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Survey of Indoor Air Chemicals (Phthalate esters and Organophosphate esters): July 2000-March 2001
Ikue SAITO", Aya ONUKI", Hiroshi SETO", Shin-ichi UEHARA" and Takahito SUZUKI"

The concentrations of 35 semi-volatile organic compounds were measured in indoor and outdoor air. The samples
were collected from 43 houses, 27 buildings and 34 outdoor points in Tokyo during the summer and winter seasons between
July 2000 and March 2001.

The compounds detected in indoor air were 10 plasticizers, 10 organophosphate flame-retardants, 4 organophosphorus
pesticides and permethrin. The plasticizers predominantly detected in indoor air were di-n-butyl phthalate and
di-2-ethylhexyl phthalate which reached levels as high as 7.2 pg/m® and 2.4 pg/m®, respectively. The organophosphate
flame-retardant detected with the highest concentration was tris(2-chloroisopropyl)phosphate ( 14.0 pg/m® ). The 4
organophosphorus pesticides detected in indoor air were dichlorvos, diazinon, chlorpyrifos and fenitrothion. Fenitrothion
was detected with the highest concentration of 1.5 pg/m’. Almost all compounds detected in indoor air were higher in
summer than in winter and higher in offices than in houses with the median concentrations. The levels of di-n-butyl

phthalate, di-2-ethylhexyl phthalate, chlorpyrifos and diazinon in every structure studied did not exceed the guidelines set by

the Ministry of Health, Labour and Welfare of Japan.
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Table 1. Detection frequency of airborne phthalate and adipate esters

Compounds ~ Season House Office Outdoor
(ns*=22, nw**=21) .~ (ns=13, nw=14) (ns=17, nw=17)
number*** % (%) number % (%) number %

DMP Summer 22 100 13 100 17 100
Winter 21 100 (100) 14 100 (100) 17 100
DEP Summer 22 100 13 100 17 100
Winter 21 100 (100) 14 100 (100) 17 100
DiBP Summer 22 100 13 100 7 41.1
Winter 17 80.9 (90.7) 13 92.9 (96.3) 1 59
DnBP  Summer 22 100 13 100 17 100
Winter 21 100 (100) 14 100 (100) 5 29.4
BBP Summer 21 95.4 10 76.9 14 82.3
Winter 9 429 (69.8) 13 92.9 (85.2) 11 64.7
DHP Summer 5 22.7 2 15.4 0 0
Winter 1 4.8 (14.0) 2 143 (14.8) 0 0
DCHP  Summer 19 86.3 9 69.2 0 0
Winter 3 143 (51.2) 3 21.4 (44.4) 0 0
DEHP  Summer 22 100 13 100 17 100
Winter 21 100 (100) 14 100 (100) 17 100
DBA Summer 6 27.2 11 84.6 5 29.4
Winter 15 71.4 (48.8) 14 100 (92.6) 6 353
DEHA  Summer 22 100 13 100 16 94.1
Winter 20 95.2 (97.7) 14 100 (100) 12 70.6

* ns: The number of structures in which concentrations were measured during summer season.
** nw: The number of structures in which concentrations were measured during winter season.
***The number of detection was defined as the number of structures in which the compounds were

detected in more than one room.

****The detection frequency of two seasons average.

DMP:Dimethyl phthalate, DEP:Diethyl phthalate, DiBP:Di-i-butyl phthalate, DnBP:Di-n-butyl
phthalate, BBP:Benzyl butyl phthalate, DHP:Dihexyl phthalate, DCHP:Dicyclohexyl phthalate,
DEHP:Di-2-ethylhexyl phthalate, DBA:Dibutyl adipate, DEHA:Di-2-ethylhexyl adipate.
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Table 2. Concentrations of airborne phthalate and adipate esters

