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Table 1. Solvent properties
Vapor
Name B8P MP Flash point Vapor pressure density Density LEL UEL ny
Acetaidehyde 20.2C ~123.5C ~40F(OC) 740 mm @20C — 0783 @18C - - 100 ppm
Acetone 56.48C ~94.6C OF(CC) 400 mm @39.5C 2.00 0.7972 @15C 2.6% 12.8% 750 ppm
2-Aminoethanol 170.5C — 200F(OC) B mm @60C 2.1 1.0180 @20/4C — — 3 ppm
Amyl acetate 148C@737 ~78.5C TTFICC) - 45 0.879 @20/20C 1.1% 7.5% 125 ppm
Benzene 80.09C 5.5C 12F(CC) 100 mm @26.1C 277 0.8784 @20C 1.4% 8.0% 10 ppm
Bromolorm 149.5C ic None - — 2.8%0 @20M4C P — 0.5 ppm (skin)
2-Butanone 79.57C — 22F(TCC) — 242 0.50815 @20/20C  1.8% 19.5% 200 ppm
Butyl acatates 120C — 72F 15 mm @25C 400  0.86 @20/20C 1.4% 7.5% 150 ppm
n-Butyl alcohol 117.5C — 95-100F 5.5 mm @20C 255 0.80078 ©20/4C 1.4% 11.2% 50 ppm (skin)
Carbon disulfide 46.5C -110.8C ~22F(CC) 400 mm @28C 264 1.261 @20/20C 1.3% 50% 16 popm (skin]
Carbon tetrachioride 76.8C -22.6C None 10Q mm @23C — 1.597 @a0c — — 5 ppm
Chiorobonzens 131.2C ~45C 85F(CC) 10 mm @22.2C 3.88 LI @155/155C  1.3% @150C 7.1% @150C 75 ppm
Chiorotorm 61.26C -63.5C None 100 mm @10AC 412 1.49845 @15C - i 10 ppm
Cresat (aill isomers) 191-203C 10.8-35.5C 178F 1 mm @38-53C 372 1.030-1.038 - - 5 ppm (skin)
25/25C
Crotonsidgehyde 104C - S5F - 241 o.ga ém/aoc 2.1% 15.5% 2 ppm
Cumene 152C ~96C 119F 10 mm @38.3C 41 0.864 @20/4C 0.8% 5.5% 50 ppm (skin)
Cyclohexane 80.7C 8.5C 1.4F 100 mm @60.8C 29 0.7791 @20/4C 1.3% 8.4% 300 ppm
Cyciohexanol 161.5C 214C 154F(CC} 1 mm @21C 345 0.9449 @25/4C — 50 ppm
Cyciohexanone 115.6C ~45C 111F(147CC) 10 mm @38.7C 3.4 0.9478 @20/4C 1.1% @100C —_ 25 ppm
Cydlohexylamina 134.5C ~17.7C 69.8F - 342 0.865 @h2s/25C - — 10 ppm (skin)
1,2-Oichiorobenzene 180-1B3C -17.5C 151F — 5.05 1.307 @p20i20C 2.2% B.2% 50 ppm
1,4-Dichiorcbenzene 173.4C 53C 150F(CC) 10 mm @54.8C 508  1.4581 @20.5/4C — - 75 ppm
Diegthylamine 55.5C -38.8C ~0.4F 400 mm @38C 2.53 0.7108 @20/20C 1.8% 10.1% 10 pprn
DEP diethyt-o-phithalate a02c ~40.5C A26F(OC) — 766  1.110 - — 5 mgjm?
Dimsthyl phthalate 283.7C - 295F(CC) 1 mm @100.3C 6.69 1.189 @25/25C —_ — & mg/m®
Dimethyl sulfale 188C -31.6C 1B2F(OC) - 4.35  1.3322 @20/4C — 0.1 ppm (skin}
Ethanol 78.32C — 55.6F 40 mm @19C 1.9 0.7893 B0/maC 3.3% 18% @60C 1 [yl
Ethy! acetate 77.15C -83.6C 24F 100 mm @27C 3.04 0.8946 @25C 2.2% 1% 400 ppm
Ethyl butyl ketons 148C -36.7C 115F(OC) — 3.93 0.8198 @20/20C - —_ 50 ppm
Ethylene gtycol 197.5C -_ 232F(CC) 0.05 mm @20C 214 1.113 @25725C 3.2% — 50 ppm
Ethylene glyocol n-butyl 168.4-170.2C — 160F(COC) 300 mm @140C - 0.8012 @20/20C _ 50 ppm (skin)
sther
E(hyihe:. glyco! monosthyl  135.1C —_— 202F(CCY 3.8 mm @20C 310 0.9380 @15/15C 1.6% 14% 5 ppm (skin)
athar
