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In this study, we evaluated the levels of phthalates in domestically distributed children's products. We par-
ticularly focused on estimating the risk of oral exposure caused by sucking behavior in children. Analysis of
phthalate content in children’s products showed that one rattle, three roly-poly toys, nine bleeping toys, one
toy block, twenty dolls, three toys, and two mats exceeded domestic safety standards. On the other hand, there
were no products that exceeded the saliva bioaccessibility analysis results. As a result of the risk assessment,
it is predicted that the use of rattles has harmful effects compared to other children’s products. As a result of
comparing the age-related hazard index, it was also found that younger age was associated with older age of
children in all the product groups. These results are reflected in the characteristics of children participating in
studies conducted outside the country. Since various uncertainties may have affected the results, it is necessary
to study and test phthalate levels repeatedly.
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(DBP), benzyl butyl phthalate(BBP), bis (2-ethylhe-
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Table 1. Types of products

Products Country of manufacture
Category (abbreviation) Rorea China Fic Number of samples
Feeding bottle (HB) 4 3 5 12
Teether (HT) - 4 4 9
Breast milk pack (HP) 7 - 3 10
Household goods Baby bowl (HbB) 2 7 1 10
Baby cup (HC) 5 - 3 8
Matt (HM) 6 1 1 8
Rattle (TR) 5 6 1 15
Toddler toys Roly-poly (TP) 4 4 1 13
Bleeping toys (TT) 3 2 5 10
Plastic block(PB) 9 - 2 16
Play toys Plastic doll(PD) 6 14 7 47
Plastic toys(PT) 6 11 1 29
Total 12 products 133 187
& ol AHEE FEHAE ARAEFETI 2.3. A|=xhF

(Head-over-heels rotator, HR-100; NeoEnBiz, Korea)
£ olgeglon, A4FES fI3k A FE4X= MMV-
1000W(Eyela, Japan), 1l &= AM-E §%7]= N-
EVAP 112(Organomation, USAYS AM&3le] =31ith.
ANE W ZEolERS IF H Aol GC-MS
(Gas Chromatography-Mass Spectrometry, Agilent Te-
chnologies, USA)E o]-&-35}o] EA35T) oln] GC-MS
B z2AL Table 234 7t}

E Aol A AN EE RN R 1=

o NRAA 2 Beire Fusidr). e e 4

olsho g A ARSI e, HolaF 4o Z¢- A
BE /1% HEd BRS 93 & ok 5] WA §

°F 10 cm? Hol7l HESE vEo] ARSIt A3
ANEx B4 A7A] A8 1~2 mm oW FAE 7Fs
sk W FES delste] okt FHel mFe] gl 10
cm? Hol7t HEE A|HE vhEox] ARSIt} ek

Table 2. Analysis condition and molecular ions and retention time

Type Condition
Inlet 300°C, Splitless, 1 uL
e Column DB-5MS (30 m * 0.25 mm * 250 pm)
Oven 100°C (15°C/min) — 200°C (5°C/min) — 270°C (15 min hold)
Carrier gas He, 1 mL/min
Source temp. 250°C
Transfer line temp. 280°C
MSD Ionization voltage 70 eV

Mode SIM (Selected Ion Monitoring)
Compounds Retenthn time Quantitative 1on Confirmed 1on
(min) (m/z) (m/z)
Fluoranthene-d10 (Internal STD) 12.705 212 213
DEP (Diethyl phthalate) 7.724 149 177
DBP (Dibutyl phthalate) 11.301 149 223
BBP (Benzyl butyl phthalate) 16.422 149 206
DEHA (Di(2-ethylhexyl) adipate) 16.992 129 147
DEHP (Di(2-ethylhexyl) phthalate) 19.129 149 167
DNOP (Di-n-octyl phthalate 21.709 149 279
DINP (Diisononyl phthalate) 21-24 293 149
DIDP (Diisodecyl phthalate) 22-26 307 149
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Table 3. Exposure factor with selected values

Value
Abbreviati i Ref
Parameter reviation Unit 03 years 17 years 813 years eference
Body weight BW kg 10.5 20.5° 41.2* 31, 33
e 5 6
Age-specific ED min/d 42.94 0.97° 0.12 31, 33
exposure duration
. L 4 T .4
Chemical daily intake C ng/kg/min 0 be determined 29

via mouthing

Use of formula (1)-Each isomer was calculated. 2Body weight median for 0-3 years old children. *Body weight median
for 4-7 years old children. “Body weight median for 8-13 years old children. °0~3years old children participants of the
object-to-mouthing value. ®4~7years old children participants of the object-to-mouthing value. “8~13years old children
participants of the object-to-mouthing value.

Table 4. Total phthalates concentration in Matt (HM), Rattle (TR), Roly-poly (TP), Bleeping (TT), Plastic Block (PB),
Plastic Doll (PD) and Plastic Toys (PT) (mg/kg)

HM TR TP TT PB PD PT
Cmedian (CMin - CMax)
DEP n.d. n.d. n.d. n.d. n.d. n.d. n.d.
0.12k
DBP n.d. n.d. n.d. n.d. n.d. (0.d.-76K) n.d.
0.10k
BBP n.d. n.d. n.d. n.d. n.d. n.d. (0.d.-0.10Kk)
5.4k 0.22k 0.37k 53k
DEHA (n.d-5.4k) nd. M.d-0.22k)  (n.d-0.37k) n.d. n.d. (n.d.-53k)
DEHP 2.4k nd 3.0k 108k 0.30k 0.60k 0.11k
(n.d-4.8k) - (n.d.-3.0k) (n.d-196k) (n.d.-0.30k) (n.d.-44k) (n.d.-0.11k)
84k 19k 23k 15k 19k 20k
DNOP (n.d-145k) n.d. (n.d.-30k) (n.d-29k) (n.d.-30k) (n.d.-87k) (n.d.-41k)
DINP 36k 3.3k 64k 47k nd 9.4k 2.9k
(n.d-36k) (n.d.-3.3k) (n.d.-211k) (n.d.-278k) o (n.d.-229k) (n.d.-3.7k)
1.6k 0.91k
DIDP n.d. n.d. (1.d-1.6k) n.d. n.d. (n.d.-14k) n.d.

