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Fig. 2. The structure of a anion exchange resin.
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Fig. 1. Coupled chromatography instrument schematic.
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Fig. 3. Separation of the seven common inorganic
anions on (A) pellicular -based column{(250mm x 4.
9mm 1,D.) and (B) HEMA-based column(150mm X 4.
fmm 1.D.) using 1.7mMmm NaHCO,-1.8mM Na,CO,
elugnt. Flow rate : 1.0ml/ min. Detector : suppressed
co.nductivity. 1048 fullscale. Injection volume : 100
Peaks : | = F- : 10ppm, 2 = Cl- :20ppm, 3 = NO,

20ppm, 4 = Br : 20ppm, 5 = NO~
PO~ : 30ppm, 7 = SO,

: 20ppm, 6 =
: 30ppm.
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Fig. 4. The structure of a cation exchange resin.
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Fig. bA. The separation of alkali metals on a surface
sulphonated cation exchange resin. Cloum :@ HPIC -
CS1. Eluent : 5mM HCIL Sample : Sppm Li* and Na-*,
10ppm NH:* and K+, 20ppm Rb* and Cs*.
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Trble 1. Anion —exchange capacity factor(k’) of anions on the pellicular-and HEMA -based cloumns.

Anion Pellicular -based HEMA -based k’uEMA / K peliocular
column column
Fluoride 0.31 1.08 3.48
Chloride 1.23 246 1.95
Nitrite 1.72 3.48 2.02
Bromide 3.08 4.58 1.49
Nitrate 3.75 5.67 1.51
Phosphate 6.03 9.05 1.50
Sulfate 9.54 11.64 1.22

(Li - Cs)

Mg"‘

Minutes

Fig. 5B. The separation of alkline earth metals on a
surface suiphonated cation exchange resin. Column :
HPIC —CSl. Eluet : 2mM HC1/2 mM m-phenylene-
diamine dihydrochloride. Sample : 3ppm Mg and
Ca*, 10ppm Sr:* and 25ppm Ba:t.
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ol 2o Al&HA gt Fephy g A% A7 A%H
31 ¢lew  John Morris®} James 8. Fritze
PS/DVB®]| functional group2- succinic anhydride,

tetrachloroethane % anhydrous aluminum chloride

£ o]4 R-COCH,CH,COH $ 5 (resin 1)& &
3 %%} phenylchloroformate, tetrachloroethane %
anhydrous aluminum chloride& o148 R-CO,H f%
A (resin [ )& &) metal ion F-2]294] o] &-&}g]
t}. Tuble 2+ eluent?l ethylenediammonium, oxalate
€ Resin | columnell A AF4-3-& o A& 2] pH &3}
F 243 Zlo)H, o] o=t o pHE) logarithm S
2 A4S 9l 5L metal ionE-2 F W 2] F2 3 group
2 ol xv g groupe sloper} 0.5 A%l A7) =
& groupS 1.0 A £3 #olt}. Slopezt 2lo]H ol Hs}
o] W3l AL 3 5 32} metal iono] eluent2}

gt groupS metal hydrogen oxalate complex &, & ¥

group-2 metal oxalate complex& 3) 4 8}7] wj-2q] 7

Table 2. Linear regression data for polts of log t'x
(Adjusted retention time) t's, pH using an ethylene-
diammonium oxalate eluent.

Metal ion pH range Slope Correlation coef.
Ni 5.4-6.8 1.03 0.9994
Cot 50-6.8 0.50 0.9822
Zn:t 50-64 1.07 0.9944
Fe:t 54-6.8 0.53 0.9802
Pb+ 40-54 0.98 0.9948
Cuzt 42-58 0.97 0.9952
Cd* 4,0-5.6 0.87 0.9976
Mn# 42-72 0.52 0.9986
Mg+ 4.0-7.2 0.50 0.9991
Cat 4.0-7.2 0.50 0.9962
Srot 4072 0.51 0.9977
Ba't 40-7.2 0.51 0.9980
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Fig. 6A. Chromatographic separation on resin 1
column{100% 4.6 mm I. D.). Eluent condition : 10mM
ethylenediammonium, 1.00 mM oxalate (pH 5.3) Peaks
11 = Co?, 2 = Zn+, 3 = Munt™, 4 = Mg, 5 = Ca*, 6

= Ba%t.

Conductieity

t—
s
<

T T T

6 3 & 9 12 158

Time (inutes)

Fig. 6B. Chromatographic separation on resinlcolumn
(100x4.6mm I. D.). Eluent 10mM
ethyenediammonium, 0.05 mM PAD (pH 5.4) aks :
1=2Zn*, 2=Na?*, 3=Ca?*, 4=5r2*, H=Ba*, 6=Mg?".

condition
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54)% Resin Icloumng Al metal cationg £
u] 3k Zlo]c}.
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Fig. 7. Schematic representation of the separation
processes on an HPICE column.
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Table 3. Retention time of carboxylic acid for different eluents.