Ethylene glycol monoethy! 156.4C — M7FICOC) 1.2 mm @20C 472 0.9748 ©@20/20C —_ — & ppm (skin)
alher scatate
Ethyl glycol moncmethyt 124 — 115F — — 0.9663 @20/4C - — $ ppen (skin)
ather @757mm
Ethylene glycol monomethyl  143C —_ 111FCC) — 4.07 1.005 @20/20C 1.7% B.2% 5 ppm (skin)
ether scetate
Ethy! ether 34.6C -116.2C —49F 442 mm @20C 2.56 0.7135 @20/4C 1.85% 36% 400 ppm
Formaidehyde —3F — 122F-185F —-— —_— 1 7% 73% 1 ppm
Formamide 210C 2sc 310FICOC)  29.7 mm - 1.134 @20/40C - — 20 ppm
@129.4C 1.1292 @25/4C
Furfural 161.7C —_ 140F(CC) — s 1.181 @20720C 2.1% 19.3% 2 ppen
@764mm
Furtural alcohol 171C -31Cc 187F(OC) 1 mm @31.8C 3.37 1.129 §@20/4C 1.8% 18.3% 10 ppm.
@750mm
Heplane 98.52C — 25K(CC) 40 mm @22.3C 345 0.87 @20/4C 1.05% 8.7% 400 ppm
N-Haxane 69C — ~8.4F 100 mm @15.8C 297 0.8603 @20/4C 1.2% 7.5% 50 ppm
Hexone 118 -— 62.6F 16 mm @20C 348 0.803 1.4% ?7.5% 50 ppm
isoamyt scetate 142C - 77F - 449 0878 1% @212F 7.6% 100 ppm
isopropyl acetate 88C -73C 39.2F 40 mm @17.0C 352  0.847 @20720C 1.7% 7.8% 250 ppm
1sopropyt aloohol 82.5C —88.5-~89.5C  53IF(CC) — 2.07 0.7854 ©@20/4C 2.5% 12% 400 ppm
isopropy! ether 68.5C ~6 ~18F(CC) 150 mm @25C 3.52 0.719 25C 1.4% T9% 250 ppm
Methano 64.8C -97.8C S4F(CC) 100 mm @212C 1.1 0.7915 gp20/4C 6% 36.5% 200 ppm
Nitroethane 114.0C -80C JO06F 15.6 mm @20C 250 1082 4.0% - 100 ppm
Nitromethane e - 95F(CC) 27.8 mm @20C 29 1.1322 @2s5/4C 7.3% — 100 ppm
1-Nitropropans 132C foad B3IF(TCC) 7.5 mm @20C 3.08 1.003 @20/20C 2.2% -— 25 ppm
2-Nitropropane 120C - 82F(TCC) 10 mm @15.8C 308 0.992 @20/20C 2.6% — 10 ppm
N-Pantans 36.1C -129.7C ~40F(CC) o~ e 0.64529 @0/4C 1.4% 8% 800 ppm
Propyisne gtycol mono- 120C --96.7C 100F — — 0.919 @p2s/25C — o 100 ppm (skin)
methyl ether
Pyridine 115.3C - 68F(CC) 10 mm @13.2C 273 0982 1.8% 12.4% S pom
Stoddard solvent 220-300C - 100-110F — — 10 1.1% &% 100 ppm
Styrene 1460 -31C 88F — a6 0.9074 @20/4C 1.1% 6.1% 50 ppm
Tetrahydrofuran 65.4C —_ 1.4(TCC) 114 mm @15C 25 0.888 @20/4C 1.8% 11.8% 200 pprm
Toluene 110.4C ~95-94.5C 40F(CC) 36.7 mm @30C a.14 — — — 100 ppm
1,1.1-Trichioroethane 74.1C —_ None 100 mm @20.0C — 1.3376 @20/4C — — 350 ppm (skin)
Trichioroethylene 86.7C -73C B89.6F 100 mm @32C 4.52 1.4849 20/4C 12.5% @ 80% 50 ppm
> 30C
Turperitine 154-170C - 95F(CC) - 484  0854-0.868 0.8% — 100 ppm
@25/25C
Vinyl acetate 73C -92.8C 18F 100 mm @21.5C 3.0 0.9335 @20C 26% 13.4% 10 ppm
VM&F Naphtha 80-130C < -73C <OF — 250  0.730-0.750 1.1% 5.8% 300 ppm
@15.6/15.6C
Xylene 138.5C —47.9C TIF(CC) 8.72 mm @21C 3.68 0.864 @20/4C 1.1% 7.0% 100 ppm
BP, boiling point; C, Centigrade; CC, dlosed cup; COC, Cleveland open cup; F, ; LEL, lower limit; mm, mm Hg; MP, melting point; OC, open cup; ppm, pans per milion;

