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SHNOHFELEWHE, Fi2, ERIEEYE (SVOC) RK IR E (POM) DF A, HMAH 2 & O EAEFIR =
4 BN, BRPEFED RS OB WA A A N OSHSERRIREL 2 5, 40, 32 FEOBLTREE
DEEM Sy 7y Z 5 A R 2B, 6 FEORBRGOBRBL ANV ERA L2, 7 an ) sk A0
27/32°C, i (20.4 pg/g) 75 wARAE (<0.01pg/g) T THIML NV DENKE 2o 72, PIMEIL0.05 ug/g TRER
DOFRETIEZ OV E) RAFREIML AL TH 7225, a7 JHRLEFE B TRBEBENRALN, ¥
A7 Y7 ASHINSHEE 7/32, BEME 0. 15ug/g LRI E A Y L o7, 7 b OFF L OBRNAE$23/327T,
120, 38ug/a, HULAEIZ0.02ug/g & 7 OV E ) R AZIET 5 LKL NV TH - 72, VA b U Id iR
(24732) b <, Wil (71.6pe/g), VIIMH (5.32ug/g), HIHRLAH (0.60ug/g) & & 73T L2 ER O TR & HiRET
Hotz, S-21DHIEEIZI00% TH D, HUAE (0. 13ug/g) 13~V X M) VIZRWTEHWEGEL XV Thot, /XT7 Y
suaNRy ¥y OMEESL100% ThHo 7275, lug/g ¥ 7RKEIL 18 (2.07ug/g) DA TH 72,

Abstract

Domestic human exposure to insecticides was studied by the analysis of insecticide concentrations in vacuumed
household dust as an indicator of indoor pollution. Here we describe the residue levels of six kinds of insecticides in
32 household dust samples collected during the year 2001 in Osaka district.

Insecticides in dust samples were extracted with acetone and hexane under ultrasonic waves. The extract after
filtration was defatted by liquid-liquid partition with hexane/acetonitrile. Cleanup of insecticides in the defatted
extract was conducted using a graphite carbon column followed by a silica gel 40 mini column. Quantitative analyses
of the insecticides were performed with GC by electron-capture detection or flame photometric detection using a
capillary column.

Chlorpyrifos was detected in 27 out of 32 samples analyzed at a level of <0.01 to 20.4 ug/g. Higher concentrations
of chlorpyrifos residue were detected in the household dust collected from houses treated with chlorpyrifos for
termite control. The incidence (7/32) and levels (max: 0.15pug/g) of diazinon in household dust were very low.
Fenitrothion was detected in 23 out of 32 samples (max: 0.38ug/g, median: 0.02ug/g) tested. Residue levels of
permethrin (max: 71.6uxg/g, mean: 5.3ug/g, median: 0.6ug/g) detected in dust samples were the highest among 6
kinds of insecticides analyzed. S-421 (2.3,3,3,2°,3°,3",3"-octachlorodipropyl ether) was detected in all 32 samples at a
level of 0.03 to 6.19ug/g. and p-dichlorobenzene was also detected in all samples, with levels ranging from 0.02 to
2.07uglg.

Key words: indoor air pollution, human exposure, insecticide, household dust, chlorpyrifos, permethrin
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FEL, 70l ) KA a7 IBBREREICBNT
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2001 4E 6 A 226 8 HIIH T T32HKE O BRI btk
DEES WXy 7)) NEMEZIVEL -, EEENE
YW O\ AFAN) W, 7R3 EHESKED %
o, Z2OF, KT, AmdT, M, BEIEE
Tz, JRBRBER O Sy 7 IR RETHER L Tw
250%20FFHEHL TS -7, FREOKEHE

WEHRERORE (LwdlzA, 7a—1 r7kl)
WHRELL o7, B, HEROBIONIREIZOW
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S-421 1% Riedel-de Hean fL 3, 7 o)L ¥y kA,
ATV )y, 7= buFty, A M)y, K
U8V r7auxy X3S TE (B #AH
HL/o 79774 v H—K 5 F 413 SUPELCO
# ENVI-Carb (0.25g) W/, 7 =7 v 7H
D) A S VI, MERCK ft # 2 1 o 7 140
(Art.10180) % iV 7=, AHEAE IR RESTH %
Hz, B9 AFEET X >, AFH 2 TRkl
L7,

