45

EEMEICLZERNERBROE=ZU T

—70ILEY KRR, ~NJLA MY, HCHO, VOCs ICDWT—

RNEET gl -] AR B
BUERHFERFERREER
BRI ERR
(200148 9 A28H M)

U ®IC

19804 X WKk T, B, wEv, HORALR CROLRBAZHAIEEEDOS VY
VHHEE L, BEHEIE, EZANVE—020 VOBRAENHIR S, FROFBRYE I
T AEFRBENPER L0 TR WA EEILNTWE, Wb® A “vy 7 EIVER
B ORBETH LY, PUVERFETE, wbwad [EVERE] CLoT—EHEL LD
BHICBWTRBERESTRE STV bd > T, KELMEILREL o7

L L, BAETLIRE, BAEBIZBWT “Yy 70y AEERE & UCHEELT
ETWAY, 852, “IbEWHEBRHEE" dEHINTVLEY, wihd, ENZKT O
FEMENREE L TV ARV TWE, 2, EOERFEOEET T AT —%)
RKEEFL2ZORBILL TV —FT, BEMOLH, Y7 UBROOOREHWNHE,
S5, REFEORETORG RFERREN—RELTHITENLE, Z0/zd, BHE
REENTWBEILDBE VARV AT VTR F (HCHO) RHEFBEABILEY (VOCs) 12
DOWTI, BENEEBEROABITHLNTETVE, LirL, Y7 UBKRHRLERA
FIoWnTE, ARGINEE LD 2V,

FZC, AH, —~fEICIERHIATWAYRTUHRAOZ OV E ) KA (B v
BpmE), HEER  RREREBBRIOSVA M) Y (ARYLVATL FRRBRA) %
WY FF, ERERELRIEDEI LAV EOYR, BEZOBRBILEOBELROMRAE
RERLL Y L L, 208, H4dEBAMIFRHREONE (REE=Y V7)<
MA<, BEE=5 ) v 7 e LIRPRBUEBERT LT 2EYFENE=S ) V70D
FHEEMYANRL ) LEX L, LS, APFNE=F ) L7 2LBT7Tu—-F ], &
FEPERBCEOBREAEYEICRESL, LFEPEEZRINL T L2 EEERTI S
0, BEOFMEBANICITL, BEE=V ) V7L LTHALEZEZLNLDPLTH
Bo %P, BHTLT, HCHO ® VOCs I W T HHAE (REET =5V V7)) 2ERL T,
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ME&bBLOHE
1. JOLEURZIBLONRLA RS
REE=S ) V7 LTEAETPREONE, BHRE=5 ) 7 LTRBAHY
DWE (EWFEHE=F) 7)) 2FE B L, Thbb, BRNEREPEEONEI,
TADFTTIZHE LTV B EHE (BRARILEO. 2pm) D PTFE F 2 — 7 (& &45mm,
A&E10mm, E & 1mm) ZHHEH & L T Supelpack™-2 (SUPELCO) #%0.75g i L 7=
Wy 7H 7T —Fil & ot ¥72, RARHDOUEIEZR AT TIIHEE L Tw
590, 7N RAOHERTDS,5,6- ) ra0a-2-¥y Y — ) (TCP),
NWVAMN) POBERFPDI -T2/ F IRV, v 2Ty F (PBA) #if& s LT
1T-72
VO TIT DR Fa-T RO HERENAT VOB L, PV 3ml TR
F O(1IRERRPIRE)) S8k, LERBLTZ P F—F oy ¥ o BHsIcC
ML, ERE% Y. Th% GC-MS/SIM (B# GCMS-QP2000GF) 2 THlE L7z, W%
FMIUTIRTMLCH B, H T4 DB-5MS (J & W), 30mX0.32mml. D., 0.25um
film thickness ; 4 — 7" | 180C (2 min) to 260C at 10°C/min and 260C (8 min) ; A
vVxrvayi20C, A7)y VA, ¥y YT H A Hel0ml/min ; m/z . 7 9
Y1) kA 34, RNV 183
FRH TCP, PBA D52 | JR 5 ml \ZiBHEEE 1 ml 0%, 100C T 1 BRI 5,
Wik, BEAKIOM MR, DT/ OUKRVASM, 2F /=) 5ml Tk, KH
K5ml% 2 [l L CHlEE L CB 72 Sep—Pak CulZ T RIE 2 T o WK 5ml T4 M|
D Sep—Pak Cs PEo 2%, 20T ANV A EmlTTCP & PBA # A S/ 5, XKIZ, oh
T NP CEHESE, NV E 40 2 H» L, N, O-Bis (trimethylsilyl) acetamide 10
pzhma <y vk, 1R ENIZGOMS THllE L7z, HE¥ATE O TCP, PBA b [
BACILEE LTl icfit L2z SIMBEIZ & B GCMS (B GCMS—QP2000GF) o il 58 &4
BETIZRTMLS CH b, #F 4 DB-5MS(T& W), 30mX0.32mm L D., 0.25um film
thickness ; = — 7> 120C (2 min) to 260C at 16°C/min and 260C (4 min) | 4 v
Yxrari20C, A7V v FLA ¥y FH A HelOml/min ; m/z: TCP 256,
PBA 286
HE7a VYRR, RVAN)VBLOPBAERFIIMEHETEROL D%
M, F7, TCPEMESIXF Y 7 I WML Y5227, FEEREEI 7L VI
THELZ, TOMORERITHOBRERESNHD 5V IIFELEHE L2
2. HCHO
FNESTIREOWEIL, Sep-PakDNPH (2,4-YV = bO 7z FSI ) H
77— @ Xposure (Waters) #/Sv ¥V 7H 75—k LTHWARN SO FEICHE L
7o