(min)
Eluents(concn. 1mM)
Solute acid Water H,PO, H,SO0, Benzoic acid p-Toluenesulfonic Methanesulfonic
(pH 3.02) (pH 3.63) (pH 3.62) acid(pH 3.00) acid (pH 2.74)

Citric 4.0 5.7 6.3 4.5 5.7 5.3
Tartaric 4.0 5.7 6.8 4.5 5.7 5.5
Malonic 4.0 6.0 N.A. 4.5 6.3 5.5
Malic 4.0 6.6 7.6 5.3 6.7 6.3
Succinic N.A. 9.2 N.A. 7.0 9.2 8.6
Formic 6.3 9.7 109 7.0 10.0 9.5
Acetic 8.7 11.7 12.1 9.5 11.3 10.9
Isobutyric N.A. 15.6 N.A. 12.8 15.8 14.7

N.A. = Data not available
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Fig. 8. Isocratic separation of aliphatie(20~500 ppm) and aromatic(5~50 ppm) carboxylic acids. The eluent was
10mM methanesulfonic acids containing 125(v/ v) acetonitrile. Spectrophotometric detection at 210 nm was used.

thanesulfonic acid(pH 2.74) /1%(v /v) acetonitrile
£ gl o 2 A}g3te] HPICES A §-7] AHe-§& -2
%} chromatogram-2- Fig. 8ol Wteh % 52 Table 3+ 7}
zre] ] @& F714H59 retention time & +}
el 71olc)se gt ¥ systemol] wWE mechanism
) zay), el B H4 AEE Table 4o Hepld
o}.

2. 2. 3. lon Pair Chromatography(Mobile Phase Ion
Chromatography : MPIC)
MPICE IECS} vl &) oo 23 Fol 29 £ %
Hefell ol H4H I 7] Wi F84de] 4 v

ZHE 3 gl A3 o)) Haney 5-& olEA el alkyl
sulphonic acidy} quaternary aliphatic acid 2+
lipophilic ionE& o] &3t WIhdaE W A EES
2lu12 ¢l reversed phase ion silica column-UV / Vis.
detector& AH&-3ted el = glglchi#1 o] 752
reversed phased ion pair chromatography(RPIPC)
2 Ao 2 Fo) silica WA pHell od 88 ukx]
9= PS/DVBE& vl4to] 41 chemical suppressor-
conductivity detectionS AHFoZ4 F71Hql 2
A& 3k gleh

& 2712 MPICS] columnel 4] A3} mechan-
ismol] N3t AHI L o] F=|A] gt} s
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Tuble 4. A summary of ion chromatographic separation systems.

Funtion-

Separation Mecha- Recommended Species to
System nism ality of Eluent be Anayzed
the Resin
HPIC Ion —N+*R, Na,CO,/ F-,Cl,Br,I,8SCN-, CN , PO;?
Anions exchange NaHCO, , PO}, POs, NO,~, NO,", S,
S0z2-, 807+, Cl0-, ClO,-, CIO, -,
ClO,", carbohydrates, etc.
Cations Ion -S0, HCl: Li*, Na*, NH,*, K+, Mg*, Ca™,
exchange m-Phenylene- Ba’*, small aliphatic amines.
diamine
(2 HC1/HCI)
HPICE Ton ~80,- HCl Octane Aliphatic carboxylic acids, carbon-
exclusion sulphonic ate, borate, citrate, malonate, suc-
acid cinate, lactate, alcohols.
MPIC Ion pair Neutral NH,OH, In addition to those anions listed
Anions formation TMAOH, under HPIC : metal cyano comple-
and TPAOH, xes, BF, and anion surfactants.
adsorption TBAOH
Cations fon pair Neutral HCI, hexane- In addition to those cations listed
formation sulphone under HPIC alkyl amines,
and acid, octane alkanol amines, quaternary am-
adsorption sulphone monium compounds, chloine cation
acid surfactants.
24 78 19799 Bidlingmeyer Sl 2} 3] A QHE] W Aot
ion interaction modele]c}.2152 ST Ake] W) 54 A4 A Mobile Phase
i} o] FAke] 4 A4 wFoll phase Ate] e} ZFA ol =
we mRigge] st ole Al B, e T T T~
o 2 4 9ol ol Aol Ak oW Q¥ wHAE  ~ 7 A o~
o A zeh ol 4EERE F71 8T, AR o A-
%, quaternary ammonium base# 5]t} ¢] model ot " OH- A -

off oj&}w 1A A2l el electrical double layer
7} 8 A3 Fig. 9% surface active amine£-$ &
shi= 5qF H A& electrical double layer& viephd
7Relc}.

o] system«‘ﬁ A el 18- double layer®] outer region
o 2] wIthZE o] £2] hydration A ol 9&3}H, hy-
dratione] 7}4 =H& enthalphy & zt& o] &-Eo] 7}4
71 retention time® Zki=tl. of| £
Hojxlch Fig. 10&
MPIColl 2%} hydrotropic compound®} #&}% +te}

= carbon chain

o] 7ZE retention timeo)

Vol. 6, No. 1, 1993

P + .
R ACN R
acN R R Ac
ACN N acy K

R T

Surface
of

Electrical Double Layer

Inner Region

Quter Region

Fig. 9. Scheme showing the electrical double layer

formed during the separation of surface active anions.
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Fig. 10. The separation of hydrotropic compounds.
MPIC —NSL Eluent : 10 mM NH,OH + 12
1 mi/min. Detection :

Column :
vol. acetonitrile. Flow rate :
Suppressed conductivity.