TLV, threshols limit value; TCC, Taglibue closed cup; skin, potential exposure contribution due to culanecus ebsorption; UEL., upper expiosive limit.
Constructed from rets. 2, B1, and 102.
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Table 2. Blood toluene concentration and physical signs and neuropsychiatric effects at the collection of blood

Toluene in blood Age Sex Signs and symptoms
(ug/e)
22.8 21 Me Twilight state
20.5 21 M# Slurred speech
17.8 22 M Twilight state
11.6 24 M Staggering, Slurred speech
10.1 27 M Twilight state
9.9 19 M Tremors
5.2 16 M Staggering, Hallucinations, Delusions
4.1 19 F Slurred speech
3.1 15 F Tremors, Hallucinations, Delusions
1.7 i6 M Hallucinations
0.9 17 F Hallucinations
0.8 25 M Hallucinations, Delusions

M : Male, F: Female, ?: Same person on different admissions at an interval of six months

2. 3. Methanol
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2. 4. Ethyl acetate
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ethyl acetate ethanol acetic acid
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Biotransformations of benzene
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Biotransformation of xylene
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2. 8. iso-Propanol
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bon dioxide 52 2 o A}Elchie,
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Table 3. Gas chromatography condition

Column © 5% carbowax 20 M on 60/80 car-
bopack B 2mX 1/8" stainless steel
column

Column temp. : 80°C(3min) 10°C/min 180°C {(5min)

Injector temp. 180°C

Detector temp. . 240°C

Detector . FID

Carrier gas flow [ 20m/ /min (He gas)

H, gas flow : 30m/ /min

Air gas flow © 300m/ /min

L methanol
% I acetone
%' 3¥  ethanol
cyclohexane

4.2
ethyl acetate

.Fig. 3. Chromatogram of solvents
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4. 1. ¥ = 7t AFriza 0.5 HE-EEEA
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of WHAlA]Zl F 55°CollA] 2087 7h2 F L F7 A4S
GCell 51214 #AM%ct ojuf GC =71 PEG-
1000, 2m X 3mm id. column® & flame ionization de-
tector= RBAghc}, 2 o & thinner Im/E A¥E 3
(300g)ell AT FoiAlZl F 2+ A|ZhH toluene?] F%

¥ ¥ % chromatogram-&- Table 4 3! Fig. 49} o1,

Table 4.
organs of rats{pg/ /)

Toluene concentration in the blood and

Time(hr) Blood Brain Lung Liver Kidney Muscle

1 198 9.7 11.6 169 1.4 8.2
2 43.8 50.7 39.8 41.2 277 16.7
6 340 489 493 52.8 41.6 33.4
12 17.3 30.4 244 345 279 27.4
18 17.7 20,8 22.6 20.2 8.2 13.3
24 7.1 7.5 7.8 5.7 126 7.0
48 0.7 08 06 0.8 0.9 0.7

4. 2.9 7}58F viale] [N-NaCl 25m/. 20%- &€
B8 Sml. methanol 50ul2} - EFE H(ethylben-
zene) s 71gr F 71 A7) 23 1g& vhsted 35°C oA
ol 4] AEkA ) F 2 F71 A4S GOl F8lshe] B4

}.

4. 3 def o] A3 vialel 0.06M-ZnSO, -8 Im/=}

HHd - Hegd - FAE - Aol - AR

5
3 q
e —— e e e
0 4 8 12 min

Fig. 4. Gas chromatogram of the blood sample mixed
with the three thinner components and the 1S | ; Ehtyl
acetate, 2, Toluene, 3 Isobutanol, 4, o-Xylene(IS),
S ; 2-Ethoxyethanol -+ . non-treated blood

0. 28M-Ba(OH): 29 0.22m/E 73 ¥ ¥ Imie}
WHEEEAES A7 F Yolsle] 35°Cel| 4] 904-7F
A &A713L 21 7148 GColl 1) 8he] Bl ghr)z,

4. 4. Acidium citrium dextrose solution(4.8g citric

acid. 13.2g sodium citrate, 14.7g dextrose /1) 2m/E 1]

2% iso-butanol (Ist)

toluene

[

Fig. 5. Chromatogram of a human blood sample from
a toluene snifter
column | carbowax 20M, 2m X 1/8" SS,
col . Temp. ; hold 3min at 110°C, then to
180°C at 10°C/min and hold
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5. 1. Toluene2] 2 $1

Toluene Concentration in Fatal Cases(mg/ ! or mg/kg)

Blood Brain Lung Liver Kidney Urine

Average 13 19 3.6 30 21 4
(Range) (10-20) (10-44) (3-4) (13-47) (11-39) (3-9)

Toluene® = &FJeke] <F 20% = 37|, ¢F 0.1%
Fey 22 vpEslE A2 el o veA o
80% # %7} benzoic acid® AMEHE F AW glycined}
Agsle] hippuric acid A2 kol #A W&}

Nk 2o Bt
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Toluened] FEAHZ Q14 7F8 FolAvt A= 4}
2 73 F "3 toluened] F = 0.3~0.7mgfle| ]It
bE EF9 ¥EE 0~50mg/l2 Yehd 219 2
a7} gleme F AF4e] S BE Abgaliez

Holo] 2135l A5, 91 92 9¥ 7R EFD F
3l At 227 F ¥F FEE 07~4Img/le) FEE o}
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& 3001 Fel M9 FEE 0~1.5mg/le] FEE ey
et

=g EFd Y F ¥F EFD TE FovEd
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T e &S Fig 60l Mz nbel o] FolAle oF
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v AT Folrlel= 1047 o] 3R E 01 FEs) A
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I AHE toluene FX9] W3l v|-§-& B 935, Al
% & 3|4l toluene:ethyl acetate:iso-butanol = 8:1:1%]

