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Abstract

Organophosphorus compounds, which have toxicity to peripheral nerves, are indicated to exist in the atmosphere and indoor
environment. However, actual conditions have not been understood sufficiently. This research has developed analytical methods
for clarifying the gaseous and particulate forms of these organophosphorus substances in indoor air. Sampling was carried out
employing a combination of a quartz filter and a Disk C18 filter with a flow rate of 10 liters/min for 24 hours. It was proved that
the quartz filter used in the first stage effectively particulate substances while the Disk C 18 filter at the second stage collected
gaseous substances. The organophosphorus compounds in these filters were extracted using acetone, and then analyzed by
GCI/FPD.

The minimum detection levels of these organophosphorus compounds were generally in the range of 0.5-5 ng/m®. The described
method was applied to determine organophosphorus compounds in indoor air. We found that the indoor levels of particulate matter
and gaseous for tributyl phosphate to be 2.5-25.8 ng/m® and 8.5-20.2 ng/m®, and for tris (2-chloroethyl) phosphate N.D.-6.5 ng/m®
and 4.0-9.8 ng/m®, respectively.
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FTZENEMINATND, RFERICENTUIZINLEHRY MEEMDIEEREEZ NI T 5 B TRk & TR
KOS BIREEOR 21T o172, FOFEE, T 7 4L ¥ —& Empore Disk C18 7 A /L4 — (LLF, Disk 7 A /L
X —) HERT, 855 10 L OFE T 24 BB ZERE 7Y 7L, KirRERSE, T ARWE% Disk 7 «
B —ICHIET D, DWT, #RESE 7 & b THIH®%, GC-FPD TH#T 2 Hik& L Lic, ARikx EBED
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1 & 8

ENRFENICB T 268K ALEWDOREPD S
B, BRI, RERERE L U CIIBEAIOR Al Y A e &
nNTW5s, —J, WEMOE =17 1 2% I3 YEAl
SOEEABG LA & U CTHEB Y VEE R T IV OM B H
& ENTWD, ZRHAEY ALEmiT ki
IIRRRREEE, RRIS, RAMRRREMEA A L, EEREES
HBTEEREY 2L 0T 2 ERMEIN TS,

FRU7-H#HY ALEHON, U R AT VT
WHO ®43y¥8 ° T Semivolatile Organic Compounds

(SVOC) <X° Particulate Organic Matter (POM) 24348
ENDOWET, AR EWVICHI LT —EERL, =
WIEYRE LT LT ZERRE Y ShTnd, Zhbd
E AL BT ARRIE MR T2 D IR, BREE, s
(TR B AE L, —8, RLRE L LT
ET5LEx2b6ND,

Z 2T, AFRICBODCTENREN TEOMEAN
S TWD 10 O AR Mbama@&EL, £
DIFERREE DN T D B TR 14K & 1 2RO [FIRg
MEEDOBE ZAT > T AR TITAE T V& — (1
Fifl) & Empore Disk C18 7 4 V% — (TFiffil) % &
NTAHRANE =l P LY TN o TT 5, v
TV T, BET oV E =T b RN TR
Ry & fit%, Z3#Tic GC-FPD & W= Fikic 20T
MRt 21TV, 10 O A ) AbEW AR L < HIE
T HHEEML Lz, B, REZEEOFRFREN
DEY ALBMOERNE Lz, TOFE, Y
TFNKRAT = — MIKLTIRT 2.5-25.8 ng/m®, H A
JRT 8.5-20.2 ng/m’, FU R (2-Z7unm=F)L) KA
7 = — MIK KT N.D.-6.5 ng/m?, H Ak 4.0-9.8
ng/m* O TR ST, —F, FATV Iy, 7
2B URA, Ja)BYRAAFI, Jx=baF
T EORERARY AMAEEMITB VT HR RN
APRHE CENENGFELTCND I ERHNE ST,

2 EEBAHE
21 HE

Tributyl phosphate (TBP) : Flffli B SUEEAR % (99%)
Rz,

Tris (2-chloroethyl) phosphate (TCEP) : Fn¢ffis
IR (98%) &A=,

Tris ( B —chloroisopropyl) phosphate (TCIPP) : & J\
e T2ERGARE 1% (99%) Z MW7,

Diazinon (DZ) : FIYEHIFBEAI AR (99%) Z A
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Chlorpyrifos (CP) : ¥ —=x)L¥ A = o A BUE K

