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This study analyzed 1,640 indoor floor dust samples collected between 2015 and 2019 as part of the “Children's
Environmental Health Birth Cohort” project. The aim was to assess phthalate and alternative plasticizer con-
tamination, their temporal trends, and the exposure implications for children. Gas chromatography/mass spec-
trometry (GC/MS) was used to ensure accurate quantification of the phthalates and plasticizers and the established
analytical method successfully met all validation criteria for linearity, accuracy, and precision. Di(2-ethylhexyl)
phthalate (DEHP), diisononyl phthalate (DINP), and dioctyl terephthalate (DOTP) were detected in 100% of sam-
ples at high average concentrations of 1670.3 mg/kg, 525.7 mg/kg, and 1462.6 mg/kg, respectively. Other alter-
native plasticizers (di(2-ethylhexyl) adipate, acetyl tributyl citrate, tris(2-ethylhexyl) phthalate, and diisononyl 1,2-
cyclohexanedicarboxylic acid) were found at lower detection rates and concentrations. An analysis of the floor
dust revealed that DEHP and DINP concentrations began to decline from 2015 onwards and this decline was con-
current with a progressive increase in DOTP levels. Monitoring phthalates and alternative plasticizers in indoor
floor dust is essential when assessing child exposure risks. While alternative plasticizers were generally present
at lower concentrations in dust compared to traditional phthalates, their increasing use and detection in indoor
environments warrant ongoing surveillance and evaluation of their health impacts.
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Table 1. Phthalates and alternative plasticizers monitored in this study

No. Group Compounds CAS No.
1 Dimethyl phthalate (DMP) 131-11-3
2 Diethyl phthalate (DEP) 84-66-2
3 Dibutyl phthalate (DBP) 84-74-2
4 Di-iso-butyl phthalate (DIBP) 84-69-5
5 Di-n-pentyl phthalate (DNPP) 131-18-0
6 Butyl benzyl phthalate (BBP) 85-68-7
7 Phthalates Dicyclohexyl phthalate (DCHP) 84-61-7
8 Di-n-hexyl phthalate (DNHP) 84-75-3
9 Di(2-ethylhexyl) phthalate (DEHP) 117-81-7
10 Di-n-octyl phthalate (DNOP) 117-84-0
11 Diisononyl phthalate (DINP) 28553-12-0
12 Diisodecyl phthalate (DIDP) 26761-40-0
13 Di(2-propylheptyl) phthalate (DPHP) 53306-54-0
14 Di(2-ethylhexyl) adipate (DEHA) 103-23-1
15 Di(2-ethylhexyl) terephthalate (DOTP) 6422-86-2
16 Alternative plasticizers Acetyl tributyl citrate (ATBC) 77-90-7
17 Diisononyl 1,2-cyclohexanedicarboxylic acid (DINCH) 166412-78-8
18 Tris(2-ethylhexyl) phthalate (TOTM) 89-04-3
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Weigh 50 mg of sieved dust (< 500 um) into a glass centrifuge tube
!
Add 2.0 mL of extraction solvent (hexane:DCM, 1:1, v/v)
containing surrogate standards (DBP-d+ and DEHP-d-)

|

| Vortex mix for 30 s, then perform ultrasonic extraction for 30 min

i

I Centrifuge at 4,000 rpm for 5 min |

!

Transfer 1.0 mL of the supernatant and spike
with internal standards (BB-d12)

!

| Analyze the final extract by GC/MS |

Fig. 1. Analytical procedure for phthalates and alternative
compounds in indoor settled dust
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Table 2. Phthalate and alternative plasticizer retention times and selected ions for GC/MS

Compounds

Retention time (min) Selective ion (Q1, m/z) Selective ion (Q2, m/z)

Dimethyl phthalate (DMP)
Diethyl phthalate (DEP)
Dibutyl phthalate (DBP)

Di-iso-butyl phthalate (DIBP)
Di-n-pentyl phthalate (DNPP)
Butyl benzyl phthalate (BBP)
Dicyclohexyl phthalate (DCHP)
Di-n-hexyl phthalate (DNHP)
Di(2-ethylhexyl) adipate (DEHA)
Di(2-ethylhexyl) phthalate (DEHP)
Di-n-octyl phthalate (DNOP)
Di(2-ethylhexyl) terephthalate (DOTP)
Acetyl tributyl citrate (ATBC)
Diisononyl phthalate (DINP)
Diisononyl 1,2-cyclohexanedicarboxylic acid (DINCH)
Diisodecyl phthalate (DIDP)
Di(2-propylheptyl) phthalate (DPHP)
Tris(2-ethylhexyl) phthalate (TOTM)
Benzylbenzoate-d,, (BB-d,,)
Dibutyl phthalate-d, (DBP-d,)
Di(2-ethylhexyl) phthalate-d, (DEHP-d,)

797 163 77, 92
8.97 149 177, 223
11.46 149 223, 205
10.73 149 223, 205
12.61 149 237, 219
14.31 149 91, 206
1522 149 167, 249
13.68 149 251, 223
13.40 129 112, 147
14.55 149 167, 279
15.64 149 279

