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The purpose of this study is the development of the
simple and precise sampling and analysis method of methyl
isocyanate(MIC) in the work place as their secondary
aliphatic amine derivatives by gas chromatography with flame
ionization detector.

The urea derivatives are quantitatively and simultaneously
derived from MIC with secondary aliphatic amines such as
dipropylamine(DPA), dibutylamine(DBA), and dipentylamine
(DAA) in methylene chloride.

The method is based on sampling glass tube in XAD-2
resin which is coated with secondary aliphatic amines. The
samples are desorbed by 2 methylene chloride and

(Vama & Guest, 1993, Cullinan et d.,
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analysed using gas chromatography with flame ionization
detector(GC/FID).

In the results, the detection limit of the overall procedure
and reliable quantity are ~ 0.020-0.027 (1.347-1.740 /
(0.529-0.684 ppb) based on a 15 L air volume) MIC per
sample. The average desorption efficiencies are 97.96 -
101.23 %. The results of versus storage time are high and
stable recovery rates.
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Dipentylamine, GC/FID, Secondary aliphatic
amines

and Hedth Administration, OSHA)

1997), Bhopd ges isocya  Governmental Industrid ~ Hygienists,
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chromatography(©] 3} HPLC)(Dollberg et al,
1980)2} 1-(2-pyridyl)piperazine 52| 1=
Azt Aekow  HAA¥  impingertt
XAD-7 resine ©|-&3 AH]H HE7|7F
%l HPLC (°]3F HPLC/UVD)* S (Doll-
berg et al, 1980; OSHA, 1996) 5°] it}
T impinger] FEAZ AlFoR
dibutylamine(®]5} DBA)S ©]-8-3}] HPL
C/mass selective detector(©]3} MS), GC/
MS, 28]al  GClthermoionic  specific
detection(®]3}  TSD)WH(Daniel et al,
1998)0] o]FAA 11 glon, # ATE A
H§o2 BHFOZ AN 4 Q= o
27 5{2000)2] GOFIDe]| <&k -9y
= A8l 3715 MIC 2441 AF A
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1. 717 H AJe

AHESE AJ9RS Fluka AGAFS] dipropy-
lamine, dibutylamine, dipentylamine= A&
o113,  methyl  isocyanate™  Curtius
rearrangement W © 2 A Z38l0] ALES
RO 71 8] Aok 17 ASkE a2
ARSI 01, amberite XAD-29} XAD-7
resin?} silicagel- SigmaAl A& ARE-a}
Atk =S 7] F9U0E 30 low volume
air sampler(LFS 113DC, Gilson, US.A.))Z
AREYE

S 918K Gas chromatography/
Flame ionization detector(DS 6200, Donam
Instruments Inc. Korea)ol —EC-5(Alltech,
USA) capillary column 21310} ARg-a}
k.

2 Alsid II:I=<II

o% ARFE AF AW 23 oF(dipros
pylamine)) 200 ({2 40-70 mesh®] silica-
gel, XAD-29} XAD-7 resin 2.5 goll 22}
Y31 15 ml®] methylene chloride %7}t
T evaporator® -y 7S] FH I,
FHE resine & 2 120 ng® F
A3 vk, frel o] el 0749 mgd)
MICE F3tal 7N E 2715 AR
319 0.1 m/min®] FFOZ 1A 5
595§ AolA 24A7F B3R
methylene chloride® &35} GC/FIDZ
&S B0, B42AL g
Table 12} 2T} 7 resin'® A|&E5+= 57
Aoz 3t
Q) 22-&re] 4%y

XAD2¢] F39 MICS] AH3t &ahg
s A7s7] $18197 toluene, acetone,
isopropyl alcohol} methylene chloride 10
mlE AREto] DPAZ coating® resin®]
3" MIC 247549 2358 74

Eyis
Q =Mat L=t ME T (sensitivity and

MICO] 3455 7]Z0% 054, |

o, 20 3552 212} 74 o e}
PHES FHa

@) 2 ==Y 28 =4

DPAE coating®l XAD-2 resin®l| 345
5] .54, 18, 2009 MICE &3 &
gz gasle] gags St

Zb A% 23 oFRIR1 dipropylamine(©]
3t DPA), dibutylamine(®]3} DBA)%}
dipentylamine(or diamylamine, ©|3} DAA)

Table 1. The operating condition of GC/FID

% coating® XAD-2 resin 120 mg¢] F3
H 2] o]l MIC 05322 pg& THA 7S
low volume 7HQJIAE 7|5 AREE}o]
0.1 m/min® = Fsp] Wgsict Ux
 FEE A2 0)F ¥3¢4 )L
2 2e 2ysle] 2195¢ MIC 946
EAG S RIS AEE &
3672 E& 519, 3¢ 7¢ 109, 149,
2198 AEe 77 371 BA4s)sinh

6) 2 LARTH HESH

7k QAREAS] GOFIDOIA 9] &3
Al(limit of detection, LOD)E NIOSH(1995)
7F AXEE ol wet 10719] Al2E AL
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HAZH] AF3)7]2)(Y=mx+b) S 245t
o 7} A9 71digky) # 35 2 2K stand-
ard error of regression, sy)E -3t T2 o}
Hg 22 Aog AZAE Tk
LOD = 3sy/m (m=7]-27]),
sy = [X0i - )"/ (N2 (N = AEF)

(7) SHEH AY

A3kot Gl A3} resin A YA] B2ME
HlWE 9J3l SPSS(Statistical packege for
the social science) 10KE ©|-&35}o] H|E 4
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R, B 9 Hbgso] W 3
TE HIE 3 TAHEAS o] galo]
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frolde Asisith

. A&t
1. Resin MA

3715 MICS EAWHle] AHEs

Description Condition

Detector Flame Ionization Detector
Injection volume 1l

Column EC-5(30m < 0.32mm X 0.25/m)
Carrier gas N

Gas flow rate 1.0 m{/min

Split ratio 14:1

Oven temperature programing

50 C for 1 min : 10 C/min to 200 C for 5min




resin resin

Table 2 XAD-2
resn 10034 %  slicage, XAD-7
(p<0.05).