unit:ng/m3
Compounds  Season House Office Outdoor
(ns*= 44, nw**=42) . (ns= 26, nw=28) (ns= 17, nw=17)
Min. ~ Max. Med. (Med.) Min. ~ Max. Med. (Med.) Min. ~ Max. Med. (Med.)
DMP Summer 43~6,070 48.5 23.6 ~2,640 133 3.0~22.1 10.3
Winter 3.7 159 253 (36.7) 4.4~1,600 67.1 (83.1) 1.5~16.7 32 (7.4
DEP Summer  19.4~241 84.4 11.2~334 118 33~19.5 7.2
Winter 9.8~ 145 36.1 (54.6) 3.3 ~396 120 (120) 2.0~42.7 50 (6.1)
DiBP Summer 7.7~618 26.3 <0.50 ~94.6 33.1 <0.50~41.4  <0.50
Winter  <0.50 ~ 104 13.8  (20.1) <0.50~287 294 (31.0) <0.50~1.7 <0.50 (<0.50)
DnBP Summer  78.4~7,220 883 282~4,7700 744 46.9 ~ 194 79.8
Winter  77.9 ~ 939 213 (439) 110~4,110 536 (656) <30.0~40.2 <30.0 (43.6)
BBP Summer <1.0~24.3 2.6 <1.0~38.6 3.0 <1.0~26.4 2.2
Winter <1.0~36.1 <1.0 (1.9 <1.0~9.5 2.6 (2.6) <1.0~3.3 1.3 (1.5
DHP Summer <0.50 ~3.7 <0.50 <0.50~1.4 <0.50 <0.50 ~<0.50 <0.50
Winter  <0.50 ~ 1.7 <0.50 (<0.50) <0.50~3.4 <0.50 (<0.50) <0.50~<0.50 <0.50 (<0.50)
DCHP Summer <0.50~3.7 0.93 <0.50~2.2 0.77 <0.50 ~<0.50 <0.50
Winter  <0.50 ~0.75 <0.50 (<0.50) <0.50~0.83 <0.50 (<0.50) <0.50 ~<0.50 <0.50 (<0.50)
DEHP Summer  75.5~2,370 495 10.8 ~ 829 401 31.8 ~547 68.0
Winter 14.9 ~592 158 (292) 32.6~1,280 257 (283) 153~112 33.9 (64.0)
DBA Summer  <1.0 ~926 <1.0 <1.0~550 1.4 <1.0~12.7 <1.0
Winter  <1.0 ~ 795 2.4 (<0.50) <1.0~352 04 (54 <1.0~36 <1.0 (<0.50)
DEHA Summer 3.4~217 17.1 1.3~98.7 13.6 <1.0~10.4 4.7
Winter  <1.0~31.3 52 (09D 1.2~266 10.1 (12.6) <1.0~8.8 1.5 (3.5

The compounds not detected in this survey were di-i -propyl phthalate, diallyl phthalate, di-n -propyl phthalate and

di-n -pentyl phthalate.

* ns: The number of points in which concentrations were measured during summer season.

** nw: The number of points in which concentrations were measured during winter season.

*** The median of two seasons.
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Table 3. Detection frequency of airborne organophosphate flame-retardants

Compounds  Season House Office Outdoor
(ns*= 22, nw**=21) I (ns=13, nw=14) (ns=17, nw=17)
number*** % (%) number % (%) number % (%)
TMP Summer 9 40.9 5 38.5 1 5.9
Winter 3 14.3  (27.9) 4 28.6  (33.3) 0 0 (2.9)
TEP Summer 22 100 13 100 15 8.8
Winter 20 95.2 (97.7) 14 100 (100) 4 23.5 (55.9)
TPP Summer 1 4.5 4 30.8 0 0
Winter 0 0 (23 1 7.1 (18.5) 0 0 0)
TBP Summer 22 100 13 100 14 82.3
Winter 21 100 (100) 14 100  (100) 4 23.5 (52.9)
TCIPP Summer 22 100 13 100 17 100
Winter 16 76.2 (88.4) 14 100 (100) 5 29.4  (64.7)
TCEP Summer 22 100 13 100 13 76.5
Winter 17 81.0 (90.7) 14 100 (100) 0 0 (38.2)
TBEP Summer 17 77.3 12 923 1 5.9
Winter 17 81.0 (79.1) 14 100 (96.3) 3 17.6  (11.8)
TDCPP  Summer 1 4.5 3 23.1 0 0
Winter 1 4.8 (4.7) 10 71.4  (48.1) 0 0 0)
TPHP Summer 12 54.5 11 84.6 1 5.9
Winter 7 33.3 (44.2) 11 78.6 (81.5) 1 59 (5.9
TCP Summer 1 4.5 1 7.7 0 0
Winter 0 0o (23 0 0 3.7 0 0 0)

* ns: The number of structures in which concentrations were measured during summer season.