2.3 HEEBEEEH
BHERESB T A7 0< b 75 7 (ECD-GC) I
Hewlett Packard #1#L HP5890A %, #BENHEAE L 8
ft# A 27a< b5 7 (FPD-GC) & B3 B AEpT #
GC-14A ZfEH L7z, VX M1 ¥, S-421, /X5
yuuaNyE U iE ECD-GC TULTFOLEMTE=RZL 72,
Fr¥T)—HF 413 DB-17(30m X0.32mm, HE
0.5um, J&W Scientific), RELIEEAHFB200T, R
22320C, Fx )7 —HAEAY 74 (1.5mL/min),
AA Ty THAZTNVNIT+ A% 2 (95+5,
50 mL/min) T L 720 75 LRE L S-421 & <L A
MU YT, 50C (1 REFE) — B 25 T HIR -
200C — 55 CHIB—280°C (6 0 RFH), 85V 2
DuANYE Sy TIHS0T (10 — 85 10 CHE
—100C (55 RFF) —HH20THIR—280C & L7,
FAEEATY) Yy PLAET2uL & L7z, SV X B
Vit cis B E trans BIOFICER L 72, IR AE
FAV A Y Y TOpg/e, S-421E835 Y7 maN
V¥ TIH0.0lug/s ThHot, HHY VI
FPD-GC TE=® L7 2Dk EDH T L1L DB-5MS
(30m X0.32mm, PEJE0.25um, J&W Scientific),
EATBIREE 240 °C, MREEFIRAE 280 C, H AL ESME
E# (99.999%, Fx VU7 —ifiEl.4mL/min, X1
77 v 7HE 30mL/min), KELZEROMEIEZEN
N, 115mL/min, 40 mL/min THHT L72. 7 T LR
FEIL 70 C (2 3 IRFE) — 855 10 C AR — 180 C — 15>
5CHIR—280TC (6 73RFF) & L7z VEAIRRT Y v
FLAET2uL ALz MRIBBRMEL, 200 Y
VKRR, ¥AT7Y /Y ROE72baFt kb
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VY, S21BR U Y ruounNy ¥ rEENRER
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LTatrL, ZDHIEMED S HE No.25 Dl # %
Z2 L5l & WINEYLER (n=5) 2 K7z,
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NI AT A ML RETHEE L, #05gi27
LR AFH (347, v/v) 150ml FINZ, BE
Wa 1057 h 7214, 1 WRERE L 2. NEwIE
Ak, AHET—F ) —INKRL—F—T40CLL
TTRELZE L, REWIAFH 2 10mL I2HEL LT
MR & L 7c, RO 552 (5 ml) %100 mL B4
Wo—MIZAR, ANFH10mL 2Nz, ~NFH U8
M7 F= MY 30mL 2 &0 3EEA SR A TR
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W) WAL, YIFLI—FAAFH (24
98, v/v) 6mL THEM L7, BHEIIEREZRR T T
0.5mL 1MW L TZ—F VEBRER, YU B4V 40
HTL(lg THE L, Thbb, HBxAMNE,
ANFH8mL T/T YV ruuxry¥reahlL, X
WT, YIFLI—F+~AFH (4496, v/v)
10mL T2 VY KRA, ~ AN Y ROS-421%
Bk, YIFLI—F L +AFH (30470, v/v)
0mL CFATI /v baFF 2B E LR
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Table 1. Residue levels of insecticides in vacuumed household dust

Concentration( [ g/g)