M
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TGO N YT EEE (I0m) RBD AT, T M= YL 3ml
AN, o< h EMLUE T, £0BHR20u % HPLC 12 A L 72, HPLC Ol & &
&, # 9 L4 . Nova—Pak Cis (Waters), 150mmX3.9mm LD.; 4 —7 > 40C ; BE# :
K/T7H =Y V=65/35, fiE 1ml/min; HEEE  360nm TH 5,

ME 7 P MY VIZHPLCH (Ft# %) 2 H L, HCHO ¥ ¥% % i&,
HCHO-DNPH (HFLEK) # 7t b= b U VICER» L CHEL 2,

3. VOCs

HENEZRPREOWUEILX, SMAEWFAE=S — (#3500) 2HVE/ Sy T T
T —gEIlL o,

VU705 SMABT AT Y - EBESMBEHBCEL T, ZmibRE

(CS) L.5ml T1lEEHBERL 2 ICIEL 9 - HAEF L, GC-MS/SIM (5 # GCMS-QP2000
GF) 2L YV @ESH L7zo GC-MS/SIMlJ5E Ffid 7 7 &  DB-624 (T& W), 30mX
0.32mm 1. D., 1.8um film thickness ; *+— 7 > : 40C (5min) to 135C at 3 °C/min ; A
vV vavi150C, A7y PVA;F Y YTHA He 10ml/min TH b, F
72, W% VOCs & m/z IE MEK 72, BtV 70, 1,1,1—- Y rzupnxLy 97, N¥
Y74, b)) runaxrF L 130, 7/ =56, MIBK8, P91, S hFrun
IFL 166, BERE T F V56, TFINYE 106, ¥V L 106, /XTFVruuaRy ¥
v 146TH 5,

I CSATEHEIREIME B (Fobise), 2 oMIdERRE v, BB CS,
T L7,

4., AEMNGES LY TYULT

F1, B2\ BELLPYT 7Y VI OoOWTOBMELZ RT, FATIHREIZ20004ED 5
ATH®~6H T, BEREKDOT 7)) v 7, LEOZEY Y 72RO RO
RELS~2mAEICIBEBERLIT L) HEICL o7z RIZY YT I—-28FTHD

K1 WBEREBLUCERZRY TV TOHRE
WHBERE I BB YaTuMkg v 7Yy 1 BEHEET

A ® kT OB 17 4 12 A 1 B 241F51H)
B ok LB 37 # 245 B 1 P JE 213
C f£ 3k T A B 367 A 1 P i i
D TUNT L 15 4 17 A 1 B 1085
E T R L #® 184 A Bibk7 L N 1085
F ok T 245 B 245 B 1 BT 24151
G ® R T 12% A Fikg7z L 1 P 10%51H
H £ ok T 3% B BibRe L 1 B SHF