** nw: The number of structures in which concentrations were measured during winter season.

***The number of detection was defined as the number of structures in which the compounds were

detected in more than one room.

**#*The detection frequency of two seasons average.
TMP:Trimethylphosphate, TEP:Triethylphosphate, TPP:Tripropylphosphate, TBP:Tributylphophate,
TCIPP, Tris(2-chloro- isopropyl)phosphate, TCEP:Tris(2-chloroethyl)phosphate, TBEP:Tris(butoxyethyl)phosphate,
TDCPP:Tris(1,3-dichloro-2-propyl)phosphate, TPHP:Triphenylphosphate, TCP:Tricrecylphosphate.

Table 4. Concentrations of airborne organophosphate flame-retardants

unit: ng/m
Compounds ~ Season House Office Outdoor

(ns*= 44, nw**=42) . (ns= 26, nw=28) (ns= 17, nw=17)
Min. ~ Max. Med. (Med.) Min. ~ Max. Med. (Med.) Min. ~ Max. Med. (Med.)

TMP Summer  <1.0~5.8 <1.0 <1.0~2.0 <1.0 <1.0~1.2 <1.0
Winter <1.0~18 <1.0 (<1.0) <1.0~99.7 <1.0 (<1.0) <1.0~<10 <1.0 (<1.0)

TEP Summer 1.1~212 6.5 1.9~57.8 7.4 <0.50 ~6.2 0.82
Winter  <0.50 ~92.4 23 (6.0) <0.50~41.6 3.1 (6.0) <0.50~1.9 <0.50 (0.57)

TPP Summer <0.50~0.57  <0.50 <0.50~15.3  <0.50 <0.50~<0.50 <0.50
Winter <0.50 ~<0.50 <0.50 (<0.50) <0.50~2.7 <0.50 (<0.50) <0.50~<0.50 <0.50 (<0.50)

TBP Summer  2.0~396 12.0 21~77.1 151 <0.50~2.2 0.89
Winter 0.78 ~52.9 50 (7.1) <0.50~65.9 82 (11.7) <0.50~0.74  <0.50 (0.53)

TCIPP  Summer 1.5~14,200 6.6 1.8 ~ 124 19.3 1.9~26.9 3.2
Winter <l.0~1,740 20 (43) <1.0~171 11.3 (149) <1.0~121 <1.0  (2.0)

TCEP  Summer 1.6 ~372 9.4 1.4 ~553 9.7 <1.0~3.0 2.4
Winter <1.0~ 199 24 (48)  <1.0~104 45 (6.4 <1.0~<1.0 <10 (<1.0)

TBEP  Summer <1.0~66.5 3.6 <1.0~218 5.9 <1.0~1.8 <1.0
Winter <1.0~252 <10 (27) <1.0~~169 21 (3.0) <1.0~17 <1.0  (<1.0)

TDCPP  Summer  <1.0~100 <1.0 <1.0~8.6 <1.0 <1.0~<1.0  <I.0
Winter <1.0~1.5 <1.0 (<1.0) <1.0~212 59 (<1.0) <1.0~<I.0 <1.0 (<1.0)

TPHP  Summer <1.0~151  <I1.0 <1.0~13.5 1.9 <1.0~1.4 <1.0
Winter <1.0~54 <L.0 (<1.0) <1.0~5.0 13 (1.6) <1.0~29 <1.0 (<1.0)

TCP Summer  <4.0~9.2 <4.0 <4.0~5.0 <4.0 <4.0~<4.0 <40
Winter ~ <4.0~<4.0 <40 (<40) <40~<40 <40 (<4.0) <40~<40 <40 (<4.0)

The compound not detected in this survey was tris(2-ethylhexyl)phosphate.
* ns: The number of points in which concentrations were measured during summer season.
** nw: The number of points in which concentrations were measured during winter season.