House No. Floor Type Epyomvritos Diazinon MEP Permethrin 5-421 PDOB
I TF Sep. 204 ND 001 577 007 063
2 IF  Sep. 7.82 ND 0.1 ND 0.13 0.14
3 IF  Sep. 497 ND 0.13 ND 017 0.08
4 IF  Sep. 180 015 0.02 778 025 081
5 IF  Sep. 156  ND 001 046 020 0.08
6 IF  Sep. 068  ND 0.04 488 440 0.04
7 IF  Sep. 031 ND 024 828 6.19 026
8 2F  Sep. 028 ND ND ND 015 0.18
9 IF  Sep. 022 ND ND 1.81 004 006
10 IF  Sep. 0.16 001 006 430 008 0.13
11 IF  Sep. 012 ND ND 054 0.10 003
12 IF  Sep. 012 ND ND 716 006 002
13 IF Sep. 010  ND 007 188 0.12 040
14 IF Sep. 0.07 ND 0.02 342 006 0.04
15 14F  Con. 0.07 ND 001 221 004 008
16 IF  Sep. 0.05 ND 0.04 240 007 030
17 2F  Con. 004 ND ND 198 003 002
18 2F  Sep. 003 010 003 851 159 004
19 2F  Con. 0.03 ND ND 387 069 0.13
20 3F  Con. 0.03 ND 002 0.65 0.10 024
21 2F  Con. 002 002 ND ND 003 0.03
2 IF  Sep. 0.01 ND 003 021 033 033
23 IF  Sep. 0.01 ND 0.02 ND 0.14 021
24 IF  Sep. 001 ND 001 041 013 207
25 19F Con, 0.0l ND 002 054 006 025
26 IF  Sep. 001 001 004 ND 006 0.08
27 2F  Con. 001 001 002 263 003 0.02
28 IF  Sep. ND ND ND ND 093 0.02
29 IF  Sep. ND 002 038 ND 036 082
30 IF  Sep. ND  ND 003 042 020 0.04
31 IF Sep. ND ND 002 034 020 0.03
32 4F _ Con. ND ND ND 050 0.10 0.02

Tncidence 27732 /32 2332 34732 32732 32132
Average 1.22 0.01 0.04 532 054 024
Min. ND ND ND ND 003 0.02
Median 005 <0.01 0.02 0.60 0.13 008
Max. 204 015 038 716 619 2.07

MEP:fenitrothion, S-421:2,3,3,3,2,3',3",3"-octachlorodipropy| ether, PDCB:p -dichlorobenzene
Type: separated wooden house (Sep.) or condominium (Con.)
ND: below detection limit (0.01 ¢ g/g for chlorpyrifos, diazinon, MEP, S-421 and PDCB;

0.1 p g/g for permethrin)
Average: calculated with ND=0
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Table 2. Insecticide levels in household dust reported in earlier papers

Reference Sampling Chlorpyrifos Diazinon MEP  Permethrin  S-421  PDCB
year month
Kawano and Incidence - - 77 - - -
TatsukawaS) 7 - —  Average 0.78
(1980) Range 0.26-1.9
Unoet al.? Incidence - - - 511 /1 -
(1984) 11 - 6-7  Average 1.03 0.64
Range ND-7.6  0.01-3.9
Yoshida et al. Incidence  g/15” 215" 1015 1415% 1515”1515
(1997, 2002%) 15 1995 3-12* Average  0.72 <001 005 7.09 2.60 0.3

Range ND-6.5 ND-0.01 ND-0.33 ND-41.1 0.04-15.9 0.02-1.3

Incidence 27/32 7/32 23/32 24/32 32/32 32/32
This paper 32 2001  6-8  Average 1.22 0.01 0.04 5.32 0.54 0.24

Range ND-204 ND-0.15 ND-0.38 ND-71.6 0.03-6.2 0.02-2.1

MEP:fenitrothion, S-421:2,3.3.3,2'.3'3',3"-octachlorodipropy! ether. PDCB:p -dichlorobenzene

Average: calculated with ND=0
*13 samples were collected from May to September

yaaNyE s EFRMLTHN L 2B (n=5) i3,
FIE R ETENLEFN, 91.5+9.1%, 84.1+
6.0%, 107.0+14.4%, 95.5+3.3%, 92.9+2.0%,
99.2+£13.7% L REfTh - 72,

3.2 NYZALZ MhREEE

G L7232 IkD Ny 25 A MR B HEE %
Table 11278 L 720 {8 & 32110 1980 SE DALY, 5
B 5 0 1984 FEOHRET, Fo 4 ORTIE OFRARE R L Hi
FDONTATANKEERHNTTY ATV, RV
MY U RUIST D7 0usy ¥y i BIGHT L 7R
2 A MOFRARKR L B L T Table 2128 L7,
3.2.1 7ANMEYERZR

ZunE kAR, MEFRIEM.4% EEL, ®E
i (20.4 ug/g) 7 & WARAE (<0.01 ug/g) T THIH L X
NDENFRE P72, 1ug/g &0 EIREDHGIIE
KTHY, PREIZ0.05ug/sg THo720 KEFTOR
ETIE 70l E) R AHERIIEKL XV THY, —HE
TICBENRERFERIROONI, 70V E ) KA
MWEBRETRESNZEBON, £B1, 2, 3, 5,
6 IXFHIEMER 2 | - SRR S LT,
3.2.2 #4472

