfite, sulfate, fluoride, chlor-
ite) 2.8 FX+= chloride, nitrite, fluoride, sulfite,
sulfate, 10 ppm, chlorite 20 ppm, bromide, nitrate,
perchlorate, chlorate 30 ppmel%ith. A8 F4l&
capillary columnell 2.5%& ¥}t &0 2, A R7F]le
£ 10 nLgew, ¥2l& cathodeol] 15kVe #ghe
+3t g} Fig, 25 1059 go] &8 #a
& electropherogram® wehd 7oz dFHH
peak= sulfite?} sulfate?} A1l HAEE= AR
grol=lol on], w3F ICE Table 291 A4 Table
404 v}ehd A3} 7ro] perchlorate, chlorate, sul-
fite, chloritet= ¥2]7} HA| 921} CEM = @&
o| &5 FAld ¥ & glow FHFE Frie
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Fig. 2. Separation of inorganic anions by CE with in-
direct UV detection. Sample was applied to the CE
column by pressure injection (2.5 s). Separation condition:
buffer, experimental section; applied voltage, —15kV;
temperature, 30°C. The actual amount of each anion in-
jected on column was 0.1~0.4 ng. 1, bromide (0.2 ng); 2,
chloride (0.2 ng); 3, nitrite (0.2 ng); 4, nitrate (0.3 ng); 5,
perchlorate (0.4 ng); 6, chlorate (0.4 ng); 7. sulfate (0.2 ng),
sulfite(0.2 ng); 8, fluoride(0.1 ng).

& e $ot
3.1.2. pHO| Y3
pH 7.8~11.39] W3}ol] w} &= = S0]29] o]

E A7He 2331 Fig. 3A ¥ 3Be| vehd Azt 2

o] pH 9.37}A}+= bromide, chloride, nitrite, nitrate,
perchlorate, chlorate, sulfite+sulfate, fluoride, =
F 27} =9lov} pH 10.3%E+ bromide®} chlo-
ridets Al Z&Hdch pH 7.8~8.87HA= ZEH
= £0) L 3 pHE Z9E 7o)t HF o] go}
A& 73E Bo)Felch(data not shown). 1B
Sol&Ee] ¥eldle pH9.3~9.8¢] A3t Zeoz
AlsEch
3.13. DETA £59| 9jat

Migration time{min)

Migration time(min)
B3
N

75 8 85 95 95 10 105 11
pH
Fig. 3. Effects of pH on migration time of inorganic an-

ions.

DETA s%4310.01~0.1 M)l w2} &5+ &
o] &2 o)X A7+& &35t} Fig. 4A Y 4Bl e}
& 7T} o] fol & RF o] A7t wiHy BT
wel=le] Z&s9len, DETAY =7} 0.02MY
ol 7F whE o] F AIZHE Jeh L, 0.02 M o] A
AL LR ol Ake] Holvh= A& noiFglch
22|22 DETA] A FE& 0.02~0.04 MZ ALE
=

3.1.4. Current®] Hsk

Cathodeell Heolq~= 29te] W3H(10~25 kV)ol| wt
2} AEE e F0129 o)F A7HE Fig. 5A ¥ 5Bl
vehlisich BE o] &F0] Agle] &S whes
AZF o), ArE 20kV ol HoIFA elec-
tropherogramell4] ©]2-52] o]F A|7ke] walx ¥
27} H=) ow, Hle] v F o HEAzbe] &
3 peak’} #AEE e wodF<ci(data not
shown). 28] 22 A5l A3k 10~18 kvoldlr}.

3.1.5. 5& ZaM Y A&

Ztzbe]  &-0}-25~60 ppmS ol ulz} 5~20
ppm 7t o2 X3} peak heightZ 73ekd-g A
A, AEWA AL A8 FYFE s
bass line noise®] 3ul peak2 H&EIAR Asidr)
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Fig. 4. Effect of DETA concentration on migration time
of inorganic anions.
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Lol 259 HF A Tabe 3o ez,
linear square® ol 1% rgt-2 0.999 o)A .8 of 53}
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At &34 2 migration time Table 49 1}e}
Welon, AEPAE 0.25~1.00 ppmeE  ICollA
0.005~0.050 ppm¥} B|23}e] F2] dghor}, w2
o] 5% #¥ gk

32. MAAlR BN

3.2.1. @

3.2.1.1. 358

7b o] 229 3 4g FAL Y 1gol S0l XE
£-9(1000 pg/g)& bromide, chloride, sulfate, flu-
orides= 1mL#, nitrite, nitrate, perchlorate,
chlorate, chloritex= 2 mL4 #713le] 100 mL £
Fepazgd] Wi o "ol 2R R Ae
dialysis membrane filter 2 | #}3F - CZEZ %
o] &5-¢ Hulsl] 34gg A3 H(Z 53)). 1
AL Table 59 Vhebligl e, 358§ nitrate”}

Table 3. The regression analysis of standard anions

Regression analysis (range 5~60 ppm)