4% 1mlE ATFASLT 1AE Foll 2 AR F zh
A7 w2 F EME A Fg 7oA BRe] AAL F
48X 774wl vhe] 282 A3 7 =, P, 4l
A, 5o AN FrMAAE BAS 53] 1ol 4

~ 200 A M :inhalation(1,500 ppm)
E 150 [ :inhalation (10,000 ppm)
3 @ :oral ingestion
[
.§ 100
o+
ol b
H

40

30

20
; —*
19- 10

0 i * ]
2 a 6 8 10

Time after exposure (hrs)

Fig. 6. Time course changes of blood

toluene concentration in rats after inhalation of I, 500ppm or

10, 000ppm toluene vapor for 0.5hour or oral ingestion of 400mg/kg. Vertical bars indicate = s.e.m. n == 5
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713 He Z7F vl8-% 2elen, toluene, ethyl acet-
ate, iso-butanol % ethanol(ethyl acetate®] ol A}Al)2
ALF 48A]747HR] AV E-Fel M 4 EE gl T)e.

A
300
o
g
Z 200 4
c
g B
& . -
I - -
£ " -
@ .
8 /_/ - _ _A/
8 100 - ES N - -

Time after death (hrs)

Fig. 7.
in rats tisses(gg/g. n == 5)
@—@ . brain, O— +~(; blood,
W — M lung, T—1{]; kideney,
A+ -A L liver, A---A; abdominal muscle,
7.+ .57 thigh

Postmortem changes in toluene concentration

5. 2. iso-Propanoi] Z 1"
Isopropanol and acetone concentrations in a fatal case
(g/1 or g/kg)

Blood Brain Urine

Gastric contents

Isopropanol 3.3 1.8 20 34
Acetone 1.2 0.6 0.7 1.0

5. 3. Benzene2| QP
Benzene Concentration in Fatal Cases(mg// or mg/kg)

Route  Blood Brain Liver KidneyUrine Gastric contents

Inhalation 0.9 5.5

Inhalation 3.8 13.8 2.6

Inhalation 20 39 16 19 0.6

Oral 38 253 105 21 20 9g
Oral 14 18

Hedsd - FAHE - Aol - e H

6. = FollA cHAHI R B4

6. 1. Gas chromatographyoi| 2|8l 844
xyleneq] hA}Ale]l hippuric acid}
methyl hippuric acidg GCE #43}7] sls| A+, 4

ol 2] FA71EE maskingsfol sle=dl, 2 W] o=

Toluene %

alkylation'*3} silylation2® 9| esterification ®¥}¥]o] W
o] apg-sje]=ld F Aol M= F2 silylation W
& ol o] &3l 9k

Alkylation #H3]-& 4712 &F alkyl group22

YA FA 7= wEEORE T2 OAMEEE Ak
diazomethane, 3-alkyl-p-tolylriazene -§o]| 2to]i2:
)2, urine 0.5m/el] 0.1m{2] 10N-HCI-E 7}8}ed 4+
Ao g g ohg W EEE M tridecanoic acid 25mg//
in ethyl acetate}d 7}8le] 5% F<l 2etA|3] F 3m/2
ethyl 2 o
(3-methyl- 1 -p-tolytriazene in ethyl acetate, 36g//) 2m/
£ 7}al ub-g-A17] F 50°C o}&lell A} ethyl acetateE 3
Wbl A B zkAlz] ok 0.2mle) chloroformel] 8-}
AlZieh. 7)o AN-HCIE Iml 7}3te] sfefe] wukg
methylating agent& A Ag o}-g 1 {713 245 GC
o Falste] Ao,

¥ diazomethaneg AF&3}= %2223 urine 0.5m/
o] ] 5% 58 (heptadecanoic acid in methanol)-%- 7}
g vhE 6N-HCI 3 u-g8 7}ele] Ao 3 ¥
ethyl acetate® FFaled 1 f7]%&o) 0522 anhy-
drous Na:SOs & 7}5le] st 8-S A AHA F
70°C  F8Ael| A evaporationA]?] &
diazomethane -ether-ethanol $-°4-8 7}&}ed A1) 4
uh-&-A)71 F- solventE evaporationA]%] t}g AEEIE
w4k methylating agent& 0.1 ~0.2m/2] methanol &
A A7 oHE GCE FA4 g}

ol BAzHL SE 30 =+ Ultra 2(cross-linked
5% phenyl methyl silicone gum phase)& A3}, o]
w] 2] chromatogram®} Mass spectrat- Fig. 8, Fig. 9%}
Fch

Silylation ¥ siliconel] %138 FA 22 <ls) A9
e w2 o)l AgE & AlokS BSA(N,O-Bis
(trimethylsilyl) -acetamide), TMSI(N -trimethyl-sitylimi
BSTFA(N,O, - Bis(trimethylsilyl) - trifluoro -

HMDS(hexamethyldisilazane), TMCS

acetate & methylating solution

solvent&

-dazole),

acetamide),

Journal of the Korean Society of Analytical Sciences



#71 Sol o] B} FA Fajed 199 A

o

fom) 2wy
3 0

[}

g

1. hipperic acid
o-mathylhippuric acid

2.
3. m-methylhippuric acid
4.