SHTRREL B2 SRS NS A T Y vIET
ik A7 {, 5EA50.01-0.02 ug/g, HEET
$0.15ug/g TH Y, BRHRITIFLEAE LW LS
RENT,
3.2.3 Jrx=-bkAFA>

M AERE L 23/32 L BV A, REMEIL0.38 ug/g,

FIEIZ0.04 ug/g, FRAEIZ0.02pg/g L7 T LY
R AT A LEL NV OFERETH - 72, Rl
RRLZEE (No.29) Tk, M OBERIZX 7 1 4
TEE LI AT L R RA]E BEARICEAL
TWiz,

3.2.4 ~NILXRNYL

W R E R E (2432 |, REE
(71.6 ug/g) , FI9ME (5.32 ug/g) , HIME (0.60 ug/g)
ELGHTL7EROPTERDBRETH 72, BE
EAEI SN FRETIE, £ 1 7 Fan 2 EmEs) % i
LizeDZ EThotz,

3.2.5 S$-421 (8t 7TRELTI—TI)

S-421 DR HEIT 100% TH Y, REMH(6.19 ug/g),
I (0.54 ug/g) 1L X R ¥, 2 TILE) KA
WA WTEOWHRL XLV Tho 12, H&H
(0.13ug/g) 7B VEY AR LD HEHL, S4210
HYRDSN 25 & A ICHFET 2 2 LR a iz,
3.2.6 NZryOoONCEr

NTYraaRyYEVIIEREONT AT X M HE
RSz, 1ug/g * R 72FKEL 1 E (2.07 ug/e,
No.24) Thol:o ZOFRETIE, ENIIAEEZZL
fiioTBYy, EAFEL L TsYVrnaxryv¥rx%
CHHLTWL LEORNELRH - 72,
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4.2 NYZXLZ pehFFkRELEE
4.2.1 7OlEYERZ

7L ¥ sk AKE TR REMEE (FRAH,
FER) & LTE RS, KRHETH #k
RORMFEZEICER L RITT RS H 57 2 L3
S, KEBRERET (EPA) X ) 2 7 OFFE" % 4T
VW, 1 HBNEDOHA FIA 2 NETOI0HD
1 (A8 ICx L 0.03 ug/kg RE/A) /hE L L7,
ORTREREHELTIZ, 70V 7 21 (1986 4F 9
A) %oz a7UBiEEE LTS ER SN TE 22,
FAEGEE (BEFOEAE) OEMNZEKPRETREE
e (2000912 ) ICHe X, 20024F 7 BlCid @
WEEDSGIE SR, 7 10V E ) R A DB~ D A%
&7z,

SEORERTIE, —HRREIIBITSE 700 E ) KR
DEMNHEFELNLHBENZ L, #LC, BigHlE LT
saNEY) KA REAM L ZREDPSENT AT A b
K7L RADVERETHRIEENE Z LR EN
728, IS OFERILHTE 1997 FEOREIZ BT BIK
W ERLTH o7, SHOFE TREM20.4 ug/g
(FIZE 1) %R L72REEE, 1999 4E 11 A 12 PR L E
7o Tz, FRIE2 (7.82ug/g) 1 2000 4E 1 HIZFH
B2 L2HERETH ), RE3 (4.97 ug/e) i3
1997 A B BRALEE (BT 38) % L T\ /oo 25 (1.56
pug/g) (31995 FE B I P BEMBEFE AR L/ RET
b, WHEE6FERTORBAHLEL NVITED -
720 ZOFRES5 T, AmEH1r AHICHIE L2

ZEEH 70NV E ) R AREIL0. 14 ug/m T - 72
A%, T OAEIE 2000 12 HIZED Sz /NRETgE 2
B 7OV E Y R ADENERPIRIEO0. 1 ug/m’
(BAx L 1.0 pug/m*) ZHBR AL NV THo 70 K
6 daimFEAg" T, PgLEEL 1 FETHAY RS
A NHYEREIL5. 14 ug/g Th - 7275, 40, WHL7
AL 0.68ug/g LBV LTz ZOFRE6 DEMA
ZERH 7 OV ¥ R AR IR 2 SR H 0 1996 4
7 TIZ0.10 pg/m® ENBFEGGE IS T S FEHE
0.1pug/m’ 2B R TW/z7%, 4l (UEK74H) T
130.03 ug/m* X KT L 72,