Table 2 The desomtion retes for eech
resin of MIC derbetives
Desorption
rate(%)
80.65£2.38
XAD-2 100.34+2.84
XAD-7 95.36t1.92

snpesze: n=5; " memn +SD

Resin p-value

Silicagel
00031

MIC
toluene,  acetone,
isopropyl acohol, methylene chloride 2
ml Table 3
methylene chloride
2.93%
(p<0.05).

1009+

3. (sensitivity
and precision)

0.1873,
0.3745, 0.749 | 5
, Table 4
MIC (coefficient  of
varidion, CV) 317 %, 1/
24122316 area counts

Coaing XAD-2 tube  0.749
MIC 5 15
Table 5
99.23 %
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Table 3 The desorption rates for each eluert of MIC derdeatves
Eluent Desorption rate(%) p-vaue
Toluene 88.66+7.82
Acetone 84.9%+4.35 0.0175
Isopropyl acohal 90.10+7.78
Methylene chloride 100.9+293
smpe sz n5 ;Y men +D
Tahle 4 The sensitivity ard precision deta of MIC derivative
Target Conc. / 0.5x0.1873 1x0.3745 2x0.749
4389825 7238001 17676004
Area 4432709 7509998 18786401
counts 4510075 7302423 18905723
4727816 6996275 17477563
4598218 7438268 17890654
Mean 4531729 7297013 18265085
D 135352.8 199561.3 693440 CV average
cv 0.0299 0.0273 0.0380 0.0317
, Talle 8
N-methyl-N,N"-dipentyl(or diamyl) urea(
resin dipropylamine MDAU) 97274330  97.03t4.72
%
2
(DPA, DBA, DAA) coating MDPU, MDBU,
XAD-2 tube  MIC 05322 MDAU
K¢ (p>0.05),
K (Student-
, 6 GC/FID Newman-Keuls)
R 3 (21 ) (4 (p>0.05).
) .
N-methyl-N,N- 6.
dipropyl urea MDPU)
98B64+312 %, MIC
97294333 % (limit of detection)  0.020-0.027
(Table 6), N-methyl-N,N"-dibutyl urea( 15 L ar sample 1.347-

MDBU)
97.9443.46, 9827+360 %(Table 7)

1740 | (0.529-0.684 ppb)

Table 5 Cesomtion effisiersy of MO dedvathe

Target conc.  /sample 0.5x0.3745 1x0.749 2x1490
9.7 1034 945

Desorption 99.6 9.3 97.9

o 1013 102.0 104.0

0,
efficiency, % 1082 1008 %.9
_____________________ 04 M9 91

Mean 101.24 97.96 98.48

SD 210 254 352
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Tahle & The sfmne tests of Momethd BN dipropd Ures

. Recovery %
storage time . .
(refrigerated) (ambient)
(days)
0 97.7 923 931 97.8 U3 9.3
3 970 98.2 9.0 939 9.2 97.6
7 978 1013 97.2 98.8 1005 975
10 1029 922 9.8 104.1 %.7 985
14 1038 98.7 100.2 989 101.3 1034
21 973 94.2 95.6 101.2 1034 97.1
meantSD 97.29+3.33 9%.64+3.12
p-value 0.2197
Tahle 7. The stormpe tests of hpnathd N dibutyl Urea
, Recovery %
dorage time . .
(refrigerated) (ambient)
(days)
0 1020 1006 1015 98.0 1029 101.8
3 95.6 M3 90.6 9.1 920 905
7 97.7 %.8 1016 101.2 99.0 97.0
10 97.6 1010 98.6 1016 1002 974
14 913 %5 97.1 99.7 1011 9.0
21 1035 B4 1011 9.1 99.2 95.2
___mentD _%82m3& 9193k
p-value 0.7859
Table 5. The stmne tests of Mmethd 8 dipentyl ures
dorage time % recovery
(days) (refrigerated) (ambient)
0 95.2 97.2 89.9 974 95.2 101.3
3 99.2 105.0 909 924 9.0 995
7 106.3 938 U4 9.3 105.1 97.7
10 1011 974 %3 926 9.9 97.2
14 1024 1019 U8 1013 93.6 9.1
21 95.8 94.2 917 96.6 924 98.3
mean+SD 97.03+4.72 97.2743.30
p-vaue 0.8581
Danid  (1998)
(MIC) OHA dibutylamine
GCITSD
2 1-(2-pyridyl)piperazine MIC-dibutylamine
GC/MS, GCITSD  LCIMS
(OSHA Me
thod No.54) : :

2
dibutylamine dipropylamine, di-
pentylamine
GC/HD
XAD-2 resin
200-780 mmHg
500-600
mmHg
. MIC
0.020-0027 (1.347-1740 [ )
OSHA method 0072 (48 [/ ,19
ppb), Dannid GCITSD
MIC 5/
, 97.03-98.64
%
OHA method  96.1 %
( 13 ), GCIFID
2 , 1
1
2)
GCINPD  GC/ECD
methyl isocyanate
GCIFID



DPA, DBA, DAA
resn, ,

XAD-2 methylene

chloride GCIFID
1009 %
MIC

MIC 317 %,
/ 24122316 area
99.23 %

2

MIC
0.027 15 L ar sample
13471740 |
MIC
2
GC/FID
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