(98%) & M7z,

Chlorpyrifos—methyl (CPM) : ¥ —= )LH 1 = x il
IR (98%) & Ve,

Fenitrothion (FT) : fili S RGAHARL (98%) & H
Ay

Tris (butoxyethyl) phosphate (TBEP) : BURAk %l
ARIERFR (95%) & A,

Tris (2-ethylhexyl) phosphate (TEHP) : B At{bl i
IR (95%) & W,

Tricresyl phosphate (TCP) : Fn >\ fli 5K il 38 5 &5 i
(98%) % M7z,

EYERR A e 0.lg ZFED, 7 hiT
Bl 100ml & L, 2R EERERHE (1mg/ml) &35,

WNERIEUEWY « 4-tert—butylphenyl phosphate 0.5811 g
RV, TR PACHENL 100ml &L, ZHAEFEYER
Hed 25, DT, FEERWK I ml 200 7& h o TH
L T100 ml &L, WERHEREE L7z (1 m=58.11
ng).

F9ET 4V H — : Pallflex 1 2500 QRT-UP

Empore Disk C 18 Filter (LT, Disk 7 4 /L Z — L i
) @ 3M i 47 mm Octadecyl (C18)

22 HEE
HAIZa~< N7T7 . BER GC-14A ], R
R 2R

A v~ 7T 7ERESHEL: BER QP-5050
BE Ve - SHARP # UT-205
Low Volume Air Sampler : S8 & SL-20 Y

23 FHHDRE
231 HFRYE

EfE 55 mm DAHT )X —% Low volume air
sampler (10 pm#Z > b) k&> FL, % 20 L O
T 24 IR IR E AR L, 2 ha o iRtk &
L7z (&% OEAEEND TBP ORI E
ED
232 MFKRPELHARARKYME

B 47 mm DAET 4 )V F— & Disk 7 4V F—%
HATAMANLE =Tty b (ART 4V F—% L
) 35, 510 L O T 24 KRR & A L
L, ZThEGITHREE T2, ART 4 VX —% kT
WW'E (R B, Rt B L TV 7R) DAHTH,



Disk 7 4 V& —% T AR E D AT HFELE 5,

24 SHTIRME
241 MFKYE

YT RRREE (2.3.1 18 2.3.2 OFEH) ML B E
D RBREICANDS, 2T M 10ml 20X,
20 Sy [EIACE S, 10 B ERMEHA1T5, 77 m 8
F A4 AR—=YILT 4% — (B, 13 mm, 0.45 um)
BAGE UTERNRICHREZ A, o< 0 LK
LA T %, Ak 5 ml Z¥RMEE OkKIZIRT) IZHRY,
EREREAHT (1 L/min) WEEZ®EET 5, 20T
TR 500 pl ZMATHIMRE A ML 72%, W

Table 1 Operating conditions for gas chromatography

GC Simadzu GC-14A

Detector Flame photometric detector

Column 0.25 mm(i.d.), 30 m(length), 0.25 um(film
thickness) of DB-1

Carrier gas He, 2.5 kg/cm’

Make up gas N,, 0.25 kg/cm®

Hydrogen pressure 1.0 kg/cm’

Air pressure 1.0 kg/cm’

Injection temp. 270°C

Detector temp. 270°C

Column temp. 120°C (2 min) 10°C/min— 280°C (10 min)

Injection volume 1 ul

Quartz fiber filter and Empore Disk C18 filter

M  Add acetone, 10 ml

Standing for 20 min

Extraction by ultrasonic
for 10 min

Filtration by teflon filter (13 mm)

Filtrate 5 ml

et

Concentration(concentrated by N,)

Add of acetone, 500 pu1l

Add of internal standard, 10 p1
(4-tert-butylphenyl phosphate)

Analysis by GC

Fig. 1 Sample preparation scheme for determination

of airborne organophorus compounds
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AR 2 10 w1 23N, IRG#, 2D 1 ul% GC-FPD
WCHA LGN 24T 5, Fig. 1ITHOERIEOME 2R L
77
242 HRAKRYE