2. 3. Suppressor

A8 oo A7 HEEZE Fo]7) $18 chemical
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Fig. 11. The way anion membrane suppressor work.
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Table 5. Conductivity of an acid and its sodium salt.

Solution Concentration Conductivity
{milimolar) ( zmhos)

NaCl 0.1 12.3

HCI 0.1 40.5

NaHCO, 0.1 8.6

H,CO, 0.1 3.1

19921 Sochendra Lalesana®} Paul R. Haddad?+2=
suppressorg -3-8-3}°], pH 3 o]8} =& pH 11 o)4
9] A& FH4A] columnol] AH#E injection3}?] A
membrane based deviced ©]& M4 wi fRxjoa
AEE F3A7 1S ICE o] gste] B sielct. o
&< 0.01% NaOHell £ anions A| 88 3415}~
8ked Fig. 12¢) el A8 cation exchange
membrane fiber& ©]-83}o] device® whE9low X
HE fiber 22 FHA7IRA AEE FI 7=
surrounding medium-% fiber 9 & &2 3lgich
A8 ol 9l sodium-e fiber membrane-§ %3}
vto g 1} o surrounding mediumel] ¢} hydrogen
iong-& fiber 22 A Fslo] F3ut-g g b},

w3t o] 5L 71 F& neutralization efficient =
ZE3 membrane A% F¥o] £& 0.IM octanesulfo-
nic acid(OSA)E surrounding medium . & o] &3}
2.7, Fig. 132 0.01% NaOH solutions]| Z &% o]
2 #414] membrane based device® ©]-48}7] U}

¥-£ v ¥ chromatograme]t}.

2. 4. Detector
ICel AV8-E]+= 7 & 7)1+ =A] electrochemical ¥}
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Fig. 12A. Dialysis device used for comparison of hydro-
gen ion donating media.
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Fig. 12B. Dialysis device used membrane fiber.

3 optical WA 2. 2 1}%v] electrochemical 7] 24l
L2E amperometic % pulsed
amperometic 5°] 9l optical ZHEIwo =
UV /Vis. ¥ fluorescence £°] g2 detectord ¢l
7l % A 4= BAE Table 6ol Lehl gl
Conductivity detectori= % 72} Wl g|i= 4o
sa2g o]y &de] F Mo AT Aol HAHE
£ 527 sl 32 E YAslER o] &) Ay
EXE &A= 7o) Amperometric, pulsed am-
perometric detector 7% el 284S (working
electrode) 2] #™ o 2H ARV} 413, 39 w= 23}

conductivity

Fig. 13. Chromatogram obtain before (a) and afrer {(b) Donnan dialy-
sis of 0.01% NaOH solution containing anions. Injection volumn : 50.
Eluent : gluconate-borate(pH 8.5). Column : Waters IC Pak A. 50 X 4.6
mm L. D.Peaks : 1 = F-,2 =Cl-,3 = Br, 4 = NO,",and 5 = SO,".
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Table 6. A summary of ion chromatographic detection systems.

Detection Principle Application
Conductivity Electrical Anions and cations with pKa or pKb (7.
concuctivity
Amperometry Oxidation and re- Anions and cations with pKa or pKb (7.
duction at a Ag/Pt (82, CN-, OCl-, etc.)
working electrode
Pulsed Oxidation and re- Alcohols, carbohydrates, phenols, nitro aromatics, etc.
amperometry duction at a Ag/Pt/
Au and glassy carbon
electrode
UN/Vis. UV/ Vis. light UV active anions and cations, heavy metals after reaction
detection in absorption with PAR and Tiron, polyvalent anions after reaction with
connection with iron-nitrate, silicate after reaction with molybdate,
postcloumn Ca*~ /Mg* in NaCl after reaction with Arseneazo I.
reaction
Fluorescence in Excitation Amino acids and polyamines after reaction with
connection with and emission o-phthalaldehyde.

postcolumn

reaction

Table 7. Variation of elution time and sensitivity with eluent concentration

25 mM HCI constant 2 mM Histidine constant
Histidine Mg+ Cart HCI Mg+ Caz
Concn. Elution Peak Elution Peak Concn. Elution Peak Elution Peak
(mM) Time Area Time Area (mM) Time Area Time Area
2 10.1 5.7 19.5 4.5 15 13.9 6.6 27.8 4.9
4 6.0 5.0 11.0 4.4 25 10.1 5.7 19.5 4.5
6 4.6 4.1 3.0 4.3 35 8.7 5.5 16.4 4.4
b 3.8 39 6.4 4.1 40 7.5 5.3 14.0 4.1