*** The median of two seasons.
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Table 5. Detection frequency of airborne organophosphorus pesticides

Compounds Season House Office Outdoor
(ns*=22, nw**=21) . .. (ns=13, nw=14) (ns=17, nw=17)
number*** % (%) number % (%) number % (%)
Dichlorvos Summer 22 100 13 100 17 100
Winter 6 28.6  (65.1) 14 100 (100) 14 82.4 (91.2)
Diazinon Summer 1 4.5 2 15.4 1 5.9
Winter 0 0 (23 2 14.3  (14.8) 0 0 2.9
Chlorpyrifos Summer 1 4.5 0 0 0 0
Winter 2 9.5 (7.0) 0 0 0) 0 0 0)
Fenitrothion Summer 12 54.5 7 53.8 10 58.8
Winter 4 19.0 (37.2) 7 50.0 (51.9) 0 0 (29.4)
* ns: The number of structures in which concentrations were measured during summer season.
** nw: The number of structures in which concentrations were measured during winter season.
***The number of detection was defined as the number of structures in which the compounds were
detected in more than one room.
****The detection frequency of two seasons average.
Table 6. Concentrations of airborne organophosphorus pesticides
unit:ng/m3
Compounds Season House Office Outdoor
(ns*= 44, nw**=42) I (ns= 26, nw=28) (ns= 17, nw=17)
Min. ~ Max. Med. (Med.) Min. ~ Max. Med. (Med.) Min. ~ Max. Med. (Med.)
Dichlorvos Summer  0.76 ~18.1 3.7 1.0 ~16.6 5.8 0.96 ~9.8 6.3
Winter  <0.50~14.8  <0.50 (1.3) <0.50~130 1.8 (4.0) <0.50~14.2 1.3 3.1
Diazinon Summer <1.0~3.3 <1.0 <1.0~52.3 <1.0 <1.0~1.8 <1.0
Winter <1.0~<I1.0 <1.0 (<1.0) <1.0~4.9 <1.0 (<1.0) <1.0~<1.0 <1.0 (<1.0)
Chlorpyrifos Summer <1.0~5.3 <1.0 <1.0~<1.0 <1.0 <1.0~<1.0 <1.0
Winter <1.0~9.3 <l.0 (<1.0) <1.0~<1.0 <1.0 (<LO) <1.0~<1.0 <1.0 (<LO)
Fenitrothion Summer <1.0~51.3 <1.0 <1.0~99.7 <1.0 <1.0~6.0 1.3
Winter <1.0~14 <1.0 (<1.0) <1.0~1480 <1.0 (<1.0) <1.0~<1.0 <1.0 (<L.0)

The compounds not detected in this survey were dichlofenthion, chlorpyrifos-methyl, methyl parathion,
malathion and pyridaphenthion.
* ns: The number of points in which concentrations were measured during summer season.
** nw: The number of points in which concentrations were measured during winter season.
*** The median of two seasons.
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Table 7. Detection frequency of airborne permethrin

Compounds Season House Office Outdoor
(n*=21) (n=14) (n=17)
number** (%) number (%) number (%)
Permethrin Winter 2 9.5 4 (28.6) 0 (0)

* n: The number of structures in which concentrations were measured during winter season.
**The number of detection was defined as the number of structures in which the compounds were

detected in more than one room.

Table 8. Concentrations of airborne permethrin unit:ng/m3
Compounds Season House Office Outdoor
(n*=42) (n=28) (n=17)

Min. ~ Max. Med. Min. ~ Max. Med. Min. ~ Max. Med.

Permethrin Winter  <0.50 ~ 6.4 <0.50  <0.50 ~ 37.9 <0.50 <0.50 ~ <0.50 <0.50

* n: The number of points in which concentrations were measured during winter season.
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