) AR ATH~6 HE@T, &3 v 77 -2 BORROK L5~ 2m fHEIC 1
BEMALLTEW, B, RBETXTFRED 2HETSH 5,
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R2 RY>T) L THEEOBE

SETNE S RN I o BBk

A-1 A © 565% 201518 L

B-1 B z 69 19FFH sl

B-2 B B 38 1285 L

B-3 B © 315% 2415 &, PR
B-4 B 5 81 175 L

B-5 B 5 5% 17/ L

Cc-1 C 5 725 22 L

c-2 C L8 67H% 22858 L

D-1 D =] 635k 1585 =L

D-2 D 7 597% 2458 L

E-1 E % 207% 19/F B - MR

F-1 F 3 57 Bl WHE, DIV, RERE
F-2 F % 567% i H - ORI, EaR, RER
G-1 G © 665  1oHER BETLLVE—
H-1 H 3 317% 14558 L

H-2 H '8 207 . 148 L

) RET Y 77— TBOH, o Th b\, BN T THERE L,

W, Mo T, HRBSIEE CHEEFELZ. £/, 7y —hoky, ¥ 7
Dy ZHERO 1 BPHORBTEBCEEER, d5VIEHEEOHEERELRAEL
ZZo B, WITNDY YT I —b Fick DPHE - FEHEHBL LT, TARODbDO%
WETALIS I oTW A,

T S

R3IW, BRREPIZONVEY KRR, RUVA M) VBLITERFRORBRBY T 2
TCP, PBAZMIZE LR a2 T, 7UuL¥ Vs AR SKBPIRE B, C, )b, 21
~26ng/m* DHEP THRE SNize ZLC, SREOFEFEHE L IXRARIY O TCP A9 A
7N (B-1,-3,-4,-5,C-1,-2;F-1) CHH&ENZ, bhAall, ZO3IRREI
WENRL YT )HBREBTH B, —F, 7NV E)RARBRBEN LD o2 REOEE
BEOTCPHRERIRIZT AR 2 A (A-1 ;H-2) Fodzo T/, "AXA M) VIZ8REH
5%E (A, B, C, D, H) 5, 3~6lng/m’OFH TR SN, LT, 5KED
FREE» S RIRPNAHY O PBAFIL2AFS A (A-1 ;C-1,-2 ;D-2 ; H-1) T
SN =T, RVA MY UPBREBENE L 2RBORBEEZ O PBAMEIRIIZ 4 Ak
1A (B-1) o7,

B LICEAER P HCHO JIEH B4R T, HCHO X 8RBT Th b &N, 40
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FHEBZHRCTHRE OHCHOE E 1218~35ug/m* O #FH TdH o 7245, HERB Tt .
103ug/m*E WIABWEEZ R L7z, bhAI, HEBRERI v AL —FH Lo,

B2 ICEHNZERF VOCs MM RER T, WENRE L7z VOCISHEEIZ, 1ZIZE&THE
AEZRB PSSP RSN, ZL T, TNH5DVOCs D, & L THEME
CHETAVOCTIE VLY, ZFARVEY, FTLUPKREEEOEVVOCTH -
720 B K, B3P AL—FH LP o ZHEKETHE, MOKBFN PV 3~6
pg/m*, TFNARYEY 2 ~1W0pg/m®, ¥V 2 ~19ug/m*THAHDIZHL, PV
pg/m®, TF NV E UBEug/m?, ¥ VL vUpg/mPE SREMREBHEERLL, 861

%3 FRZERDIOINEURZ, N4 MY VEBESLURP TCP, PBAEE

. 2L RA ~_J IV
KB FfE 7 )3?‘ TCP . A }‘3) PBA .
ng/m ng/mg: cre ng/m ng/mg:cre
A ND — 24 —
A-1 - 6 — 16
B 21 — 9 —
B-1 — 24 — ND
B-2 — ND — ND
B-3 — 3 - ND
B-4 — 10 - ND
B-5 - 18 — ND
C 26 - 3 -
Cc-1 - 10 — 12
C-2 — 7 — 27
D ND - 61 —
D-1 — » ND - ND
D-2 — ND — 48
E ND — ND —
E-1 — ND - ND
F 22 — ND —
F-1 - ‘ 7 — ND
F-2 — ND - 5
G ND — ND -
G-1 — ND - ND
H ND - 32 —
H-1 — ND - 9
H-2 - 11 — ND