FEo] A E = B sl ARE S48t Aol Mg*t, Ca**, Ba?t o] 25L& A, FHFFEF B,
t}. UV /Vis detectors= B5 200~570nm Alte]ol 4 AF sl % Zoff Sol BsiAd BEx=lo] gleoz
45" nitrogend e o] &5, 3, Al Y o 73 A7 - Abalel] fEdE o] F4-2 "8 R 3, o) &
FRe] §71EE& o] WA FrulE et wit o9 AW 2.2 UV/Vis, AAS, Calorimetry ¥
UV &7} gl o] 22 A tsle] &3l Flu-  EDTAY Sl A glovt ICE o8 #4317
orescence detectorv= o}vlAl ¥ polyamined W& 9)3}e] eluent2) W3}, A EH AW % pH H3}o) o}
3h ] 22qlch 2 d¥e AEsteoh

e

3. gko|= 24 3. 1. 82jdje| 55 H3
Mg#t % Ca?t o] & 2}t 20ug/ mlE Al4-3}e] &
17} oFe]&4l Na*, NH,*, K* % 27} ¢Fo]gal glof 2] Fx W3le| u}E elution time} sensitivity,

Journal of the Korean Society of Analytical Sciences
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£ 71 E3}7] $18te] 25mM-HCl ¥ A %%l histidine
o FEE 2 4, 6, 8(mM)E, 2mM histidine ¥& ¥
Lol HCl =8 HsA171H A AEst 295 Toble 7
of vep oo}

3. 2. ®xajdy uln

Axj2jub 22 5% trichloroacetic acid 9mi®} &
A 1mlE 83 £FAA F 1087 HA{ oL 5,
000rpmeoll 4] ¥ 41%#-2) 8+ trichloroacetic acid®, 0.
3N Ba(OH); &9 2ml& A7} ¥ £3sl o] §ofel
5% ZnS0, 2mlE ¥ 3 YAl 58] 8= Somogyi-Nelson
1, acetonitriled M7} F 94 ¥-28} Acetonitrile
¥, membrane filter 2 o3} why] Z-2 | wAY
&t A 3} Table 8ol A E.5-o| membrane filtertle]| 7}%
oF 55t

Table 8. The comparison of pretreatment methods in

plasma.
(%)
Somogyi- Membrane
Tons Trichloroacetic  Nelson Filter
Acid
Na~ 103 65 101
NH« 86 79 102
K+ 63 56 101
3. 3. pH #3}

oy pH 7.4, 55, 45 35 % 258 ZH3HA
membrane filter®] &8 A xjelste] &A%} A} Table
9l L}ebd ule} 7ro] pH 3.5~5.5¢04 F&3 A4E
At

Table 10. Ion chromatography conditions.

Table 9. pH-dependent variation of cations concen-

tration plasma.

(g / mi)
pH
Ions 7.4 3.5 45 35 2.5
Na* 2830 3090 3090 3150 3080
NH, * 61 64 71 63 56
K 210 220 220 230 220)

3. 4. 24 Ap2i|

x @E SollM o2 B4

Mz HE ANE 22 3le] Table 109 4
Z7el A Agrr A 17} ofe] &2 Fig. 14 % 27} <
0] 22 Fig. 15614 BE vlo} 7ro| Balr} ofs8lel e
W A Pl A 17} ofo)& 3%-8 Al ke W
Na* : 3147ug/ml, NH,* : 63ug/ml, K" : 2284/ m!
11, 27} ofo]&-ql Mg : 20umg/ml Ca™t
/migdicl. =& FEERY 2avelE Nat @ 3156,
/ml 2 Kt 15248/ mio] 32 Anderson®] B.i13%e) 3=
Na : 3450¢/mil, NH,* ; 288/ ml, K*
/mi, ¥F4sets] #AA AYYsetel = Na'
3000~ 3500ug / ml, K* 5 140~220ug / mi 24} IC 8-+
of o]t B4 Ao} Ao FAbsbeich

¥ AEE FARY Bt 5

1992 49 OOA ZAollA] 22 ALzl ez WAl
Az rEdo® Qe Faby el J3tgF FAkY
& % FAbsbe] AAAE Ao "o K o] &
2523ug /ml, Cl- o1& 2474z / mlE 7 &sle] o}t &
ol £8E AL HYFHe] Kt o] o] ¥t} of
3080} B ko] EALE F5 REZ HHY

Al ch.

102

; 625.6ug

Monovalent cations

Divalent cations

Condition

System HPIC HPIC

Detector Conductivity Condctivity

Separator Column CSsl1 CSsl1

Suppressor Column CMMS CMMS

Eluent Concn. 5mM-HC} 25mM-HC1/2mM Histidine
Regenerant Conen. 20mM-Ba(OH), 40mM-Ba(OH),

Injection volume (d) 50 50

Vol. 6, No. 1, 1993



14A Y Aes - HAE 4

Nar

NH,*

K+

s

Fig. 14. Ton Chromatogram of monovalent cations. Na*
: 20ppm, NH,* : 30 ppm and K* : 30ppm.