H ARG Do FAFRBHZ OWT 2.4.1 IZHELT TH
WrEZIT 5,

25 SWEH

iM% Table 1 IZRd, F7z, A, xt5e L
72 10 FEOFH D v REFEOERERDO T A I 1
~ 87T L D—fl% Fig. 2 1R LTz,
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Fig. 2 Typical gas chromatograms of organophosphorus
compounds
@ Tributyl Phosphate
@ Tris (2-chloroethyl) phosphate
@ Tris (B -chloroisopropyl) phosphate
@ Diaznon
® Chlorpyrifosmethyl
© Fenitrothion
@ Chlorpyrifos
Tris (butoxyethyl) phosphate
© Tris (2-ethylhexyl) phosphate
Tricresyl phosphate
@ 4-tert-butylpheny phosphate (Int. Standard)
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3 WRRUBE

31 Ta4NE—=T529

AE LT3 T 4 VA —2oNT, HIEREY
BDOT TR ETo Tz, RPO7EITATLE (BR
JFNELER (800°Cx6 hr), WSEEVEALEE (77 & Uk
) VeATolo 7 4 W H — LRI T 4 )L Z —|ZDNT
FTE D BT EAEZATVY, HRRA DS S 2 )l s
DORREAT > T2, T ORER, WHKRORLE T 4 V5
— & BXGRT DRMITFR D b e o 7z, £z, Disk
TANZ—BRERICT T 7 IXBd b ot &
ST, MIROAET 4 VH—K O Disk 74 V¥ —% %
DEFEV TV I RS Z &3 -7,

32 HhEYRE
REAOAHET V2 — (B AT mm) LRIRY
B4 (10 L/minx24 hr=14.4m®) L7k 7 4 L&
—I A WE OIEHERR 200 ng ZIRIN L, FTE DT
PITWEIR RO ERZIT - 72, T OFEHR, Table 2 IR
L7EEDIEREHD 7 4 V&7 —1F 94.7-102.6% D % [
DEUERGF N, —F, kR RWEEHELZ7
S VE —DEILRIREHDO T V2 —iZkig L, 3
F-OMENNMEZ 7R L7235 A B3R (88%LL L [EINER)
DIRVETH - T,

33 HEEER

Disk 7 4 V2 —% 2 frE, 1 B BICKWE OFELE
WREWRMT 2, —FH, AE7 4 /L¥—L Disk 7 4 V¥
—xHER, 1 MADOAHET V& —|TEERZ TSI
Do TNBHLDT A NE—HFNENAMANLF—ITE
v b L EZE5 % 10 L/min T 24 FREAS U728, 1
BED Disk 74 NVE—KOAET 4 VE—ITBITD
BE DR E KD Tz, Z DfER, Table 3 & U Table
41TR LTI &L 91T Disk 7 4 L Z—iX 1 Kt B THa L 100%
(96.3-111.9%) FEWEIRENHF LN, —FH, AKET
4 NVE—DEE, FIIEILZ L) KA 56% 7
TLE Y RZAAFAN T, Z02WHEIT 14 m* B
DY 7Y TETHENPEZ > TWD Z &3 5Tz,
Z DAt 80%LA LD [EIE T H ZRWE &AL -IRE
DRIFHAIE S ATRE Td o 72,

34 BRER

10 FEOFHY MW OMEREIER LT, £D
#& 8%, TBP 1% 30-400 ng/500 1 1, TCEP 13 30-350 ng/500
1, TCIPP (% 30-300 ng/500 p1, DZ % 15-260 ng/500

14

wl, CP{Z 7-170 ng/500 p 1, CPM i 30-250 ng/500 1
I, FT 1% 30-250 ng/500 11, TBEP |% 30-400 ng/500
1, TEHP |% 30-400 ng/500 1, TCP | 15-450 ng/500 1
| OFPHCTENEHERENRD Sz, £z, 10 fE
MORGIERER (0.4ng/pnl) 1 ul% GC-FPD [T A
L, @0 LHEGE (n=5) Z1T-o7=, ZDORER, #WE
& HEEREUL 5% T Th o 72,

Table 2 Extraction efficiencies of organophosphous com-
pounds spiked on quartz fiber filter (spiked
200 ng each)

Extraction efficiencies (%)