TE) *IRH creatinine (2 & AHFIEME (FROWEHIC & 2 NHIREE DEE) & #1E)
ND (BRHTHR) 327 ur ¥y kA, RV x Y ¥ Tid<1lng/m'; TCP, PBA TIIfRHiE
ECT<1ng/ml
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MEK, MIBK, BEEE 7 F v b R ETH » 72720, HRE O VOCs (13HEH A 5) 13260ug/m®
LEEEAR L, 72, CRERTR/ST V70NV LU, OREHF 1 ~1lpg/m’
THDHOW L, 183ug/m*E Eh o278, CER O VOCs 13193ug/m*% 7R L 72 —
7, C, HREBZ BV RKEDH VOCs 1316 ~49ug/m* Tdh > 72,

£ =

7UuNEYRAZER) CROFBFT, BAPETE OV T U AT1986E AL L
ToTUE, Yu7 iRl LTAL bR TWAER, Bk, EELHE R, Bofm
Ao ECHALBHEEPHERZ 2V M, MBE R TWABENRATFEYEO—>T
Hh, TOZANE) FAZDOWT, US-EPA I, B, YV A7 OFFMe TV, Eid
DDA 2B/ R ERERE LAY, 20 L) &k, EENHETEANERG R
BB HTARI A4 LT, 20004E1C1E 27 B ¥ ) ok 24t 3 FEAE O L3R 0 E N E I
My afeEEEmML Y, COESER, HRECBVWTAFWELABZOMACED
&, A\PEOBEYWEORENIBELTORGEY ~AEZ T2 LTH, BE~NOFE
GREEBTRTRVTHS ) LOHIICL VRESINLMETH Y, Zhbid, §BERSN
LI MAR, o IcET EBRNYZFHEEEOEB I, FRLEFHNITEE
SNB\EBDTHEEENL, ZOFTAFITA Vit hiE, 27ar ¥y kA0iEsER 1
ug/mE o Tnb, 72720, 7uM¥) R ARHERORICHERKLEL 2R 2T T
WAL s, ABEFEICH L 0. 1pg/m®* (100ng/m®) 2SEH S5, 4 HO
FTAOTECTE, 7o) AT SERBFIRE (B, C, F) # 5H21~26ng/m*? i
THR SN, W FESEFRL 50 CHREME L MBI T E 20w, SR0RAE
BEX/NEEIEH IS T 2IEEMERZ BEZ I L TON R ) THo T, 7272, ThHDORRE
Fru 7 VBB ~3ERBLTWASZD, BRI R ) ORETH - 22Tk
B bo B, HBHSVEBBROPOREORHE TEMNIEELI0~120ng/m* % BLH L Tw
o BB, YUTIHKREL 2 HORBTZOLVE Y RAH B WVIZTCP A ST
WO, YaT7)BBREC BV E ) RAPEHIN T RWwhEEZONDL, WT
NIZLTH, ERESRBOBEZEIAFT A 0wV E ) RADRFAHWCTH 5 TCP
PRESNTWEZ EhbH, BELSEHNEKTIVKBE TR P/FEL WL 7MY
VARARZEABHEODHLZLEHOIEVR B, 72, EBROFZDINOORBOREME
BB ALNTWAZ DS, 7RV E Y RABRBELOMELHEINS,

=, NV A M) YEERE L A0S FRRRAT, KEMC ABH (HAEER - Tk
EHEERE) Kb Tnd, SRIOFET, VA M) VE8RBFLIRENS 3 ~
6lng/mM DEPFTHIBE N2y BED L ZARLVA M) Y IZOWTIHIEHENRE SN T
WhiWed, ZOREOFMIZE LA, BAENOREYICBWT, (ABLEHZOSE
NZBEFITAIL A M) Vi E240000ng/m* 2 B L, P25 PBA ZEIEEICHRE LT
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o WTFNIZLTY, ERESKBOBEFOHIZIEAANA M) Y ORPHY TH 5 PBA
PRESNTVDEADVEZEDDE, PRELRVA M VBEODH LI LIEIHEI L
Zhb,