= JU

Fig. 15. Ion Chromatogram of divalent cations. Mgt :
20 ppm and Ca?* : 30ppm.

% NaOH + AIEHE EW

19924 8% OO ZAel A 223} ARl 22 95l
A At =@ LS A st =3 5e] g Abagh
Aoz AANY A ZN NaOH 1.8%, Aluminium
31.9% % magnessiume] F&EEH 357 IR 213 21§
A3} polyethylene 2|57} #2l=e] aluminium %

AFE

27} 5% =% 5§ NaOHZ A H3lc) slahrgo
2 Qg it o 2 ghyof Frisle] =3 %o
g 7oz glsddrch

4. 0|2 4

FAF< A4k A4l 34 5 AR 2R S o
FEAE Vel B e oefEoen A4
= ek geld A= WE 42615 f8l HebEa
L (A11990. 8. 1)l 10% ©1¢ 58 AMAE 7%
g FAsta glon, olEE S5 A 7, AR,
A tel] AR ¥A2ha2 Ao FE W el
ZE FAe) Vel dute] 2 Rabe Ay
et ol w3l ob-g Algebe) 2 Abasba "o

AR B e 2 4, zke]4d w4, polaro-
graphy % GCH o] 2agglen, o]& $Aez
B %S 379 o0 2R AMAREAME 5,
AR 5 Hel xate] ik B2 @2 A7ke] &7
ot AddA, Felx % 3Fer) ulgh ICH] 23 ¥
Ao g B7)&o)ge] $A] Aol HEstdrh

4. 1. A|BEY

x AR 24

92 39 OO7 FA oA === Al ez F4ag
F s A H 4 s 5% S S-Eell A o)
£ 1.89%, Al A 0.34%F A&} 9249 119 O
OAZMAA 22 Aoz g wdle]d & &
Z AEE S S-Eol A 3hatol2 1.78%, A A 0.
14%& &3}t 87d 108 OO A ZA ol A] 23%
Aoz 2AZTE D=L A FUAoE BAMS
S5 AHEEelA] Eatol R 47%, Y olA 2.4
/mlE &gt

% Bromide 4

QH 0OARANA 2R AL Aue) TF
ol A}-8-% methylbromideol ]38l £ Apagh
Yool 4 bromide o] &8 74.2g/ml ¥ HAF Ho
A} 5.3/ mlE &35 3, Peter de Jong 59 Bl
2io] 2]31H ¥ F bromide?d) o) WAl 53+1.
Oug/ml, A} 52+ 1.4/ misich 28] EA A&
Tuble 11 R 120 YFepligd IC A=A % chro-
matogram-S Fig. 160 vJehiiic}.
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Table 11. The concentration of chloride ion in gastric juice and blood.

(W/V %)
Normal group Poisoning group
Gastric juice Blood Gastric juice Blood
0.24 0.27 0.73 0.28
0.24 0.30 1.11 0.29
0.29 0.29 0.67 0.32
0.25 0.30 1.83 0.33
0.28 0.23 0.94 0.56
0.30 0.35 1.89 0.35
0.50 0.28 0.78 0.30
0.13 0.33 0.91 0.26
0.29 0.32 1.74 0.31
0.33 0.31 2.55 0.27
Range 0.24~0.50 0.23~0.35 0.73~2.55 0.26~0.56
Tuble 12. The concentration of sulfate ion in gastric F-
juice and blood.
(w/v %)
o 807
Normal group Poisoning group HPO,*
Blood Gastric juice  Blood o |1
004 x 3 2.03 0.09 NCy
0.06 178 0.14 NO". . i
0.03 x 3 0.67 0.33 |
005 x 3 467 017 | |
Range 0.03~0.06 0.67~4.67 0.09~0.33 f

5. Hippuric acid®} benzoic acid {442

2F AdEe] £ 4R Fdel T Hrtatg
2.2 ¥k A - Alar) AbEA FAlZ R FE S )L
)& hippuric acid®} benzoic acid®] ¥41-& toluene
F F eyl A] Atsls] o} benzoic acid?} hyppu-
ric acid® AH B2 £/ 4 o 5§ wd3he
o) wslsba oz a3 vz} glvh A AR Fell A
hippuric acid®} benzoic acid®] 7 Zv}ld el & 3
= oo A¥E AN, GC¥9, UV /Vis.so, HPLCH
2wy Fo] Algsle] geovt ICE o)&35e
hippuric acid®} benzoic acid& FAlell F2|& 4 ¢l
£ gz, e wl o ohE o] 22 e HE
sod et

Vol. 6, No. 1, 1993
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2 4 6
Minutes

—
0

Fig. 16. A Chromatogram of some inorganic acids by
suppressed conductivity. Eluent : 2.8 mM NaHCO, 2.2
mM Na,CO.,.