Organophosphorous New quartz fiber Used quartz fiber
compounds filter? filter”
Tributyl Phosphate 102. 0 94. 2
Eiézpéizhloroemm 102. 6 107.9
Z;;zpé:i;chloroisopropyl) 04,7 90. 1
Diazinon 97.2 88.3
Chlorpyrifos 98.3 89.3
Chlorpyrifosmethyl 101.5 90. 3
Fenitrothion 97.3 90. 5
Tris (butoxyethyl) phosphate 102.5 105.7
Tris (2-ethylhexyl) phosphate 98.2 89. 1
Tricresyl phosphate 102. 3 106. 9

a) quartz fiber filter:Pallflex 2500 QRT-UP, 47 mm in diameter

b) 14.4 m’ of air was drawn through the quartz fiber filter before
spiking (n=5)

Table 3 Overall recoveries of organophosphorus compounds

on Empore Disk C18 filter

Organophosphorous Rccovcrics(%)w

compounds
Tributyl Phosphate 102. 1
Tris(2-chloroethyl) phosphate 102.0
Tris (B —chloroisopropyl)phosphate 111.9
Diazinon 96. 8
Chlorprifos 96. 3
Chlorpyrifosmethyl 96. 5
Tris(butoxyethyl)phosphate 108. 5
Tris(2-ethylhexyl) phosphate 97.7
Tricresyl phosphate 97.8
Fenitrothion 107. 2

a) Calculated by total amount found in a first Empore Disk C18
filter and a second Empore Disk C18 filter after passed
through at 10 1/min for 24 hr(air temperature was 22-24°C and
relative humidity was 50-55%). Previously, 200 ng of each
organophosphorus compound was added to a first Empore Disk
C18 filter. Average values of 5 determinations



Table 4 Overall recoveries of organophosphorus compounds

Organophosphorous Recoveries (%)™

compounds

Tributyl Phosphate 95.3
Tris (2-chloroethyl) phosphate 105. 7
Tris( B —chloroisopropyl)phosphate 107.3
Diazinon 85.1
Chlorprifos 55.8
Chlorpyrifosmethyl 0

Tris (butoxyethyl) phosphate 111.5
Tris (2-ethylhexyl) phosphate 89.7
Tricresyl phosphate 107. 1
Fenitrothion 80.3

a) Calculated by total amount found in a first quartz fiber filter
and a second Empore Disk C18 filter after air passed through
at 10 1/min for 24 hr(air temperature were 20-22°C and relative
humidity were 49-52%). Previously, 200 ng of each organophosphorus
compound was added to a first quartz fiber filter. Average of 5
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35 HRHER

WX EA 14.4 m® (10 L/min x 24 hr), JHEXTRHE
? S/N % 5 & LIZRED R HBRL 0.5-5 ng/m’ D L
INTHolz, ZOKE, TCPIX4HOEMEERE—T D
2733 (omp) BE—7 DHFZERITHN,

36 BT UIHHOREREM

i IR 2% (10 L/min x 24 hr) L7238 & Y
Disk 7 o /L& —|ZIRAEEHENR (200 ng) Z¥™N L, —20°C
DETEFTIARE LI B OB O L EME 2 et Lz,
ZOFER, 20°COWREHTIC 1 EBRE L725E512 90%
L EDOREMENG LTz, E-TC, o7 7,
EOICHMA TE RWEAIE, 200CTRETIUL 1

deterninations HREIZIZ S TIEFRETH L Z L 2RO T,
Table 5 Indoor levels of various organophosphorus compounds in residences
. 3
Object of Particulate (P) Concentration (ng/m’)
measurement Date or
gaseous () TBT  TCEP TCIPP  DZ CP CPM  FT  TCP
Apartment house @  June. 13-14, 1997 P 1.4 3.5 N.D. N.D. N.D. ND ND 15
G 20.2 4.0 N.D. N.D. N.D. N.D. ND ND.
Wooden house @ Feb. 10-11, 1998 p 25.8 3.9 .D. .D. N.D. N.D N.D. 1.2
G 15.4 6.5 .D. .D. N.D. N.D N.D. N.D
Wooden house ” Mar. 5-6, 1998 P 19.4 3.7 N.D. ND. N.D ND ND 21
G 8.5 7.2 N.D. N.D. ND. ND. ND ND
Apartment house »  Mar. 18-19, 1998 p 8.5 6.5 .D. .D. 5.6 N.D N.D. N.D
G 14.3 9.8 N.D N.D. 10.5 N.D N.D. N.D
Wooden house Mar. 25-26, 1998 p 2.5 N.D. 3.7 1.8 4.1 N.D N.D. N.D
G 10.6 4.0 N.D. N.D. N.D. 1.3 10.0 N.D.