5. heptadecanoic acid(IST)

salicyluric acid

Fig. 8. Chromatogram of metabolites of toluene and

(trimethyl-chlorosilane) o] F& o|vi, ¢ Wiz}
o] x & ethyl acetate 2 323 th-& 45°C oil bathol

4] dry nitrogen® 2 solvent& evaporationA]%l t}-&
TMS—  HT(HMDS:TMCS: pyridine=2:1:10) =&
BSTFA % silylation Aj2F& 504 FYq F 75°Col| A

103473} 98417 o} 2 AFef | ~248 GColl 394

A|Ze}24, oluf GC 243} chromatogram-& Table 58}

Fig. 1033 7}c},

xylene
-0
3
L]
"
Ll
2 ad :
S
O~ - JKJ\
o 4 =
31
- -~
A
100 -
4 0
g
J M =193
A A L Il
2 r ey T - T v v r—
9:, 7% C 200
o
éso- 2}
o° M =207
& 25 I I
1
O A, it ! | 1 t —
r l@ T L4 Y T T v Al Y T T 1
754 200
504 13}
251 l M =207
[o) A ul 1 X L A JL
100 i T T o

Fig. 9. Gas chromatographic elution pattern(A) and mass spectra pattern{B) of methylesterified urine extract from

a volunteer exposed to toluene and m-xylene vapours (1) in A and B = hippuric acid, (2) in A and B = m

-methylhippuric acid, (3) = heptadecanoic acid (IST)

Chromatogram of TMS ester of benzoic acid, hippuri¢c acid and lauric acid

Vol. 5. No. 3, 1992
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CUHICH,COM CONICH,COOTHS
3 ¢ Me,SICL + Me,5i-NI-Sike, Ji%'_i? 3 cucl L
R pyridine R
R=H, CH,

Table 5. Gas chromatography condition

Column . HP-1 (cross-linked methyl
silicone gum phase)
5m X 530 micro column
Detector . FID
Column temp. © 70°C (10min) ™™, 156°C (Smir)
Injection temp. : 240°C
Detector temp,  © 240°C
Carrier gas flow  © 20m/ /min(He gas)
H, gas flow 1 30m/ /min
Air gas flow © 300m ! /min

1.

X el A hippuric acid®} methyl hippuric acid]
GCE ] 43 ¥e)¥ of-¢ 53kl o, toluened) 7
i 200ppme] el x&E Algte] A%
hippuric acid®] F%X+& 4.12~8.65g/I(3F 5.97) A =2

B9 el FAE - Aol - AFR

&=, xylened] 7§, BF £3] 20]& xylened
m-isomer7} 75~85% A EE o]F 7 m-xylened] &
= 1005} 200ppmell ] 8A17F x&E A% m-methyl
hippuric acid®] $x& 27t HF 1.9g/i9} 4.6g/l2
ebgele. 28]y} toluene®] wfA}A| Q] hippuric acids
toluene F¢ #at oluz} stylene FUA|o] A=
EAolr, v]97] B A2 benzoateE H7IRE S419
A&l A% benzoic acid®] A1) quinic acid7}
giElo] dorg o529 43 sAE AE
gleh. ol 2 A Akele] neofl A hippuric acid?] FE
7} 35~1400mg/l B =7} sl ke BIsEo)
Lo 2 2 hippuric acid®] ¥ %2 toluene F¢] H¥-F
s sl7) o= Al e ALE 48 sl
Bezened] Wl A<l phenole] ¥-4-& B9 & ol g}
& phenol& glucuronate?} ZA§-E & conjugated phe-
nol2 g} old A¢E #AF7] AAshA phos-
phoric acid £x3}ell =& 7tdsle] rlpEaalzle}
25, o] & polyethylene glycol columnel] E3A1H #38]
% phenol& #8170 ¥ chromosorbw coated with
10% polyethylene glycol 6000 columnol] A} ¥4 8} v}
£ ZkEiAlzl F 3744120 o 10N-NaOH=

=

16.77

7.75 benzoic acid

lauric acid

18.58 hippuric acid

apend-puuncrcg JPY § |

7.75

benzoic acid

16.77 lauric acid

1582 18.58 hippuric acid

Fig. 10, Chromatogram of TMS ester of benzoic acid hippuric acid and lauric acid.