5 1.0|2e| A&

F-, Cl, NO,", SO}, PO/~ 529 H7]|&o]-&i
gluconic acid, succinic acid, pyruvic acid, gluconic
acid 59 §7]-8&¢)20] hippuric acid®} benzoic acid
Helol v]x& 3 3S H B $iste] 2~20ug/ miS]
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Fig. 17. lon chromatogram of before pretreatment of
rat’ s urine. A, B : Unknown, C ; Hippuric acid, D :

Chlorobenzoic acid, E : Benzoic acid.

F5E #H7)3}e] hippuric acid ¥ benzoic acid®] &
2g HEF 7 Cl oo} tleF &g A% Fig.
17e) veld 73} 7o) benzoic acid®} FEEp g
ethylacetate %% % On Guard-Ag cartridge$ A}
4-3te] Cl- o] & A A 75 Fig. 183} Zo] Fejr}
k%3 .21 detection limit+ hippuric acid 0.1:g
/ ml, benzoic acid 0.5ug/ migich.

5.2.pH #3} 9 Mxjajye| vjm

=
ok
4o
N
rle
M-
Jo
2
5]
by
o
o
i

- 2]

33

RAWA

Fig. 18. Ton chromatogram of after pretreatment of rat’
s urine. A, B : Unknown, C : Hippuric acid, D : Ben-

zoic acid.

FF oA AT 8 ImlE Zo] &2 50u) 3148}
o] benzoic acid®} hippuric acid @ F-L F718 &
pHE 2~52 WIAFIHA 3i58S 24T A
Table 130114 B3 vpe} zhe] pH 2~30] 7|3k ok& 3}
gon XA]|8E pH 328 4§ F ethylacetate® 3
3] F&3be] 40T o5t A A EHT F Do)
&83k= &% H On Guard-AgE E34]A Cl- o]
& AAYYE o] &3l B Auls Table 140il4]
Hiro] B of3stg )

Tuble 13. pH- dependent recovery of benzoic acid and hippuric acid in rat’s urine.

Hippuric acid

Benzoic acid

pH value Found Recovery Found Recovery
(1g/ml) (%) (g / ml) (%)
Urine 3.9 - 4.1 -
2 14.2 103+2.0 141 100+1.7
3 13.7 98 +1.0 13.8 97+28
4 10.8 69+2.4 13.4 93+2.7
5 9.2 53+1.0 12.0 79£3.0

Journal of the Korean Society of Analytical Sciences
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Table 14. Recovery of benzoic acid and hippuric acid according to On Guard-Ag cartrige and extraction method in

rat’s urine.

Hippuric acid Benzoic acid

Pretreatment method

On Gurd-Ag Extraction On Gurd-Ag Extraction
Amount
added Found Recovery Found Recovery Found Recovery Found Recovery
(&/mi)  (g/mi) (%) (g /ml) (%) (1g/ml) (%) {1/ ml) (%)
Urine 22 - 2.2 - 9.4 - 9.5 -
4 6.1 98+2.1 6.2 100+ 1.5 134 100£3.0 13.4 100+1.5
8 10.2 100+1.5 10.0 98+ 1.0 17.3 99+2.5 17.3 98413
12 14.7 104£3.0 141 99+0.5 22.1 105+4.2 21.1 97+ 1.7
16 18.7 103+2.4 18.4 101+1.1 26.7 108+4.1 25.7 101+1.5
Ave. 101+2.3 99.5+1 103£3.5 9+15

Tuble 15. Concentration of hippuric acid and benzoic acid in rat’s urine.

(ug/ml)
Days Normal urine Poisoning urine
Benzoic acid Hippuric acid Benzoic acid Hippuric acid
1 230271 145397 708 —2016 105 —287
2 413620 190 —234 828 —2871 62 —250
3 246 —582 185229 1032 —3621 71-250
4 241 —-490 112-129 1236 —3842 73128
5 251 —497 110207 1528 —4114 61 —262
5. 3. AlBEYN o2 oA WF X AEFE ¢ 7k 0.3~0.5g¢}

Toluene &7] W4 338 o|& toluene ¥=7} 1% Th
2 49 E2 A4 338 24A7 PH o 1084 5 Monofluoroacetic acid®] +4]¥] 2.2 Thioindigo
o Eo} w7 2EFT wlmPe] 88 244|782 4h-$, aluminium-hematoxylin -8, GC % GC/MS
A 2 slod BAg Aw Tuble 150141 2Eo] hippuric  5°] .29 ICel 28] monofluoroacetic acid ¥4 <l
acidi= 2= xbo]7} 919 21} benzoic acidi= FEFl|4]  FeIshE 0]2<ql FCH,CO0", CICH,COO", CH,-

3~7ul #A vrebwtct COO , F-, CI” 5% oigt A 3 Aae HEst
At
6. Sodium monoflueroacetic acid 444
6. 1. T8
Monofluoroacetic acidi =4o] vi-$- 7}8lo] Ak 7}zto] ® 3 4-M-g HPIC-AS4 columne A}4-3lo

