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Organic phosphate triesters (OP) are a range of compounds widely used as additive

flame retardants in ceiling and wall coverings. To date, only a limited number of

studies have been conducted that measure OP in house dust and only two have

investigated OP levels and inhabitants’ health. The aim of this study was to measure

OP levels in homes and to evaluate their relation to Sick Building Syndrome (SBS)

symptoms among elementary school pupils, a known high risk group. Case and control

pupils were selected from a baseline questionnaire survey conducted at 12 elementary

schools in Sapporo in 2009, and 80 agreed to participate. Floor dust was collected

from the living room of each pupil’ homes and analyzed by GC/MS to determine the

concentrations of 11 OP compounds. Questionnaires were given to all pupils at the

same time to assess any SBS symptoms. Among all subjects, 39 pupils reported having

SBS symptoms and gender and grade (£1)-matched controls were selected. Significantly

more allergies were reported in the case pupils, who tended to live in older houses

with more reports of dampness. Tris(butoxyethyl) phosphate (TBEP) had the highest

concentration among the OP; the median value (detection rate) among the case and

control houses was 56. 01 u g/g dust (89. 7%) and 59. 70 u g/g dust (87.2%), respectively.

There was no difference in the levels of OP between the case and control groups

Although there was no relation between OP and SBS in this study, further studies of



OP should be continued as the level of TBEP in Japan was much higher than that of

Europe

Key words

sick building syndrome (SBS), house dust, organic phosphate triesters (0P) , flame

retardants, elementally school pupils
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INA VAT TN—TThHHREERNRIZ, ENOAEY) VU = A7 VHHEE L SHS A

& OREEICHOWTHET L7z, £/, AOMETI/NERIZE S REIT 7V n—F 2 L Tx

RELTTD, MEOEDLAZIZIFETEZEOLRLT T N— v rvavrbnolk

EAEENGENTEY, FFEL 0ENPL A FLHELTHD. ATERRTITAKRY R

MU 2TV LLAEEDITON TR b A d W IE L AR LEFOR THERIREEIT RSN

Role. ERGLNRNoTEBE LT, AUIETIIAKY VB ) = 27 VEORKR

HOERENE HIZ Kanazawa HOHE VI RN LTz, TP A ARSI
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ENREBEZOND. —F, MEFHRAEEEIIEON -T2 b DD, TCIPP D X HIZHFH Y

PHOHETRENSEWVHANRESNTZWELH Y, A% b5 Sk RED SIS Ak & A

Vo b m AT VEBEE L OBBEICOVW TN L TV ME XL EE2D. £,

S AL DPEFE S s+ 5 L, TBEP JEEEIZA T = —F D 8.5 ug/g & Hlk U TR

OFIEITAFH O EE, AL LEETENEN 56.01 ug/g dust, 59.70 pg/g dust & 6

~TfEEL, BEOHADOHETE 1,570 ug/g dust EXbHOTEWY, 5T, 5% b

NN

AATOIHGYRIL, ROV TS O RL[EN RO OND.

<

5. EEDORHEEAHY VB N) AT I)VEEBE L OREIZOWT

SAEM LAY U N Y m AT VEE I IIEEEN B O 72, TBEP I LVWMEE TAE R

WCEMETH o7, TBEP OLEARARE LT — Y700 v ZANH1 O, —feiyic g

BHZIZ 7 m— U U T DRIZT v 7 AeBH LEZEZADBND. AWIZERR TS, KRR 7 n—

U 7D TIBEP DAREICEEEZ R L. 2B, BEHGE L TRV =X —0"HDH

T TBEP WA EICEEL R LD, /SR —F =P E SN TWDFITH LNWFE A @ CF

EN%L, F 10 FELLFOMEET TBEP IRENEWRE R E K EZ L TV D R[EEENRE 2 B

7. JERNCHIEE DN, A5 WIIMEAOFEE T TCEP WA EICEEEZ R~ L=, it- T,

EHERMEME IR O TAEK Y B N ) = AT VHIRE O & O RIREREME OREZ KT

SELIEDITHIHRETT 2HENRNLEZELLND.
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6. AHFFDITRA & FRF

ARAFZEIL SHS DANA VAT TN—TTHHREE G E L TWD I ERRMFIEDRI L

FEAbND. £, HEHHECMA TENOAKY VU = 27 VERRE 2 ]E L7z

RORFEOBRA L ZZ DD, A VRN = AT VHRE L SHS JERDOATR & DR

W2 BT ARITT E A ERLFHEEZ AT 5.