A) ! standard, B) : rat urine.
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Z3x]7] 2 ethyl acetate® &3¢ ©}S sl
methylationA]Z] ¥, SP-2100, 3% on Supelcoport
100/120(Supelco)®] columng A}-&-3le] GCZ ¥A s}
71% g} 2 92 benzeneol X &= 33 Z2A}
£ ol Aol A7 woll 9] phenole] ¥ o}
53 2,

Worker Phenol concentration (mg/ [ )
A (morning) 18

(afternoon) 17
B (morning) 21

(afternoon) 21

BenzeneS &3 &HA) 48X]7F Well 51~87%7} phenol
2 A} wiEE 3 6% catechol®, ¢F 2%+
hydroguinone 2.2 #l&5 2627wl o g 0.5~4.
Oppm®] benzenesl =&+ 7S phenol®] FX+
30mg/lE Z3}etA] of o 25ppmel| eFE = A F
£ 3 200mg//9] phenole] H&E k= Rt o
2 a#d 44]le] el A% phenole] &= =d],
ol 2lobE, oFd, ZrIR o H&e 7ldse A2
2 aedd glon okEg A8 Bg3ba o2 b
2] 3xoflA] phenole] - 5mg/l(2079. 407 sample)7}t
&5 3, o]l & colorimetric measurement& 7]
Z2 g ¥ 2 2 phenold FAE wdEo] alovt ol
E 79 32Fe] phenol FEE Mol o]+ ben-
zene?] oAbl 7} obd p-cresol 59 k4] <3kl Ao
2 a8 A qlrs,

Methanol2] tAlA .l formic acid®] 7-§-+ o]
v} 0.5mlell c-H:S04 0.3miE H71EF F gt
bl 8] wurA) 7l F Al 2ol A 0.08m/2] methanol-ace-
tonitrile(7:1) &§H-84-& 7FE F 45°C 84 el A 20
F2F wr-g A7 oFg o1 S A GOl 590417 §4
ghepso. oo GC+= porapak Q 2m x3mm glass col
umn % HP-FFAP(cross -linked FFAP)ollA] -4 &}w
1 chromatogram~> Fig. 113} zhc}.

Methanol §3] Ab22] 79 formic acide] 7+ #4714
X% = Table 63 2},

= 98 9] methanol &% x5 % formic acid®] &

Vol. 5. No. 3, 1992

s

TINE (min.)

Fig. 11,
blood

Typical chromatograms obtained from human

A | Blank blood,
B Blank spiked with formic acid,
ethanol and acetonitrile (IS) .
1} methanol, 2, methyl formate, 3 ethanol,
418

Table 6. Postmortem distribution of formic acid

Specimen Case 1 Case 2
Blood, mg/mlL? 0.32 0.23
Urine, mg/mL 2.27 0.47
Brain, mg/g 0.11 1.17
Liver, mg/g 0.54 0.51
Kidney, mg/g 0.13 1.19
Gastric contects (totoal), mg 108 23.2

&Heart blood.

£ 547 23 % methanold] =7} 0~1.2g/
(347 0.6g/helem ol HF formic acid®] FE+
8~ 134mg//( 7 56mg/l) 2 vhepytr)sr,

n-Hexane®] 73-% WA}l <l 2, 5-hexanedione2] £

7932 X Smi teflon screw cap glass tubedl] ¥ 1,
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0.2m/2] n-buthylamine& 7}&le] FukA}z) b8 60°C
off A 3087 7Rt 1 ¥ o] Mo w Yrhalzl
% 1ml9] isopropyl ethers} ztz} 50mg®] NaCls} so-
dium dodecyl sulfateg 7}3}e] ub7) 2 oF 1587} &
HEA]Z) o}-g isopropyl ether &8 S50mge] anhydrous
sodium sulfate”} £ £-7)e) gfo} £3-& AAAD £
GCell Fd3}r}.

ola] M 23 1 chromatograme Table 75 Fig.
12of) vebl e}

HC
=0

a
+ CHeCH-CHy-CHH,  —> | 1
3 H,C N CH,
1
Cqfl

-0

=0

Torg—Q

K,C

2,5hexanedione n-butylamine mbutyl-2,5-dimethylpyrrole
(BOP)

Derivatization of 2, 5-hexanedione

Table 7. Gas chromatography condition

Column . DB-5 methyl phenyl silicone,
25m X 0.32mm column
Detector FID
~_ 10°C/min
Column temp. 100°C (imin) —————250°C (10nm)
Injection temp . L 2000C
Detector temp, . 250°C

Carrier gas flow 2m/{ /min(He gas)

6. 2. Ton chromatographofl 2|8t £44

X Im/o] IN-HCIZ A4 22 &led acid formo. &
FelAlZl F wel2ag  AAI on Guard-Ag
Catridge & A A o] & A A7 F 1Co F
alste] Fesbe olaf IC =#7} chromatogram-
Table 8 % Fig. 133} 73t}

Toluene 57] WA A=A & o]438le] 4&F7E A
& Ee] Rului 240 X5 E 1%} HEE §7
Al#H Spragun-Dawly( 5, 190~210g)E 1054 2427}
Aoz 53] FYAA F FEEH YT wE S

S B AR Aol - WER

ju , /KJLJv\L

TIME (MIN)

Fig. 12, after

derivatization step. 1 : Blank urine. II: 50ug of 2,5

Representative gas chromatograms

~-HD spiked in 5 m/ urine. A ! excess n-butylamine,
B . derivative BDP.