A 2.4 Z}»l S ukgron} 2xF EAo] 7aled A& Fx  0.75 mM-NaHCO; #-2lej e g #2|& 23} retention
g o uTARoD Az Alwso] 74 2} - e timeE F- 59, CHiCOO- 7.0, FCH.COO 94,
9 guraizde s Abgsle] AsH A7} 5d= 497} CICH.CO0™ 136 % Cl- 266322 o5 s el
Aaysty glom, olo) et EAE o) WRE AF  dom, A4E AL Aase R ekl A

g} TCA cycleoll 4} fluorocitrate® W3 sl &% z} g gt T E LN Hr) FarA)A Fol T2 &9

Vol. 6, No. 1, 1993



18A w9

3t ©}-2 membrane filter 2 33t ¥ JonE& ¥2)3}
of 22 A3 HFE-E 95%~998%2 SF k53
Fel=

6. 2. AIREY

OOA 3] xtell FAH Fprpzles Ay o4

of #lwg ¥Ag FHz FCH,CO0", CICH,CO0",
CH,CO0", F~ % Clo] 2% &Aoo o] F
FCH,COO  0.43%~2.85%, CICH,COO" 0.68%~3.
15%%4 ¢}

7. Acetic acid F-A{43

2 Hl'

©

ARE g wl Fejgog 2 -elsd 24 Y ALY
ol AHEERE BAsjol & ARl £F UAZh
ICel 9J3F Bz o7 o]-&ulA] column(HPICE-
AS1)-Z Al-8-3}ed 1, 2] 2 ImM HCI ¥ regene-
rant £ 2 23 TBAOHE Al&3led QA A8 Fo)

cALE - FAE £ -

B3

Foll A 1.38%~4.57%2 ] Lol ulshed oF 5~100m)
A veb}.

8. Formic acid f4A{224

AR 7Y vddsg e 4o g o
o] df2}Hl ¢l formaldehyde®} formic acidi A]4174 #)
°ﬂ ol & .27/ ethylalecohol®t} o] 2o 2

E20g0] 2 A &Rt EYAEEE €Y, 8 9
4‘4‘]%3-:4 T A 2L Abgslelan, "ol g g
= 9o]242 34| membrane filtersto] Z"slel e
v, #}7] 2722 homogenated&} t}2 o7} & (0.75mM
NaHCO:2} 2mM Na,B,0;2] 27}%] &-z|feA] ICR
=g A5} formic acid?] retention time-& 0.75mM
NaHCOzol A= 49822, 2 mM Na;B,Orel| A& 5.2

o5 vepgon, ek Tuble 173} o] fujel &

Tuble 17. The concentration of formic acid in biological

A RS 7 e shelo), samples.
(w/v %)
7. 1. B8 Eluent
A5t o A7 5 A S e e Case Sample 0.75mM NaHCO, 2mM Na,B,0.
7} 57 ¢k-& lAdeke) oo CH,CO00 ]2 10, 20, A Urine 0.163 0.167
30, 40/ mi FEE A7} th8 membrane filtergt Blood 0.041 0.041
. . B - (after death)
F 3158S HYY A Table 16904 B5Eo] Y
FETES &Y g;),‘ e Lol 25 Blood 0.038 0.041
97%, I & 96.5%5 FE st (before death)
Liver 0.011 0.012
7. 2. AIREN B Brain 0.016 0.018
91 289 A& OOA Al A === AR o} C Blood 0.045 0.049
Aloll A FE=x 21A 9] 106 Fo] LE FoA 2 D Blood 0.025 0.027
2bo) -8 BAIEE A3 & AFTol| A 0.04%~0.38%, T Blood nega nega
Table 16. Recovery of acetic acid ion in post-mortem blood and gastric juice.
Blood Gastric juice
Added Found(ug/ml) Recovery(%) Found(ug/ mi) Recovery(%)
Blank 10.5 - 4.2 -
10 20.0 95 13.7 95
15 248 95 184 95
20 30.0 47 23.3 96
25 35.0 98 29.0 99
30 40.5 100 335 98

Journal of the Korean Society of Analytical Sciences
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Wl Ax =5k
9. Cyanide FAJ4s-~
YAt F& KCN % NaCN S22 F471g, Azl
5 A Foll AHgsm Fglo] golste] 2H 9 et
Als] B2 g AbgE| s Alzle] % Al olE
cyan F3HE2l FE71H-2 AH( Nl ofsted Ajeks}
FAE feld ok Y8y Eeiab8-& 3k Fe, Cu,
Co 59 #%3 Agste] A complexd HAT
F Cytochrome] &) A £ Ak3} - 544l 715§ A4 Al
slog ohe FeEAs de Al FAE e g 3 Fo)
A2 slo] Appale Pakg HEYe e F44, UV
/Vis.ol 2% W 9 GC/ECDel 217wl 5 ol
71217} skt
% AlZEA
A B3t 2 Ud7iFe] YA E S5 dapy
g abAoR HAollA] conway microdiffusion® &
CN& ®2i8l IM NaH,PO, €94 2ml, 0.25% chro-
ramine T lml, pyridine-barbituric acid £ 3m/E
Pol v] A1) o}-& 580nmell A UV / Vis.oll 218F A&
7} IC2] pulsed amperometric detector . # 2Fa}e]
v @8 AAE Table 186 Vel on ICe] B4 =
A& sulfide - ZH 7} %Us}3 detection limit+=
0.1ppme] g th.