LEl, HBAEZONVE)RABITRVA MY VIZOWTH, WEE=5) Y70z
T, BEE= Vv 7L LTRFRBYEBERBT LT 2EYFENE= S ) Y TOFHEL
P ANTHhT, FORE, EMFEHE YY) V75770 —FI13, BAEEFERIC
E@ﬁ?%#%ﬁ:%@én m%%%%wWLTwé#%E%%%@%étw,%@@
FME R BAIICIT R, (LFWRIC L ABNERTFTROET=Y ) Y 7 E LTEMRI LD
#otoaf,%%&R¢ﬁ%%t@%®§%%%%éwaﬁtwa<:tﬁﬁ%k%
A,

RIZHCHO IZ22WTTH A7, HCHO BN PREHBFIIFEINTVWT, BRYHERN
WERE N D720, @EEBEGENRTZFEREYWED D2 TH LY, 0D, BEHE
BIEENESITE %é%ﬁﬁ&bfmmym%ambfméwoa@@%ﬁﬁ,mmo
H8RBTRThLBIEEIN, ZOH 7T RKEILI8~3bug/m DEH T o 7245, Fk3 7
He—FEF Lo L HRBTHI0Bug/m’ L HEHELZETBL TV, Zhid, £HOH
BENTOEMEN S OHCHO B &S W, 1HOBBIRESIRHEE NI L
EALEbNE, CORBOREEIZIFVIERACIERERSRE LOBBEIADL
NTVuRWs, EEREFUERLEBNEVI LD, BRI TIEET LI LHE
Wz b,

F 72, VOCs iZ2WnTid, 4 EMENSE L LA213HEO vOC i3ITITE&THENER B H
LS hhBHsh, 2omEe LTEMNSECHRTLZVOCTIR MV DY,
Ly, TFANRYEYIHRBEEOEWVOC THh o7z, ZOI3EIE D VOC O, EAY
BEDOBNERFER A LIHEITRESNTwEDE VY, 2Ly, TP
rpuaRyEy, TFURYE Y THY, FREN260, 870, 240, 3800ug/m’L % o> T\
B, AEEHEE BRI EBE oz, L 2, BRI HE—BH LI o7H
KRBT, ML TrBpg/m’, #vvy%@mil%wmy%yw%mwsﬁﬁ¢ﬁ%
fEeRLbo0, BEMEIETTH > T, 7272, HRBTIIMO vOCs IBE b &4
<,WT@iﬂcMHO®F§mﬁotu&#E,%&@E#&Wﬂffﬁ*W$m¢
{LFWEOBENEL E YV G EZoh, MRICEETLIZEOBRERIRB I N,
2, NIV /nuNYE I CHRETISu/m* L BHEIE TH> T2 00 B E%
AL, BE, N7V 70XV EYRRROGBEFRE LTERASINLZLPE WD
HEEPEP PP D O TRETHE L TR RN R IR E I m<&5&%x6
Nod, EE, BLAGHOWAYTl412ng/m* FREMEOH 6 ) LWV IFHEICEVENZE
STV ruuNRy P riEETBHNLTYwAE, /4, KRIEREFELZISS Y700y

FTU I T BEINBLLEV)ZLEZHLPIZLTWEY, LT, /85 ¥ 700
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RYEVEDWTIEIOL ) 2REL2 Mo TBLEFDH L b5, ,
DE, REOKR, va7 )ikEDZVCIEEBROHPRVER, BRA - HRH 2 H
ALTwARECEIZENEZAREFYEORENEZVHVI b olze LI
T, MEWBET LI EREPFEREL VLY, RDEELILE, Yo7 UHBRLER
FERICOVWTIRY A eR2 T4y betaZERL, FE ) 7+ —2FCBLTEH
Baet+aBid+2280LT, BHOENLFWEBREZBECILTH S,

WERIZLTH, SRORELS, ENERFLEYWEOET= Y Y7 ENICED S
RHMBREOY X7 FHEPLELE VR B,

-

LT X B ENREGERIEE (Y y 20Ny AERESE) LhoTwa I ehn,
a7 )pEHoZz oV Y kA, HEER  TRERBRIORVA MY Y2RY B
7, BEREABREIEOLI L NVEOR, BEEORBILOBRELZOPALELZ LN
L7, f¥THCHO, VOCs IZ20WT b BENERFLROBERKEFEL 72,

