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Analysis of Phthalates and Organophosphate Esters in Air Samples

Ikue SAITO", Aya ONUKI®, Hiroshi SETO", Shin-ichi UEHARA" and Takashi FUJIIZ"

A method for the determination of airborne phthalates and organophosphate esters in a single-step sampling
and extraction procedure followed by quantitation by GC-MS and GC-FPD is described.

Air sampling was carried out using a quartz fiber filter for the first stage and a solid phase extraction disc
(Empore™ C18) for the second stage at a flow rate of 10 liters/min for 24 hours. The collected chemicals were
obtained by ultrasonic extraction with acetone. The extract was concentrated under a stream of Nz, and then
the phthalates were analyzed by GC-MS and organophosphate esters by GC-FPD. The break through of 11
phthalates and 19 organophosphate esters from the second stage filter did not occur when 14 m® of air was passed
through at a flow rate of 10 liters/min. The sum of the recovery of these compounds found in the first and the
second stage filters after air passed through were 80-101%. The detection limits were 0.5-5.0 ng/m® for GC-MS
except for di-n-butyl phthalate (15 ng/m?®) and di-2-ethylhexyl phthalate (10 ng/m?®), 1.0-4.0 ng/m? for GC-FPD.

Concentrations of these compounds were measured in a newly-built house. Seven phthalates and 9

organophosphate esters were detected in the indoor air. Among them, higher levels were shown by di-2-

ethylhexyl phthalate and di-n-butyl phthalate, 1046 ng/m® and 871 ng/m?, respectively.

KeywordsD OO 00 0O0OOO phthalate, 000 00 0O O0O organophosphate ester, 0 0 O plasticizerd OO 0O 0O
0 O 0O organophosphorous pesticided O 0 O 0O O O O O organophosphate flame-retardant0 O O O O O
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Table 1. Instrumentation and Conditions for GC-MS

Gas Chromatograph HP 5890 Seriesd GC
Mass spectral detector HP 5971A MSD
Column Ultra 1 12mx 0.2mmi.d.x 0.33y m
Oven temperature 1200 (2min)»-200 /min-2000

-100 /min-2700 O 5min0]
Carrier gas Helium, 40kPa(constant pressure mode)
Inlet temperature 2800

Injection volume 2y L, splitless mode

(purge on time 0.3 min)

Detector temperature 2800
Acquisition mode SIM
Compounds Quantification Jon  Confirmation Ion

DMP 163 194
DEP 149 177
DiPP 149 209
DnPP 149 209
DiBP 149 223
DnBP 149 223
DPeP 149 237
BBP 149 206
DHP 149 251
DCHP 149 167
DEHP 149 167

DnBP-d4 153

Table 2. Instrumentation and Conditions for GC-FPD

Gas Chromatograph HP 6890 Series GC

Detector Flame photometric detector(P-filter)

Column DB-17 30mx 0.53mmid.x 1y m

Oven temperature 900 (2min)-150 /min-1700 -50 /min-2200
200 /min-2600 (10min)

Carrier gas Helium, 20mL/min(constant flow mode)

Make up gas Helium, 25mL/min

Hydrogen flow 75mL/min

Air flow 100mL/min

Inlet temperature 2500

Injection volume 2y L, splitless mode (purge on time 1 min)

Detector tese 2500

Quartz fiber filter and Empore C18 filter

Air sampling( 10L/min for 24 hours)
<— Add acetone,10mL

Ultrasonic extraction for 10 min

Centrifuge (2,500 rpm for 10min)
<———Add internal standard

Concentrate 10 times under N: stream

| L

GC-MS GC-FPD
(phthalates)  (organophosphate esters)

Scheme 1. Measurement Procedure of Airborne Phthalates

and Organophosphate Esters
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Fig. 1. A Typical Gas Chromatogram of Phthalates
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Fig.2. A Typical Gas Chromatogram of Organophosphate Esters
Table 4. Recovery of Organophosphate Esters
ooooo Y £anopiosp (n=3)
00000000011000000000000000
Compounds Recovery C.V.
Fig..000D0OOO0OO0DOO0O0D190000000000 %) %)
O0000Fieg20000 Pesticides
noboobbbooon DDVFP 80.3 6.3
0000000000000000000000000 Diazinon 92.0 5.0
00ll000000000000000001900000 Dichlofenthion 93.6 4.0
0000010p g/mLO020p LOODODOODOOOOOO0 Chlorpyrifos-methyl 95.0 5.5
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00000000000000000000000000 Fenitrothion 89.9 3.5
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00l0mLO0D0OD00000000000100000000 Pyridaphenthion 87.6 2.2
00000000000000% 00000000000 Flame Retardants
O0000DOOOTable 300000000000000 and/or Plasticizer
OO0Table A0000n=30 0000000000000 TMP 93.2 3.2
0084.40100.80,00000000000080.3099.30 TEP 9.0 26
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oooooooo
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00000000010000000000000019 TCEP 0.2 24
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Table 3. Recovery of Phthalates TBEP 917 1.5
(n=3) TPhP 98.3 2.1
Compounds Recovery C.V. Tcp 99.0 3.7
(%) (%)
DMP 99.9 4.7
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Table 5. Detection Limits of Phthalates

Compounds Detection Limit
(ng/m®)

DMP 0.50
DEP 0.50
DiPP 0.50
DnPP 0.50
DiBP 0.50
DnBP 15.0

DPeP 0.50
BBP 1.0

DHP 0.50
DCHP 0.50
DEHP 10.0

Table 6. Detection Limit of Organophosphate Esters

Compounds Detection Limit
(ng/m®)
Pesticides
DDVP 0.50
Diazinon 1.0
Dichlofenthion 1.0
Chlorpyrifos-methyl 1.0
Parathion-methyl 1.0
Chlorpyrifos 1.0
Fenitrothion 1.0
Malathion 1.0
Pyridaphenthion 1.0
Flame Retardants

and/or Plasticizer

TMP 1.0
TEP 0.50
TPP 0.50
TBP 0.50
TCIPP 1.0
TCEP 1.0
TEHP 1.0
TBEP 1.0
TPhP 1.0
TCP 4.0
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Fig. 3. A Gas Chromatogram of Airborne Phthalates in a New-built House
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fig. 4. A Gas Chromatogrtam of Airborne Organophosphats Esters in a New-built House
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Table 7. Concentrations of Airborne Phthalates and
Organophosphate Esters in a New-built House

Compounds Concentration
(ng/m®

Phthalates

DMP 29.2

DEP 23.1

DiBP 20.1

DnBP 871

BBP 1.3

DCHP 14

DEHP 1046
Pesticides

DDVP 1.9

Chlorpyrifos 12.4
Flame Retardants

and/or Plasticizer

T™MP 14

TEP 6.1

TBP 22.6

TCIPP 2.1

TCEP 1.7

TBEP 1.0
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