—J7, ARWRITRGEENEEE 18 4 L7 < i ) TiE v, Z oI HOWTE, [l

TR 22 FEELHEZITo CND D, YUY A XOYEFIZ L - THiT-7850

AN ONDEEENS D, A TITAKY VBN 2 AT VEREEZ X A NP O I %

HIEL, 22K Z2HE L TR, Kanazawa & 1%%25. % 0> TBEP J& & SHS JEIRDEFFFE D

BhEZ A LTl W, BEHEE L TR ESRERD 20 L., £, AW

FLIRTT DA TIT o T 5. AEE R & OFOHIT OETIIAIN & g L CRBmMERmm <

EFERER S HD ATREMEN B X SN D720 —RILICE L RV ATREMENR H 5. LavL,

FLIRTEONNIREEZ MR E L TNDEZ D, L DIRBEITAN/NERIIEFE L TWAH T

ORI REREZ N L TWD E VWX D725 9.
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FU AT VR IALEOREZJE LIz, AFEY ik b U = 27 VERRREE SHS Ak & O

B3 Do 7243, TBEP 78 Eigst & it L CEWNIRERSWVLEM DR H D Z L b

b, AU RN AT IVHEICER LTS 2k 4 2 BT mWEE 2 D,

vV EEE

ABFFEE, JEAEG@BR AR SR LA - fARE BRI AR v 7 Y

AJEMRE DR KEY D 72 80 O EFEBUE D P E — AL FEWHEA KR OCHE « ¥ =52 X %k
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T™MP -CH3;
TEP -CH,CH3
TPP -(CH,),CH3
TBP -(CH,)3CH3;
TCEP -CH,CH,CI
TCIPP  -CH(CHs)CH,CI
TDCPP -CH(CH,Cl),
TBEP -(CH,),0O(CH,)3:CHj3
TPhP -CsHs
TEHP -CH,CH(CH,CH3)(CH,)sCH3

TCP

-CeH4CH3
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Ot B~ W N

Fl: TGATAZANE Y v TN ZIEROF IR E O REE

n=39%H
GEY AL pfE

HERME P RIE25%E-75%1E) 15.0(14.0-16.5) 15.0(15.0-16.0) 0.676 2

TREEEZ  hR{E(25%fE-75%{E) 21:30(20:00-22:00) 21:30(20:00-22:00) 0.070 2

EEREFZ] P RE(25%fE-75%(E) 7:00(6:40-7:00) 7:00(6:30-7:00) 0.016 2

BERREFMAE AP R{E(25%fE-75%1E) 9.3(9.0-9.5) 9.5(9.0-9.5) 0.965

IFERLD =(SA N(%) 5(12.8) 3(7.7) 0687 P
DL IFEAETZLY N(%) 34(87.2) 36(92.3)

TV ~2BFREI<B LY N(%) 26(66.7) 33(84.6) 0.143 2
SBFfELLE N(%) 13(33.3) 6(15.4)

BE(E 28I1Z1E U E N(%) 36(92.3) 34(87.2) 0.727 9
SH~TERIZIE  N(%) 3(7.7) 5(12.8)

IR+ L\WVE. BFIC N(%) 14(35.9) 10(25.6) 0.481
f=L\TLWDE N(%) 25(64.1) 29(74.4)

BESH  LWZ, I N(%) 15(38.5) 13(33.3) 0.824
=L TLWDE N(%) 24(61.5) 26(66.7)

