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Abstract

A determination method of 12 organophosphoric acid triesters in water

samples was developed. Water sample was extracted with dechloromethane.

The extract was dehydrated with anhydrous sodium sulfate and concentrated

to a volume of 1 m/ using Kuderna-Danish apparatus. Sub-ppb levels of

organophosphoric acid triesters were determined by gas chromatography/mass
spectrometry. Method detection limits(MDLs) ranged from 0.003(ODP) to
0.087ug/(TBXP). This method was applied to the analysis of environmental

water samples. Eight organophosphoric acid triesters were detected in

surface waters. In particular, TCEP was detected in each sample. Again,

TBXP was detected at higher concentration levels than the others.
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Fig.1 Structural formulas and abbreviations of 12 organophosphoric acid triesters

Table 1 Properties of 12 organophosphoric acid triesters

Compound CAS No. M.W. d mp.(°C) bp.("C) LogPow  W.S.(mgf)*
TEP 78-40-0 182.16 1.0695 -56.5 215-216 - —
TAP 1623-19-4 218.15 1.09 - - - -
TBP 126-73-8 266.32 0.982 <-80 289(decomp) 4.00 280
TCEP 115-96-8 285.49 1.425 -20 210~220(20mmHg) 1.49 8,300
TNAP 2528-38-3 308.40 0.96 - - - -
TDCPP 13674-87-8 430.91 1.518 - - 3.76 100
TBXP 78-51-3 398.48 1.020 <-70 222(AmmHg) 3.85 1,100
TPP 115-86-6 326.29 1.268 49.9 370 4.63 1.9
ODP 1241-94-7 362.41 1.090 -35 375 573 1.9
TEHP 78-42-2 434.64 0.926 <-70 216(SmmHg) 423 54°
ToCP 78-30-8 368.37 117 -25~-30 410(slt decomp) - -
TCP 1330-78-5 368.37 1.162 <-35 420 5.10 0.36

* Water Solubility

® Calculated from Pow value.
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Table 2 Operating conditions for gas chromatography / mass spectrometry(GC/MS)

Gas chromatograph

Detector

Ionization energy :

HP-5890 series II (Hewlett Packard)
HP-5971A( Hewlett Packard)
70eV (Electron Impact ; EI)

Ionization current : 300pA

Column

Temperature Column oven :
Injection port :
Transfer line :
Carrier gas

Injection mode
Sample volume

1

50 °C (1 min)
250 °C
280 °C

He (carrier flow 1ml/min, under constant flow mode)

J&W DB-5ms (30m X 0.25mm id., film thickness 0.25pum)

10 °C /min 5 °C /min

50 °C 285 °C

Splitless injection (purge activation time, 2 min)

Table 3 Characteristic ions for organophosphoric acid
triesters and internal standards

Characteristic ion, m/z

Compound Primary Secondary Secondary
TEP 155 99 127
TAP 137 177 99
TBP 99 211 155
TCEP 249 251 205
TNAP 99 239 169
TDCPP 381 191 383
TBXP 199 299 99
TPP 326 325 -
ODP 251 250 -
TEHP 99 211 -
ToCP 368 165 277
TCP 368 367 165
Naphthalene-dg 136 - -
Acenaphthene-d,q 164 — —
Fluoranthene-d,g 212 — —
Chrysene-d;, 240 - -
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Fig.2 Total ion chromatogram of 12 organophosphoric
acid triesters and internal standards
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Fig.3 SIM chromatograms of 12 organophosphoric acid triesters and 4 internal standards
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Table 4 Recovery tests(n=4) of various organophosphoric acid triesters

Fortification Level 0.2 ug/ 1 pg/
Compound Recovery (%) CV(%) Recovery (%) CV(%)
TEP 95.8 2.2 91.6 4.4
TAP 97.8 3.6 96.0 2.8
TBP 99.9 2.0 96.2 58
TCEP 107 33 104 2.0
TNAP 97.8 0.8 102 7.0
TDCPP 96.2 31 109 33
TBXP 99.5 6.6 106 7.0
TPP 99.7 21 112 1.6
ODP 93.7 2.9 108 1.8
TEHP 92.3 43 94.6 7.3
ToCP 95.4 2.2 105 53
TCP 99.5 3.2 103 6.7
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Fig.4 Calibration curves for 12 organophosphoric acid triesters
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Table 5 Recovery data(n=7) and method detection limits
of organophosphoric acid triesters

Fortification Recovery (RSD) MDL
Compound level(ug/l) (g, %) (ug/)
TEP 0.050 0.052 (6.2) 0.010
TAP 0.100 0.110(7.1) 0.025
TBP 0.020 0.021 (7.7) 0.005
TCEP 0.040 0.043 (10.8) 0.015
TNAP 0.040 0.040 (5.8) 0.007
TDCPP 0.100 0.105 (3.9) 0.013
TBXP 0.600 0.725 (3.8) 0.087
TPP 0.050 0.050 (4.3) 0.007
0184 0.050 0.049 (1.9) 0.003
TEHP 0.100 0.108 (5.6) 0.019
ToCP 0.050 0.048 (6.5) 0.010
TCP 0.100 0.098 ( 6.4) 0.020

Table 6 Concentrations of organophosphoric acid triesters in surface waters(unit:ug/1)

Sampling location and sampling date
Tone Werr, Oyahana Bridge, Akigase Werr, Sasame Bridge, Iruma Bndge, Hachijo Bndge, Takumi Bndge,
Compound Tone River Ara River Ara River Shingashi River Iruma River Naka River Ayase River
Oct 12, 1994 Qct 13, 1994 Oct 25, 1994 Oct 25, 1994 Oct 25, 1994 Oct 19, 1994 Oct 19, 1994
Feb 27, 1995 Feb 28, 1995 Feb 15, 1995 Feb 15, 1995 Feb 27, 1995 Feb 15, 1995 Feb 15, 1995
TEP nd nd nd 0.012 ad 0.047 0.067
nd nd 0.018 0.072 nd 0.040 0.091
nd nd nd nd nd nd nd
TAP nd nd nd nd nd nd nd
TBP nd ad 0.027 0.065 0.065 0.051 0.12
0.022 0.014 0.021 0.13 0.11 0.10 0.36
TCEP 0.022 tr(0.011) 0.087 033 0.062 038 0.75
0.066 0.083 0.064 0.23 0.25 0.22 0.25
nd nd nd nd nd od nd
TNAP nd nd nd nd nd nd nd
nd nd nd tr(0.010 nd 0.013 0.041
TDCPP nd 0.020 nd 0057 0.016 0.017 0.037
0.17 nd nd 0.44 nd 0.65 1.6
TBXP 0.53 0.54 0.74 18 1.9 18 22
TPP nd ad nd 0.021 nd 0.018 0.16
tr(0.006) 0.010 0.009 0.022 ad 0.023 0.055
oDP nd nd nd nd nd nd nd
tr(0.002) nd ad 0.003 nd 0.003 0.010
nd ad nd nd nd nd nd
TEHP nd nd nd nd nd nd nd
nd nd nd nd nd nd nd
ToCP nd nd nd nd nd nd nd
TCP nd nd nd nd nd nd 0.54
tr(0.010) nd tr(0.010) tr(0.012) tr(0.014) 1(0.010) 0.18

nd = not detected (present at < MDL).
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