15.39 261 149, 293
12.94 185 129, 259
15.68 293 127

15.69 155 281, 252
16.39 307 141

15.83 149 167

20.32 305 193

10.43 224 110

11.46 153 227, 209
14.55 153 171, 283
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Table 3. Validation results for phthalates and alternative plasticizers

. . .. Method Limit of
Compounds (Ran/ie Ll?;;;;lty fRetSpOI(lOS/C (RAccuracy(y (;r;:lc)mijl) Detection Limit Quantitation
mg/L) actor (%) ecovery, %) , Y% (me/ke) (mg/ke)
DMP 0.01~0.5 0.9993 4.8 98.8 5.7 0.09 0.28
DEP 0.01~0.5 0.9991 8.0 96.0 5.6 0.13 0.41
DBP 0.01~0.5 0.9984 16.2 96.1 4.7 0.15 0.49
DIBP 0.01~0.5 0.9995 14.0 96.5 32 0.10 0.32
DNPP 0.01~0.5 0.9992 8.1 96.0 5.2 0.13 0.41
BBP 0.01~0.5 0.9993 5.5 100.7 6.0 0.11 0.35
DCHP 0.01~0.5 0.9996 5.9 105.3 39 0.09 0.30
DNHP 0.01~0.5 0.9995 5.9 97.1 42 0.14 0.43
DEHA 0.01~0.5 0.9999 2.6 98.3 42 0.12 0.36
DEHP 0.01~0.5 0.9993 17.0 91.0 2.9 0.19 0.61
DNOP 0.01~0.5 0.9999 2.8 99.3 5.3 0.14 0.43
DOTP 0.01~0.5 0.9997 6.3 98.6 49 0.11 0.35
ATBC 0.01~0.5 0.9996 4.8 98.5 5.2 0.06 0.20
DINP 0.05~2.0 0.9997 6.2 93.4 34 0.29 0.91
DINCH 0.05~2.0 0.9990 11.3 93.5 4.7 0.37 1.17
DIDP 0.05~2.0 0.9996 9.8 96.5 2.9 0.29 0.92
DPHP 0.01~0.5 0.9995 5.5 101.1 5.9 0.14 0.43
TOTM 0.01~0.5 0.9995 12.9 100.4 34 0.11 0.34
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Table 4. Phthalate and alternative plasticizer contents in house dust
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2018 aYE XY Al w=H, =) 7P
W ulgsx] (n=36) W ZEHO|ER 1652 B4
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2 Yepton, 53] DEHP ¥ DINPY| F&+
1394 mg/kg, 540 mg/kgC 2 =7 = T B AF
Ao} fARE 218 BRISIHTE?) TS 2020 43)E
W 7F8Fgle] A viEiAlE AFH (n=110) 8t =
G 0| ER 8FS 4% thE A9 AelA = DEHP
o] AZFEL 100%= RIS, o] W DEHP 3+
FEE 1870.52 mg/kgoATEY 710 £ ApoME O
A 7FAF] DOTP & 451K ¢o} vlmd 4= I3d
O B Ao} m 2 Ay viEA] O] DEHP
AZELS 100%0)3L F5E 1000 mg/kg oPFoz Bajy]
At

20119 i =¢] Zeo|ER BUER AT A3}
o)X= DEHP, DBP, DIBP HZ&E°] 100%= UERES
H, 7 (n=75)¢ AW v=¥A 5 DEHP 5%+
9.4 mg/kg~8400 mg/kg, Tl=F (n=33)2 37.2 mgkg~9650
mg/kgl & TSt T F50 7 BAES Solslgr) Y

ZEo]EFE SVOCs & AUz719 FR|ol &
7] 7ol Rt e BEelM AEE 5 ok 53] &
Apgo] T7VTE YA o R F719to] 7+ DEHP
L} DINP &} o] Z71f0] vk Al Tgeo|Ex, A

(Total, n=1,640)

Compounds Detection Rate (%) Average (mg/kg) S.D* (mg/kg) Min** (mg/kg)  Max*** (mg/kg)
DMP 33 11.6 31.1 0.5 185.3
DEP 16.5 42 0.1 0.4 98.8
DBP 99.7 19.8 39.9 0.9 649.7
DIBP 99.3 7.9 13.1 0.5 194.1
DNPP - N.D - - -
BBP 63.6 19.1 435 0.7 508.2
DCHP 0.1 29.6 18.5 16.5 42.7
DNHP 0.1 32 - - 32
DEHA 62.4 16.1 29.8 0.8 421.0
DEHP 100 1670.3 1783.8 395 15415.0
DNOP 0.6 18.8 18.0 5.5 65.2
DOTP 100 1462.6 2028.5 15.4 44277.7
ATBC 85.5 36.1 146.4 0.4 3687.4
DINP 100 525.7 1531.6 4.6 25979.5
DINCH 11.7 136.9 934.7 49 12866.7
DIDP 56.6 30.6 74.5 1.4 1531.1
DPHP 55.0 83.6 201.1 0.8 4417.7
TOTM 2.7 29 7.9 0.4 513

*S.D:standard deviation / **Min:minimum detected value / ***Max:maximum detected value
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Fig. 2. Changes in the phthalates contents in house dust
between 2016 and 2018.
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