a) renewal house b) 6 months after built

N.D. tnot detected
TBT:Tributyl Phosphate
TCIPP:Tris (8 —chloroisopropyl) phosphate
CP:Chlorprifos
FT:Fenitrothion

¢) 10 months after built

TCEP:Tris (2-chloroethyl) phosphate
DZ:Diazinon
CPM:Chlorpyrifosmethyl
TCP:Tricresyl phosphate
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37 ZNEI[HOERY VIEEYDORAGER
FEENOFEY A&, Table 5 IZRLTZ L D IZ
SHIHD A Y MAbEWh st (GC/MS THER) Sh
TWA28, T, TBP & TCEP 28Kk & A RIRT
B &z, 7bb, TBP TR k28 2.5-25.8 ng/m®
OFPH, H AWM 8.5-20.2 ng/m* EIR L, ﬁ%%&ﬁ
2ok (P/G) 1% 0.98 CE¥ME) T E =LA
n&#oto~ﬁ,ﬂmpim%ﬁﬁ&&ﬁ5@m,
AT AARDS 4.0-9.8 ng/m® OHEPHZ < L, P/G 1% 0.56 (°F
YIE) CHRRME N EVVEBEEZ R L T\, —,
FEECHEE (E) o%é, DZ, CP, CPM, FT DR
HREROFEY ALEmBBH S, PRy — ~ofl
M (Bl Enrmgahd iz, Vo= 7u
Hb M &z, Fig. 3 II3E 21T -EAEEN
ORIk TBP 2 (10 um B v b) ORI ZR
L7z, FTHILHFE®HK2 AT /6REETHAITD
Z L EBDI,

|UJ

:| 1 1 L 1

15, Hay. 23.Hay, 30.May, 13 June, !1.July, 10, Aug.
1997 1987 1897 1897 1997 1557

Concentration of particulatn
tributy] phosphate{ng/m*)
—d
E=]
T

Sampling date

Fig. 3 The time course of particulate tributyl phosphate

concentration (PM 10) in a residence

15. May, 1997:The day after dismantlement work
23. May, 1997:The day after substratum work
30. May, 1997:The day after interior finish work
13. June, 1997:15 day after interior finish work
11. July, 1997:43 day after interior finish work
10. Aug, 1997:73 day after interior finish work

Room area; 15 m?
Room volume: 38 m*

Air change rate: 0.22 hr*
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GC-FPD & F\WNTHI IRk & T AROFHE Y » RbE

W (10 FE) OFRBHIIEEORBEEIT- -, HiZ, K

B B EBRENOFZRNCEM Lz, ZORR, LITFO

BN E 2o Tz,

(1) REOERTRA (S/N=5 5 E% 144m° & L=
BE) 1L TBEP (5ng/m*) #FRWT 2ng/m’ LA FTH
D,

(2) RIEOHY IR UK XS5 WE
2T %L T TH DT,

) WMENREFEBEREMELZ T L2 — (10
L/minx24 hr) (ZEEAER 2 IRIN L2560, A% 7 ¢
JLZ—T 88-108%, Disk 7 4 /L% —T 96-112%D%i
FACHEM EXBED RN ERBNE IR0 Tz,

@) KYo TV o7y ATF A (—BAICHET 4 LR
— BtHIZ Disk 7 4 V& —) ERWESGE, B3R
ROz LY FRRALE 7L E Y RRAATF VL 14
m’ OBKR THEARBD NN VAT )V
FHOEITE Z b ehoTe, Ko T, Y VR A
TOVEIZEE L CUTRL 10k & 7 28k oo [R g 1 E 23 AT
BTHHZ ENH-T,

(65) RiEEENZEIPOEHKY o OFRNZHEH L,
ZDFER, TBP & TCEP (X4 A4k & ki1 IR TEET
LHHAEDHN LR35 7z, FEZ, TBP & TCEP IZ
DOWThRETIR & A RIR (P/G) DIEIZHWTHD &,
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