BRIRES  L\WVE, BFIC N(%) 3(7.7) 7(17.9) 0.344
f=LyTLDE N(%) 36(92.3) 32(82.1)

“Wilcoxon DFFFA} X AN FrE
PMcNemar # &
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K2 EEORHE Vv 7 T ZEROF & OB

n=39#H
HirHY HiREL pfBE

FEDIEHE FE®% 14(35.9) 22(56.4)  0.096 @
EE5EFE® 25(64.1) 17(43.6)

FEDHEE Ri&E(%) 17(43.6) 20(51.3)  0.607 ¥
a9 —k%) 21(53.8) 18(46.2)

o o 2 fiE (&) 12(2-40) 8(0-45) 0.020

B &HY %) 6(15.4) 10(25.6) 0424 2
7 L(%) 33(84.6) 29(74.4)

BEEH T IFERE 3.9+0.38 42+08 0.042 ®

ERE T IRERE 46+15 49=+11 0.310

BRYEE L5 (%) 12(30.8) 8(205) 0.424 2
LMELM%) 27(69.2) 31(79.5)

RERELDHD E{AYEH) 33(84.6) 24(615) 0.035 2
LMNZ (%) 6(15.4) 15(38.5)

BOTRRAVTYIR FEHLIBHERE  259+1.12 1.72+117 0.002 2

)

EEfREE HY(%) 24(61.5) 31(795) 0.118 2
7L %) 15(38.5) 8(20.5)

BRBSEEFER FHA%) 18(46.2) 27(69.2)  0.093 ¥
fERALL%) 21(53.8) 12(30.8)

BE B8 AR

BHAEERKRHYAL—T HY%) 23(59.0) 14(35.9) 0078 @
7 L%) 16(41.0) 25(64.1)

REEE HY%) 10(25.6) 6(154)  0.388 2
7L %) 29(74.4) 33(84.6)

INRILE—R— HY (%) 10(25.6) 22(56.4) 0.004 ¥
£ L(%) 29(74.4) 17(43.6)

73] 20— (%) 29(74.4) 34(87.2) 0.180 ¥
Z D h(%) 10(25.6) 5(12.8)

h—Ayh HY(%) 29(74.4) 26(66.7)  0.629 2
7 L(%) 10(25.6) 13(33.3)

BEM E=Z)LYBX(%) 35(89.7) 33(846) 0.754 ¥
ZDHh(%) 4(10.3) 6(15.4)

1RERAEE (GE) oh 2 fiE (&6 EH) 4.1(0.6-7.0) 3.0(1.0-7.0) 0.086 P

ZETHEE (GB) e S B (6 ) 5.2(0.0-18) 6.0(0.0-7.0)  0.450

72 B (B RS 3043 AN (%) 27(69.2) 22(56.4) 0302 ¥
305 KA E(%) 11(28.2) 16(41.0)

D)McNemar ¥ E

YWilcoxon MDFFHA} X NENLFrkRE
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F3: XAMPU UM N ATV, BE, BEL T v 7T REROE

i & DB

n=39#H
HHRbHY HiREL ofis
PRE  75% &RAfE WBHE pRE 75% HRKE EHE

TMP <LOQ <LOQ <LOQ 00 <LOQ <LOQ <LOQ 0.0 -
TEP <LOQ <LOQ <LOQ 00 <LOQ <LOQ <LOQ 0.0 -
TPP <LOQ <LOQ <LOQ 00 <LOQ <LOQ 1.15 51 0.180
TBP <LOQ <LOQ 7.98 51 <LOQ <LOQ 12.86 7.7 0.686
TCEP  <LOQ 217 4100 410 <LOQ 1.41 4893 410 0236
TCIPP  <LOQ 112 59.71 282 <LOQ <LOQ 3285 231 0777
TDCPP <LOQ <LOQ 27644 128 <LOQ <LOQ 936 103 0.327
TBEP 56.01 161.34 65754 897 5970 207.13 160077 872 0.286
TPhP  <LOQ <LOQ 6.16  23.1 <LOQ <LOQ 667 154 0.754
TEHP  <LOQ 294 1487 410 <LOQ 2.41 700 308 0.116
TCP <LOQ <LOQ <LOQ 00 <LOQ <LOQ 4.94 26 0317
BECC) 208 22.4 246 - 216 226 245 - 0.126
BE®%) 553 60.7 71.0 - 509 60.0 69.3 - 0.023