uT ) BELERRICBIT A ENERF /oL E
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1) R AR OREREL 2 BIE L - F 2 oL T,
7V E ) AT & B BRI LD R R 1S
blzo TERNERHD 7 UL ¥ ) R R EBEIVNE~NDIE
$HMEO. 1 ug/m 22 B LN THEIFE NS Z L AUR
s, LR, NEFVAERETIEZ L) KR
S ABALEBITEE SRR S, ERARRY 0
VE R AR B LGB B wWTh, K
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NG AT A MR 7OV EY) RAREDN 1 ug/s BE %
M2 DRETIE, PEUEEMS 207 a0l ) kA
szt EZON, T2, 10 ug/g L NI DiF
EDBEINLCHEITIENZERF 7 0L Y kAR
BEOMNEIrLEEEZ bR,

4.2.2 BATT
KETESA 7Y/ idrzane) k2 e FRE
RIZE VO BED1DTHY, BiBEORME
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726
SRIDFERTYA TV ) DOERFEREMSITE A LR
ERABWI LI, HRTRYA T/ v 2 xBRBICE
HET b2 ehbnwnintEz onb, wiEFED N
TATANKENIZOWTEATY ) ORBER S
Y L7 RICBWT O ZRTES (B 2/15, &
EE0.01 pg/g) FIZEAEASNL A -7 (Table
2)o KE S 2000 EBEDE & 41297 - 2 ENER
TAHRE) CRREOHERECHEEENERF S AT
Ty OHHEL2/82 (REfE3.3ng/m?) &K
ZEERHRE L, BRSY R THELY ORERET
QENERP YA T Y/ ViEERIREME 2 ng/m’
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BB OM Sy 7)) AT I A L b
DOBWEEEN, FA TV ) VMBIZEBH Y 795
DENFHE L HE sz, SHoEETRIAT
VA S 15 RS VAR - €/l
4.2.3 Jx=bMAOFF >

1980 4E DA B & L NN O FEERE CTIE, ¥ L 727
BEEDNT AT A N EEEDS 0.26~1.90 ug/g O
TJr = baFF AR &N/ (Table 2), HATIE
ZERNHPCRZHORIEANA T L il =buFt v
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MWESEHERTEBY, "IRAFAMp T buF
FrOMBEERCEBETISVWIOETFREINSD, &5
e B M 1L 23/32 E BV L O D, HEE
0.38 ug/g, FIGMEIL0.04 ug/g & ME &I ORE
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TWVBA, ZOFAERITEICHFEEL, ML Twsb
DrEZ LN, FRIOKEGHEAYRLCRE (RE
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RIOFHIZNT AT A S HBEICNET 5 2 & 2R T

LDOTHbD, ZERNERHT 7 == buF+ ViREOHIE
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HITLTWBEEZONT, IEfHTL.6 ug/g L
oFEE(FE12) T, 1 7 ARNCEER ZHEH L
mEDZLTHY, 1EEEETLE, ERIIEANI
BB THRAT A Z LR LI, T, MMEERFIO
BB T ERIC BT RS 2 LD
AR S, EEROMHRIE TS R BREASLET
HbH,

SOV AN X BB, ol kRO
BEERAMBRIERENICSREFRLGISREIL,
18.8 ug/g DEEE ML LR RE 131XV 4 b)) »
12 & BB A 1997 £ B4 o T 7o, RV A b
Y EREREDO 1 DL LT, ERmREO Ry &
BHiToND, oSy 7 O RUNTIE—RH & b A
L, BRAID A Y HFro L AT A FEINBITL
72AS, BNy 2 (RE4 L 181E L A by UL
BHSy 7) ORI, WEEOFRHEEICER 2 EN

BT A28l b, lug/s B HBERRL
RBET, BEESHEARPKRERZEHL Ty

LEEL, BEEFBETCELVEE (REG6, T,
10, 14, 15, 16, 17, 19, 27) H»db-o72. THHDORK
BT, ~va b)) rpsiEs, BR, & RELELC
Al E LTI TS, &5 \W0iE, ARENICH
WAL LTl S S, BEZBORBIMLAwEZA
TOFH S -7z EZONDL, BOFHY — Mol
HENTWEEAIZE, 20 L TELGEICERPIC
A AW AT Z Wb, RIVA N Y DENER
PIREHMEIIFRE SN TR VA, X M) vidnb
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