A7 HHIF A} HAxeNA hippuric acid ; 112~
664g/mi, benzoic acid : 250~ 600ug/mio] T 55 roff
AJ+= hippuric acid ; 63~1262ug/mi{Z4 WA} 55
32o) xbo)r} FEidtA] kot FE ko)A benzoic acid
= 722~4066pgimi 2 HAmel @A 2ol 7} 24l

C‘_J&_

Table 8. lon chromatography condition

Detector : Conductivity
Seperator column HPIC-AS,
Eluent 1. 5SmM-NaHCOQ,
Eluent flow rate(m/ /min) s

Suppressor AMMS
Regenerant . 12.5mM-H,S0,
Regenerant flow rate(m/ /min) © 3

Injection volumn(y /) ©50

Journal of the Korean Society of Analytical Sciences



$7] £o1%el B4 2o Batod

Fig. 13. lon chromatogram of pretreatment of urine by
OnGuard-Ag cartridge

A and B; unknown, C; hippuric acid,

D ; o-chlorobenzoic acid (INSTD),

E ; benzoic acid

6. 3. High Performance Liguid Chromatographyoi|
ot 84
Hippuric acid®} benzoic acid®] £-4 7§, ¥ =
3ol WEEFEEAE acetonitrile S 713 thE wukA]
A F AT oS 2 439 0.2um Nalgene
membrane filter 2 particulates& | 7] A1) ¥ HPLCell
Zq]aled Falshe=dl, ol HPLC #7312 UV detector

a b c d

r""‘J\L i

[ W DS ST WY | U WA G R GO ¥ VT VU WO S SN ) VAR W T

J ’“’Y—"‘} _sz J_ ﬂ‘;._ﬁurtw-m_

PN Y VS WD VN W WU T G S WU TN WIS || G S S S B |

203 A

£ 2}-83tod Yanapak ODS-A column® 2 235nmel] 4]
mobile phaset= acetonitrile: water:acetic acid=35:63:
2R T 5 1.0ml/ming 30°Cell &4} #-2]3438} ¢ 2.
v 1 chromatogram-2 Fig. 142} 7).

Hippuric acid ® methyl hippuric acid®] 7§+ ol
R EFEA 2 o-methylbenzoylalanineg& @-& ¥ Al
Ao 2 2% o}-g methyl-t-buthyl ether® 3=&35}o]
A4 7FA2 &9 E evaporationA]Z] F ©]E mobile
phaseol] 48417 HPLCZ ¥-e]sh=u], o|u] ¥4 271
2 Supelcosil LC-18, 5zm, 150 x4.6mm column®. i
Waters model 450 variable wavelength detector & 4]
&}y o]w] mobile phasex= potassium phosphate buffer
(12.0mM,
4.5:4.501c}35. 150ppm2] toluenei} 150 ppme] xylene
£ 5217 Bt FiA12 Foll A AJ nol M) BAL
Fig. 158} 7t}

pH 2.0):methanol: tetrahy drofuran = 91:

6. 4. Ultraviolet Spectrophotometry0l] 2|t Bty

Urine 0.5m/E 100m/2] volumetric flaskol] g ol 5%
TE 7hs 20m7k HA & F 6N-H.S0. ImiE 7}3t
of Al e 2 & F 20% isopropyl alcohol in diethyl
ether 20m/E 5 ¥ F&%t} o|df alcohoiZ2 E 3}

O 1 4 6 8100 2 4 6 S100 2 4 & 00 2 4 6 8100 2 4 & BWO 2 4 & BI00 2 4 & W0

TIME ( MIN )

Fig. 14, Representative chromatograms from (a) blank plasma,

(b) 1004 ! of plasma spiked with 200gg of

hippuric acid (A) and benzoic acid (B) and 25ug of internal standard (C), (c) plasma obtained from a volunteer
after administration of 0.08g/kg sodium benzoate, (d) blank urine with internal standard, (e) 200y / of the same
urine as in (d) spiked with 100xg of hippuric acid and 250xg of internal standard, (f) ten times diluted urine
obtained from a volunteer before taking sodium benzoate and (g) ten times diluted urine obtained from a volunteer
after administration of 0.08g/kg sodium benzoate, ¥ indicates the anticipated peak appearance.
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@ HA

m.MHA
p-MHA
o-MHA LS.
® Ha
m-MHA

Fig. 15. Representative HPLC chromatograms of
rabbit urine : (A) hippuric acid and methylhippuric
acids standards added to control urine(for concentra-
tions see text) ; (B) rabbit exposed to a mixture of
toluene (150 ppm) and xylene (155 ppm)by inhalation
(5h). Urine collected 2h post-exposure. Analytical
conditions as under materials and methods. (HA '
Hippuric acid ; o-, m~, p-MHA [ 0-, m-, p-methyl-
hippuric acid ; IS : internal standard) .