Table 18. The comparison of cyanide concentration by
UV /Vis. and IC on poisoning blood.

(ppm)
Method
Case UV /Vis. IC
1 8.6 8.8
2 36.4 37.1
3 12.3 125
4 5.3 5.6

10. Sulfide A4~

%312l Na,S 9 NaS, $ol glow 23t 43}
AR Az, FEAA, AR W DDA ol AHg

Vol. 6, No. 1, 1993

= F (mouse) 2] B-7N FA} 2| A}ek(LD;,)-2 53mg
/kgolm  Sulfide®] FAMloegl: UV/Visd] =

GC/ECDY 5] gt}

x* Al2EY

929 OO ZAA oFF Ao g #B3tEg &
g Aoz EAA R AREES Ho) &5 200
vl #AM3&le] millipore(0.22um) filter 2 o 3}5}e]
Tuble 192] Bz A £AF A3} sulfide o] 0.
15%, GEF 2 #o] FAEH o ojmle] sulfide?]
0.05ppme] 4} 2w, chromatogram
2 Fig. 199 viepl ek

detection limit+

Table 19. Ion Chromatography conditions.

Detector
Working electrode : Ag
Ag/AgCl

. pulsed amperometric detector

Counter electrode :
HPIC-AS;

0.5 M sodium acetate

Column :
Eluent :
0.1 M sodium hydroxide
5%(v/v) ethylene diamine
0.7m!/ min
Ti(ms) : 60
T+Ams) : 0
Ts(ms) : 0

Flow rate :
E(V) : 0
EE(V) L
Es(V) : -

Fig. 19. Chromatogram of sulfide and cyanide by PAD
detector. Sulfide 0.2ppm, cyanide (.5ppm.
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11. BhopR A~

shebs 2, FeAld, BESA] 9 34t B
Al &3 g m sk AbeE A o] Ee 24
2 #7132FF2] NG, NC, RDX, TNT % tetryl 3
F713kekH-el NH,NQy,, KNO, Ba(NO;), NaNO;,
KClO;, KCIO, Al B 8 So] E3HE2 Ar8%) 3 9u}
ghekffel Hre wis)ey EFHe M Algy e A}
S = AL, 29 S ¥ B3 Ao Fu} Fol g
3 FAEE-Fel2 ¥ shxlAla 22 ad R
T olem, ol F gt A8 v|Edatee) S
F- ARA} ol A] EH]l W ety 7o 2ad
Aol A A== g, o F R B § el 2HE AR
E AteR fr 8 o "elrR & YA F
8¢, A Auke, TLC, GC, HPLC, GC/MS, IR ¥
UV/Vis. 55 AH8 gl W AaFslhs wh So] B
o] gle} ICE NH, Y, NOy 2 ClOy 59 B4 &
SolalA & gl Aol AUrh

¥ EYAIERRAL

91 64 OO A A 2% Aoz ~de)
S r 2] 24 WRRelAd Yaln]al Zuke g4t
WA o] FAME gl A A AR A
22| 49, ebak, A, FYF Y ] Za aka)
£ A F 3} ICo /Iiﬂ +4 Az NO,~ ##(ppm)-&
ZA W (A 2,500, ¥ F 9,500, 2= A E 930) 3
e N ﬁ*—i (w2 230, 2 ARA E 25 o] E})
o) ¢lir, g NH,t &ed(ppm)-& 34 (A 130,
uhd g 720, o) xPALE 280} s 2Eel A (wd
g oA B 10 o]3h) 2 FUEl 24 ellA] NO,
2 NH* 7} b A &= o)

s ARH| ZefAld

881 59 QOO EAM A =5l A ez COdA
o) A EubE-S £ Ab o ] AR, 23]
AW FEua o) oElEe] A 8E dH Y A
glod gol 2 ul grl4vl 2 &8 IC, GC ¥ %
1w Boll 2%k Ay A} W Eatell ] HAIR R
82% R FA Bubo) A KNO; 48%8 7 &3lolrh

¥ Y8 BlofAl

88»3 OO BN A 22 Ao s k78 sjok

T o"ele] Eaw oA Foi, 3AkE §le
Ahﬁli shp-g 3ok 4%e] ol E o] Icoﬂ g A9 A
i whihEZ A KClO; 66.5%, 89 ghad shefel 4

9 e

AR HAE AT

ANEs

KCl0; 83.5%, &-72%l 4 NH,CI0; 43.1% % o
8) slefel 4] KNO; 40.2%; % KCIO; $-0] &5 ¢}t

RUE

Ion chromatographys 2] % 1, 27} ofo]& &
Aol wo] BE-= FALFo FE of ¥ ok, FokF,
5T, BAEAVE D AbA A 5 o8] Polo &
Sk A2 dxe] Q Feldie] Awe] A4 8
= 5 gl
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