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ABSTRACT. The study of the solid phase extraction (SPE) technique using activated carbon fiber (ACF) as a sorbent
was carried out on the schedule chemicals in water. 14 different schedule chemicals, which are the hydrolysis products
and simulants of chemical agents such as alkylphosphonate, thiodiglycol etc. were selected for the study. Pyridine was
used as a promoter to increase the derivatization efficiency, especially to improve silylation of 3-quinuclidinol. To
improve the recovery efficiency of amines in the water solution, 1 mL of 5% EtsN/MeOH was introduced into SPE-ACF
before the water sample loading. Throughout this study, the optimum condition was established to detect rapidly above
chemicals in water.
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Fig. 1. Chemical structures for typical chemical agents, hydrolysis products and simulants. IMPA: isopropyl methylphosphonic
acid, MPA: methylphosphonic acid, PMPA: pinacolyl methylphosphonic acid, EPA: ethylphosphonic acid, CMPA: cyclohexyl

methylphosphonic acid, PPA: n-propylphosphonic

acid, EMPA: ethyl methylphosphonic acid, EDEA: ethyldiethanolamine,

TDG: thiodiglycol, bis(2-hydroxyethyl)sulfide, TEA: triethanolamine, QuOH: 3-quinuclidinol, DIMP: diisopropy! methylphos-
phonate, DEEP: diethyl ethylphosphonate, CMMP: cyclohexyl methyl methylphosphonate.
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AEZE A2l EMPA (O-ethyl methylphosphonic acid),
IMPA (O-isopropyl methylphosphonic acid), PMPA
(O-pinacolyl methylphosphonic acid), CMPA (O-cyclohexyl
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Fig. 2. Typical SPE cartridge.
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File : C:\Data\Inst~1\06\1_SPE-1\10205-12.0
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Acquired : 5 Feb 2006 21:12
Instrument : Inst

Sample Name: 0’0151‘0—5(10 0-1ppm}
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Fig. 3. Total ion chromatogram of silylated standard solution
containing each 10 pg/mL of target analytes.

Table 1. Acquired linear regression parameter for target ana-
lytes at the concentration of 2.5-12.5 ng/mL

Analytes R? SD Remarks
DIMP 0.9992 0.0067

DEEP 0.9995 0.0031

CMMP 0.9990 0.0136

EMPA-TMS 0.9996 0.0100

IMPA-TMS 0.9998 0.0085

PMPA-TMS 0.9992 0.0100

CMPA-TMS 0.9975 0.0269

MPA-2TMS 0.9981 0.0294  1.0-10.0 pg/mL
EPA-2TMS 0.9987 0.0178  1.0-10.0 pg/mL
PPA-2TMS 0.9995 0.0074

QuOH-TMS 0.9966 0.0057

EDEA-2TMS 0.9994 0.0250

TEA-3TMS 0.9961 0.0433

TDG-2TMS 0.9998 0.0076

9] 35hE-2 2.5 pg/mL ~ 12.5 ug/mL2] ol Al

9 Ae] fol4de] g Aoz T,

=
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"1__:_ ==

2 AgS Bo Fo) EAEEIEA gk gt
Aol A F=A3} vh-2-x712] BSTFA 200 uLE 4
1, 60°ColA F=2 308 53 HAI7IE 2704

QuOH<e| A&z} Hlg-o] SkAslA] oF3-o] W=«

SEA kA ekokr). oluba o 7 Alds) wke-2 vE|d
7 22 715 AP 7 vk S0t ek =
7AgFe] Qlorm s AAg vjd Al AAsH]
#3te] 500 uLe] BELAN (L] TAs T & 10 ug/
mL)ell #]29 H7FgE H3H0, 5, 10 uL)AA 60 °C
NA 60 5k AE3}t Hke-& AlFTE FEAs Bt
S=7 AAE S5 EA EuljolA A== £
= AR&ste] AE FEAS o] 385 v askel
t}. Table 20 B.3lnje} Zro] AE FE A5} kol
A JEd H7R= QuOHS] A=} ukg-ol &34 9l
< & ok S, 989 S uLE A7 A vk
£ 700 pL) QuOoH<e] AE F= A3} 9k T&-2
2 A7} Aol vlE) oF 37%<] A ZE 2o
Tk =3 Fig. 40 531 nje} ZFo] AA| A e
A 312 AH71EFe] 5715 QuOH-TMS |2