Z8§5ojx| . ether 29t #ated o]E 230nmol| A
hippuric acid®] absorbance & Al 1 FEF

i

6.5 wollM ZEE 5 YE R7ILHES 24
A7 Ao xell A 1406 F9) F7]4HEC] GCel
ola) AzEgdon, o7l o 7HA &7 72

% Bl RAE - Aol - AER

3 g 12 15 16 &0
17 A
7
6 ho
! g
| 13
R 14 .
' | i
ii 1y ‘
al 4 L | |
\.JJ “ Llh 'nL»g_:a‘ A J.»J.} ik J.lj. .‘IL&I.LJ "_.‘\,_l.(..uJ-LJL
1345 12 15 20 16
;ig a.ho B
‘*1i 17
‘ i
' H 7
%
\ | 8 1" :
14 19
i t 1 J
| {‘HEL“- L1, }
! iJ " L : "LJ v L’ l‘ AlL] lJ.‘ “""&li’bll,k"' “""J‘L&ELLJ_.

L ! il | ' i
5 10 15 20 s 30

Time (minutes)

Fig . 16 .DB-1 (A) and DB-1701 (B) urinary organic
acid profiles of a patient with propionic
Compounds identified are: | = lactic acid, 2 = 2-

acidemia.

hydroxybutyric acid, 3 = 3-hydroxypropionic acid,
4 = pyruvic acid (oxime), 5 = 3-hydroxybutyric acid,
6 = 2-hydroxyvaleric acid, 7 == 2-ketoisovaleric acid
(oxime), 8 == urea, 9 == 2-hydroxyisocaproic acid, 10
= 2-hydroxy-3-methylvaleric acid, 11 = propionylgly-
cine (I), 12 = capric acid, 13 = adipic acid, 14 =
tiglyglycine (I), 15 = p-hydroxyphenylacetic acid, 16
== hippuric acid (I), 17 = methylcitric acid (2R, 3S).
18 == methylcitric acid (28§, 35),
henyllactic acid, 20 = pentadecanoic acid.

19 = p-hydroxyp-.

Fd 5 == ek AW {50 o5t FH) A
AAY 2 2ot GEtA = dich. @477 o) #
7|AHE-2  diazomethaned ©]8-8led methylationA]7)
¥ TLCE #21353}741}, Ton-exchange column-g- o] &
&te] F-elgt F GC= $44278}4 14, ethylacetate, ether
£o82 F2% t}& BSA3® X+ BSTFA o8
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Table 9. Mean concentrations of oxocarboxylic acids and hydroxycarboxylic acids in the urine of 15 normal

individuals and 15 diabetic patients with ketoacidosis

Compound Mean concentration + S.D. (gmole per 241h)
Normal Diabetics with
individuals ketoacidosis

Valine metabolites ;

2-Oxoisovaleric acid 13+ 9 35+ 29

2-Hydroxyisovaleric acid 7+7 252 + 593

3-Hydroxyisobutyric acid 122 + 58 691 + 687
Leucine metabolites ;

2-Oxoisocaproic acid 32 16 + 10

3-Hydroxyisovaleric acid 48 + 20 101 + 62
Isoleucine metabolites :

2-Oxo-3-methylvaleric acid 22 + 13 48 + 24

3-Hydroxy-2-methylbutyric acid 13+ 7 40 £ 30

3-Hydroxy-2-ethylpropionic acid 64 £ 32 258 + 167
Ketone bodies :

3-Oxobutyric acid 156 + 128 6800 + 5900

3-Hydroxybutyric acid 15+ 19 2800 + 2300

silylationA] 7130 & GCZ E-Aslgd v, olu AH8-5
+ column® 2+ DB-1(fused silica capillary column,
Durabond-1), DB-1701(Durabond-1701), fused-silica
capillary column coated with OV 1701 o8 £A3}
o 1 BA-& Table 92} chromatogram-& Fig. 163}
e},

7. 24 At

7. 1L 228 £ Al Al

A& OO AAMNA 923 1Y 23§ AlA 22, 30
Al 71eEel GA7) AF $Y E R2dA] B e
el A FUBI AR 95 wErlA] do] &
A Al ApH e 2 da F EF9l9) FE+& 40.5ppm
22 Pt

7.2 W5 B2 Al AlT

A OOFAANA 924 99 2= Aoz, 19
A dAbrh okhE A& Bt WsE eld gap
g shebt Y A Aoz 4F gmee 7
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297 Ao, 83 EF
5o

Ae] FXE 24.2ppme] A

7.3. d4Ee EER HE AR

A& 007 ZM A 91d 949 o2& Aoz A}
FAoE E=g F431 109 Aind 790) B=F
Fdslch AR AR o2 ol 5o YL 23R ¢
skevt, ZAEE AAste 23 nwolA EFNe
2z} 247b 0, 0.20, 0.23, 0.05, 0.34, 0.17, 0.23ppm S
2 A& At

$.d &
ZE f7] el Rk AAIES B4 2w FollA
o] 7 J"é‘«] S o s 8% ofu)E A
Yz oler 53 7 F4l B ¥ Ml

4] A== EAlo] o2 2 head space W& o] &
g GC #Ae] vl-§- Jxstuz F4] wdog A
o] 7lsEht, ol 4 A2 A F x|z 9] Aw
AlZbel whe} wi-$- Abodt HAFE RolmE Ab FA
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