s NVEY R A 8RBT IRE Pkt 2~34) 0%l (BHE) BEHH521~26
ng/m* O EEE TR SNz, EENEHE OHFEHE (1000ng/m?, /NE%100ng/m’) BT
Thole LPL, INOEORBOREE D SITRPRBY O TCP AT AR 7 NTHRHE
AN RVAP)VIRSEBPSREDS 3 ~6lng/mOHEH TR SN, ThE5DR
BOREED SIZRPRBY O PBA M I2AM 5 NITHRE Sz, 40, RPNHY 28§
BREL T LEYHENE= Y Y Y FR2RALEIS, TOT T —FIIREEFERICE
OREALEWEICEZSN, EEPEERPNLTVEr2EEHERTCE L0, BEOFF
i BAMIATZ, (LEWHICLZENERBEROT=S ) V7L LTHEMZI DD
Mol

HCHO X 8 KRBT RTHEMH &R, 18~1083ug/m*DEETH o7 Z0H, —FHL
PolFKE (BEH3 2 ) TIEIEHEIONg/M Z B R TWiz,

VOCs ¢ LT bvmy, ¥y, TFURVEVORBEENEP 272, LAL
—BHF Lo KBTS, FNEN, 34, Sug/m’L SREFEEELZRL-DDOD,
FNENOIREHE260, 870, 3800ug/m i Tl o TWwiz, 72, NIV 7BENYEVZ
CIREEHTAHRMEGIH LTV AE A THENELFRERAS (B,

Pk, 4RORESS, Ya7 )Rkt B VIZEROHPTRCRE, BHHRA - RUA
RHEHLTVWARETRENERHEFWEORENB L 2DV H VI eWbhD, BRIC
RMETLILOBEBEWIRENL L LB, BRARRFLEWEDE=Y ) Y 7L ENIZ
EOCRYBED) A7 FHEOLEEIVRIZ S NI,

BB, RBFEIE20004 8 AR EMA RS, HRUTRCI2)EE 51068013312 &
DI FD—ETH 5,
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Monitoring of Indoor Air Contamination by Chemicals :
Chlorpyrifos, Permethrin, HCHO, VOCs

Fumiyuki ASAKAWA, Fumihiko JITSUNART*, DAI Ko", Takako KITAMADO*

College of Liberal Arts and Science for International Studies,
Kurashiki University of Science and the Arts,
2640 Nishinoura, Tsurajima—cho, Kurashiki—shi, Okayama 712-8505, Japan
*School of Medicine, Kagawa Medical University,
1750—1 Ikenobe, Miki—cho, Kagawa 761-0793, Japan

(Received September 28, 2001)

Hazardous health effects such as “sick house syndrome” due to elevated indoor chemicals in
residential buildings are increasing in Japan. We determined the concentrations of chlorpyrifos
(organophosphorus termiticide) / permethrin (pyrethroid pesticide) in indoor air and 3,35, 6-
trichloro—2—pyridinol (TCP, metabolite of chlorpyrifos) / 3—phenoxy benzoic acid (PBA, metabolite
of permethrin) in the residents’ urine as exposure indices. Moreover, the concentrations of
formaldehyde (HCHO) and 13 kinds of volatile organic compounds (VOCs) in indoor air were
determined.

The chlorpyrifos levels were 2126 ng/m’ in 3 of 8 houses and the levels were below indoor air
quality guidelines (1000 ng/m’ or 100 ng/m’ for an infant) in Japan. However, urinary TCP was
detected in 7 of 9 residents in 3 houses. The permethrin levels were 3—61 ng/m® in 5 of 8 houses
and urinary PBA was detected in 5 of 12 residents in 5 houses. However, guidelines for permethrin
have not been established in Japan.

The HCHO levels were 10—103 pg/m’ in 8 of 8 houses and the level in a newly-built house
was higher than the guidelines (100 pig/m’) in Japan.

Thirteen kinds of VOCs were detected in indoor air of all houses and the levels of toluene,
xylene, ethylbenzene in indoor air of a newly-built house were the highest (95, 34, 55 pg/m’,
respectively). However, these levels were lower than the guidelines (260, 870, 3800 ug/m’,
respectively) in Japan,

The present findings suggest that it is necessary to monitor chemicals such as termiticides,
pesticides, formaldehyde, VOCs (toluene, xylene, p—dichlorobenzene, etc.) contaminating indoor air

and to assess the risk of prolonged exposure to these chemicals.