B

=
x5

Table 2. Comparison of the silylation efficiency of target
analytes as a consequence of the addition of amines

Silylation efficiency (%)

Analytes Amount of pyridine ~ Amount of Et;N
OuL  SpL 10pL 5puL
DIMP 99.8 977 988 101.1
DEEP 100.5  99.1 99.4 99.6
CMMP 940 938 948 96.8
EMPA-TMS  96.6 942 944 95.8
IMPA-TMS 98.8 964  96.1 97.1
PMPA-TMS 939 918 920 93.2
CMPA-TMS 855 84.6 843 87.3
MPA-2TMS 82.3 80.3 79.8 80.1
EPA-2TMS 85.1 83.1 82.4 83.6
PPA-2TMS 83.6 814 825 82.2
QuOH-TMS 54.1 91.0 108.9 110.6
EDEA-2TMS 972  96.3 96.1 94.8
TEA-3TMS 81.0  80.5 80.2 80.0
TDG-2TMS  101.6 100.0 100.4 100.0

o183

F g

pil

(11,0627 AX+= A& & 4 ik 224 Table 2
o] 2.Q1 Arfe} Fro] U MPAS} 72 bR v
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AL S SAA = AL YEley 5
& A ®Z SPE-ACF % 4% ufj ACFoll4] 42

HlE Fomz HIARE ALS Atk
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A2 FANF|A] = Aoz Uelylti(Table 2). ©|
Z7= QuOH ©]9]] 32 w]2ld 59 d7|A
7} glol= AEs) vkgo] & APHE B =
7= A=k

ool A¥E EdE A3 vk A58
500 pL, BSTFA 195 pL, ¥¥¥ 5 uLE 60
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i)
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SPE-ACFE ©]-&8lo] &4 A|5el4] TAs®] 3]
& AEE AE3H 5 amine®o] 4 AHA o]
Hol 2= A5 HABIT) Table 300 B.qlnfe} o]
QuOH-TMS<] 3]=&-¢] £3] A x(28%)3}1, EDEA-
2TMS % TEA-3TMS®| 3]5&-2 offh W 3|4
(87%, 79%)=] 3T}, SPE-ACF A2] A 8% A& £
A& 7+ A=™stEl QuOH, EDEA, W TEA®| 30|
27} A8 A AlE A= AhE B 9l3let SPE-
ACF %= A& A8 WA aleks A738ld &
SPE-ACFoll A &% loadingd}l?] Al Egje|eo}n]
= Ak APl &t d5E dAskh
SPE-ACF 7}E2|#]o|| Eg]oelolu] Hxj2]e] 4
S5 vetslr] a4 SPE-ACF MA 0%, 2%,
5%, 10% Et;N/MeOH (V/V) £ | mLE E35dl
Zof] MeOH(1.0 mL, 33])Z SPE-7}E& A& A|H 3}
I ABE FE3 3|58 v IS 3Tk Table
3 4 Fig. 50| B3l nje} Zro] AA A Egojelo}
1l 5527} 57FE o} F(QuOH, EDEA 2 TEA)
2 3|pgo] STk AdE RoFloy 4 Ak

F(IMPA, PMPA % MPA)®| 3582 23] 74
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Table 3. Comparison of the recovery efficiency of target ana-
lytes with various amounts of Et;N-MeOH solution as pre-
treatment solution

Recovery efficiency (%)

Analytes Et:N - MeOH solution

0% 2% 5% 10 %
DIMP 59.5 48.5 28.0 21.5
DEEP 66.1 56.0 33.8 29.5
CMMP 79.5 64.3 47.6 57.5
EMPA-TMS 93.2 922 84.7 85.8
IMPA-TMS 92.7 90.9 80.4 83.7
PMPA-TMS 88.4 83.7 80.2 92.9
CMPA-TMS 81.0 79.7 84.6 86.0
MPA-2TMS 105.6 91.9 87.1 80.8
EPA-2TMS 99.7 96.3 95.5 94.1
PPA-2TMS 99.9 98.5 99.2 100.2
QuOH-TMS 27.6 85.6 96.8 97.3
EDEA-2TMS 873 94.2 93.1 94.7
TEA-3TMS 78.8 94.8 94.9 97.2
TDG-2TMS 48.6 83.5 36.0 429
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