Anions
r squared Regression equation

Bromide 0.999 y=0.160x — 0.43
Chloride 0.999 y=0.212x+0.07
Nitrite 0.999 y=0.222x+0.07
Nitrate 1.000 y=0.210x+0.00
Perchlorate 0.999 y=0.162x+0.04
Chlorate 0.999 y=0.099x+0.13
Sulfite 0.999 y=0.712x+0.01
Sulfate 0.999 y=0.713x+0.02
Fluoride 0.999 y=0.388x +0.08
Chlorite 0.999 y=0.202x ~ 0.08

Table 4. The detection limits and migration time (IC: re-
tention time) of standard anions

Detection limits (ppm) Migration time (min)

Anions

CE IC CE IC
Bromide 1.0 0.05 6.0 10.36
Chloride 1.0 0.005 6.2 4.19
Nitrite 0.5 0.01 6.5 5.11
Nitrate 1.0 0.05 6.6 12.03
Perchlorate 1.0 ND 7.0 ND
Chlorate 1.0 0.05 7.4 12.03
Sulfite 0.5 ND 8.0 ND
Sulfate 0.5 0.05 8.0 17.27
Fluoride 0.25 0.001 9.0 2.29
Chlorite 1.0 ND 9.5 ND

ND: not detected.
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Table 5. Recovery of anions
bloods by CE

in postmortem human

AT - {FAE - 25D Ay -

Blood Added Found Yield (%)

(ng/e) (g/e) (ug/g) (meantS.D)
Bromide <1.0 10 9.7 96.5+3.4
Chloride 25.3 10 354 101.04-24
Nitrite <0.5 20 20.4 101.8+5.3
Nitrate <1.0 20 17.3 87.8+8.5
Perchlorate <1.0 20 21.1 104.04-2.2
Chlorate <1.0 20 19.1 95.5+5.2
Sulfate <0.5 10 10.4 100.8+2.7
Fluoride <0.25 10 9.7 96.5+3.4
Chlorite <1.0 20 19.8 99.4+-1.5

=5, S.D=standard deviation, Dilution factor; 100.

87818582 F7| 92 1 o]9|= 96.513.4~104.0+
228 ¥ okzaledc).

3.2.1.2. ¥4 Z chloride & &

UA F il Atgrle] Hye xAs= 2
L3 Al Agslx)qt %MEJ H4& o847 A}

e 5o] BAeg A" 4 qlo] Wystkoeg
wA7E =5 9ol ARES AdH Bowe|a] od o)
=9 55 "A A Aol ke 2pH1S] ¥o's)
A7lol o§714= 2ksks] CESF IC) 2]3F o]0
ARk vl Age wEAln Abdate] o
NG 3N F ofitsle] Aol ARg-sl] o, Table
6ol vhelt 23 Zho] CESF IColA] chloride$] A &kx
7} A dX3E o o)

322. %

Table 6. Comparisons of chloride ion concentration in
postmortem bloods by CE

Chloride (%)

Chioride (%)

CE IC CE IC
1 0.24 0.22 11 025 0.19
2 0.28 0.26 12 027 025
3 0.22 0.23 13 041 045
4 0.25 0.21 14 033 031
5 0.31 0.27 15 025 022
6 0.31 0.28 16 020 0.21
7 0.27 0.24 17 033 032
8 0.24 021 18 032 033
9 0.30 031 19 036 034
10 0.27 0.27 20 029 030
Range 0.20~0.41 0.19~0.45
Ave. 0.28 0.27

734

32.21. 3¢+¢&

7k o]l &50] 3)4f FALE b 1gol Lol TF L
(1000 pg/g)E chloride, sulfate, fluoridet 1
mL4, bromide, nitrite, nitrate¥> 2mL4, per-
chlorate, chlorate, chloritex= 3 mL# 737}3]—‘34 100
mL 4% Fefiazed YL ohg "o & EA7HA]
A ¥ dialysis membrane filter2 °=lﬂrﬁ& o o)-g
CZEZ $o| 255 #2319 3488 A sileh(zh
53]). 2 AIE Table 79) jeplglon, 34588
chloride”} 85.2+1.7, sulfate”} 85.6+2.48 FA] 9
3L 2 o)9= 100.4+1.0~105.9-£0.82 5% ok s}
Art.

3.2.2.2. gol& 24

AaodEe] B4 B0 AHEEE Beg Al
L WS (AHET) 52 EFqlo) TR o] Re]
A glew, %l 9l A3l EAR dify
WU Aol EFA 1) F o 80% HEE ben-
zoic acid% 4F2HEl F glycine®} conjugationel ]3]

=8 53 M= aejeg 21?‘]-5—"- =7d F
o F dAtE]o] wiEEE ol 2F A R5e] wsler
& odolr ] A7 A & FEoE ERQl Fglo

e SAHEZ 229 koA So)2g BAslglw
71 electropherogram-& Fig. 6°ﬂ vepd Az} 7ho)
chloride, nitrate, sulfate, fluoride, uric acid”} 2%
Hgler, o] gol& F chloride®} sulfate® CE2}
ICE ¥A3 AekAE Table 8ol Vebiol o, ek