Wilcoxon DFFHfF X NEN AR E
REE: ng/ g dust

B =D B0RRTE DAL EW D %< 2L D720, RITITHRIEU L 2R,
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K4 AGUEEORE LAY VR N = 2T VERE L OBE

n=80
o {E 75% =AME  FRIE 75% =AE pfBE
F#(n=38) EE5FEMN=42)
TCEP <LOQ 2.01 48.93 <LOQ 1.71 1041 0318
TBEP 5964 202.61 77645 52.41  165.03 1600.77  0.410
TEHP <LOQ 2.46 7.00 <LOQ 2.65 1487  0.330
Ki&(n=39) Ao ') —k(n=40)
TCEP <LOQ 1.96 48.93 <LOQ 1.71 1289 0311
TBEP 5957 201.10 776.45 4236 17240 1600.77  0.237
TEHP <LOQ 2.54 9.54 <LOQ 253 1487 0914
BFE10FELIT(n=42) BEI1FLIE(n=38)
TCEP <LOQ 117 10.87 1.07 2.96 4893 0.020
TBEP 149.33  222.03 1600.77 15.50 69.78  776.45 <0.001
TEHP <LOQ 2.55 7.00 <LOQ 248 1487 0911
WEHY(=17) LML (n=63)
TCEP 112 2.59 12.89 <LOQ 1.70 4893  0.144
TBEP 1396 133.18  776.45 59.57 186.75 1600.77  0.144
TEHP <LOQ 2.71 3.08 <LOQ 247 1487 0552
DIAS2 LA T (n=47) DIAY3 LA _E(n=33)
TCEP <LOQ 1.41 41.00 <LOQ 2.44 4893 0618
TBEP 4881 186.75 1600.77 5808 156.44 558.86  0.632
TEHP <LOQ 2.54 7.00 <LOQ 2.36 1487 0437
B[ EFEA(h=46) BREETFEAN=34)
TCEP <LOQ 1.31 10.87 1.07 2.96 4893 0.032
TBEP 4121  187.37 1600.77 59.64 15828  776.45  0.719
TEHP <LOQ 2.52 7.00 <LOQ 2.54 1487 0676
R/ \RILE—E—HY(n=34) BEE/\RILE—2—LI5}(n=46)
TCEP <LOQ 1.28 10.87 <LOQ 2.31 4893  0.077
TBEP 136.15 20872  776.45 29.75 13050 1600.77 0.016
TEHP <LOQ 2.43 7.00 <LOQ 2.58 1487  0.171
R#270—1)2%(n=68) R#70—1)25 LI (n=12)
TCEP <LOQ 1.41 48.93 1.69 2.96 877  0.147
TBEP 7376 186.83 1600.77 4.36 13.55 32.66 <0.001
TEHP <LOQ 2.56 14.87 <LOQ 2.20 549  0.584
BEHEPVC(n=70) BEIRPVCLASH(n=10)
TCEP <LOQ 1.99 48.93 <LOQ 0.63 1289  0.152
TBEP 5705 178.13 1600.77 7578 22203 58269  0.743
TEHP <LOQ 2.58 14.87 <LOQ 2.46 254 0447
BB 3[E LL T (n=40) RERE3[EE(n=40)
TCEP <LOQ 1.87 48.93 <LOQ 1.90 41.00 0511
TBEP 5964 177.12 1600.77 5241 186.28 65754  0.832
TEHP <LOQ 2.04 14.87 <LOQ 2.77 954  0.103

Mann—whitney ¥ E
W ug/ g dust
DS 509 A DI BRI B2 ED D20, RITITHRIEL EERT,
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