=& B 3-& o chloride ¥ sulfate’} 3 A x| g},
EFAE FUd mollA chloride®] &3k 0.20~
0.96% (BT 0.60%, 178)°1%12., sulfate2] Frake-
0.04~0.27% 2 0.14%, 17%)old 3 HArl( o«

Table 7. Recovery of anions in human urines by CE

Urine  Added Found Yield (%)

(ng/e) (Mg/z) (Mg/g) (mean£S.D)
Bromide <1.0 20 20.5 102.74+0.3
Chloride 38.2 10 46.7 85.2+1.7
Nitrite <0.5 20 20.2 101.2-+14
Nitrate 14 20 21.5 100.4+1.0
Perchlorate <1.0 30 31.0 103.4+£25
Chlorate <1.0 30 318 105.9+0.8
Sulfate 14.6 10 232 85.6+24
Fluoride <0.25 10 10.3 102.5+1.1
Chlorite <1.0 30 30.9 103.0+0.9

n=3, S.D=standard deviation, Dilution factor: 100.

Analytical Science & Technology



Capillary Zone ElectrophoresisE 0}-83 8-0]-2 EA| Ao 33k ofF

219

Table 8. Comparisons of chloride and sulfate jon con-
centration in toluenc inhalation human urines by CE and
1c

Chioride (%) Sulfate (%)

CE IC CE 1c
1 0.21 0.20 0.05 0.04
= — 2 0.22 0.22 0.04 0.04
=_— 3 0.27 0.27 0.09 0.08
==—xt 4 0.33 0.33 0.14 0.14
===t 5 0.39 037 0.26 0.26
5 = 6 0.43 0.45 0.14 0.14
- 7 0.57 0.61 0.06 0.05
c———t — 8 0.60 0.60 0.23 0.23
: : = 9 0.63 0.62 0.12 0.12
! — 10 0.66 0.67 0.18 0.18

= Range 0.21-0.66 0.20~0.67 0.04~0.26 0.04~0.26
= Ave. 0.43 0.43 0.13 0.13

Inent ALERY

Fig. 6. Electropherogram of inorganic anions in toluene
inhalated human urine by CE with indirect UV detection.
Sample was applied to the CE column by pressure in-
jection (2.5 s). Separation condition: buffer, experimental
section; applied voltage, ~12kV; temperature, 30°C. 1,
chloride; 2, nitrate; 3, sulfate; 4, fluoride; 5, uric acid.

IEE Fag)e] kel A chiorided] Feke 0.39~
1.28% (8 0.89%, 25%)°l912.H, sulfate®] ke
0.04~0.28%(53F 0.15, 257 )o]sdc}. Chlorided] &
Fol BAAQ 7t BRAE FU’ knn} ohikd
28 Fgtort Al wje} @xrl F 4 qlome
2 3ol glslod s =xdat 4= glon, sulfate] §Hek
& Aelzk ik ael=g Wt WAlo] gistod s
w3 Zalm o x4AA AYE Fae] o
BAE W vA i),

33. HS0M 2012 84

ARAEE A BBy 38R 2o Bk

Al Mg sldong S ool el AY
% Aol disled s Rusla] @3, 2 F s
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FRist A7 R A E A Sol g B
elecropherogram®  Fig. 7o) “iehdig] e, chlo-
ride, sulfate, uric acid® & s}5it}. 22122 o] 3
G B3 419 AL 1 4 qlgdh
3.4. CIOJUDIOJE & chloride Y nitrate2] £
Azt gaisle] 929 Fokg wA% et
nto] £9} W] 3k electropherogramd Fig. 8A%} 8B

Fig. 7. Electropherograms of inorganic anions in
wastewater by CE with indirect UV detection. Sample
was applied to the CE column by pressure injection (2.5
s). Separation condition: buffer, experimental section; ap-
plied voltage, ~ 15 kV; temperature, 30°C. 1, chloride; 2,
sulfate; 3, uric acid.
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Fig. 8. Electropherograms of inorganic anions in dynamite by CE with indirect UV detection. Sample was applied to the
CE column by pressure injection (2.5 s). Separation condition: buffer, experimental section; applied voltage, 12 kV; tem-
perature, 30°C. A: RWS 80%, nitrate; B: RWS 70%, 1, chloride; 2, nitrate. *RWS: Relative Weight Strength.

o v]xs}ch. Fig. 8At ZA % tlerleleg A
Atelge] ZEE R daold HEEA] ko),
Fig. 8B dubg o2 A&l tholuno] 2 A4l
o] 4 el Zo] A&Hc}. AH Fofo) gt
electropherogram< 44k tlelinlolEel FEdste
2 vpehA) ook, gutell ARS3E o] tiojuin}
oleete AR vigled xala g sHeEgi

.2 B

1. A ZE-2 capillary zone electrophoresis % in-
direct UV detection W22 W3}epx o g =85
T e 10%e] Jold,
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