*k=thousand=1,000. **n.d.=not detected. ***Feeding Bottle, Teether, Breast milk Pack, Baby Bowl and Baby Cup not
all detected.

AsolEE-13H)0 2 Lhro] BRIQC w2AS
Az 2 HE2A 7R o]o|wZA|S =3 g0
Y WE, TEUAE o)g3jel AEson,
T ATFRER Pl BRe| niglow 343
2, HEWEL DIN RIVM® Z2 &8-S 53 2%
ki3

WS AHESITE (DBP: 100 ug/kg/day, DEP: 800 ug/
kg/day, BBP: 200 ug/kg/day, DEHA: 600 ug/kg/day,
DEHP: 20 ug/kg/day, DNOP: 370 ug/kg/day, DINP:

150 ug/kg/day, DIDP: 250 ug/kg/day).
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25 = DBPE Q130N U3k 0.12k@ A3 : nd-

o714, HI= $18l A4~(Hazard Index)°]2. RDE = 0.76k) mg/kg, BBP= ¢4 0.10k(n.d-0.10k) mg/
A F2 X (Reference Dose Values)olth RD 72 US kg2 7F =7 AEEHN oW, Y] ZE AFolA
EPA (2007/%¢] 22| TDI (Tolerable Daily Intake) = EAZHIch E8 DEPE ZARNY AEZ 250
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DEHP 3taFsie wwloloA 108k(n.d-196k) mg/kg
2 7P =4 AEHNeH oloja 2550] 3.0k(n.d-3.0k),
E 24kn.d-4.8k), <18 0.60k(n.d-44k), 2= 0.30k
(n.d-0.30k), &7 0.11k(n.d-0.11k) <=0 2 AZHom
Tefol, 2y, ophg 7], BAHIEY, 2R HE 4
Z531t}h. DNOP 3HFsws 77t mjEdA 84kn.d-
145k) mg/kg= 7FF =A HEFASH o]oja] wulo]
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Hoparg7|, RAHdY 02 3, defols EAEE
tl. DINP $tFsie 747 wwo]o| X 47k(n.d-278Kk)
mgkg= 7P A HEFASH oloja] 25o] 64k
(n.d-211k) mgkg, "IE 36kn.d-36k) mgkg, 13 94k
(n.d-229k) mg/kg, E#Ho| 3.3k(n.d-3.3k) mgkg 22|
2 2.9k(n.d-3.7k) mg/kg 22 AEFUOH Y,
opirg 7], BiudY, 1%, 5 BEHEEHIA
t}. o]lo] &3 ) DIDP dFs=t zhzt Q5o|olA
1.6k(n.d-1.6k) mgkg = 7P =4 A=A o]
A} 91E 091kn.d-14k) mgkg 02 AZHom 2
W, Xopkg 7], ERude, 02 3, vE, Gigo], W
wol B e BHEEC
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EE E7A F 220 AlE: PD-1~6, 8~11, 13, 15
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2 EU A37]%” (DBE BBE DEHP DNOP. DINP
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™, M. A. Natsheh et al?¥¢] <1720l wp=w EU A3
NENS 233 AFo] AN 2770 T 1970 AFo]
ZzHaIon, 233 AlF F =] DEHE DNOP
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oJHol &-F-S = PQlol| oet 85| L o|ER
HolgF A= Table 60l VERASIT w4147 AE-8
F T A 0=12), XoPES71n=8), ZFHHLZ (n=10),
frobe 22 (n=10), fok8 A@m=8) gt A3} BE
AFoNA Zeeo|ERVE AEEA F%oH, ool g
F RNAAF AREAIEE ol B3 IN@A A
A2016-199%, A3 DNOP: 9.90E ug/cm?/min,
DINP: 4.01E" ug/cm?min)S 9=513ith. Tegol&
F o)8AE Aol EAAE A DEHA= ¢
FoA 7.0E%2n.d-7.0E?) ugem’ming 7P =4 7
Z5%om oloix WE 2,0E%(n.d-2.0E%) ug/cm?min
2 AEFon o], 95| wulo] BEE QI
EAZ50t. DEHPE ®wolox] 1.9E%(n.d-6.2E°Y)
pg/em?/min2 7Hg EA HEEJoH oloj AF
34E%(n.d-1.2E Mug/em?/ming AEHJoH mjE, @
Fol, 250], 85, ¢ BHEF T DNOPE 2
Lololq 1.7E(n.d2.9E") ug/m?ming 7 &7
AZEHNCH olojr ¢ 97E%(n.d-9.7E®), A
9.3E®(n.d-9.6E") ug/lem’min, ®W#Wo] 3.6E2n.d-
6.7E%) ug/cm?*min, | E 3.6E%2(n.d-3.6E ®)ug/cm¥/
min, 223 22 16E%n.d-1.6E%®) uglem’min® 7
ZFon Biols EAEEII o] Al s &
E A7 ofglo] &3S DNOPY = 4] H=
Ol &7 SHER3NAAF ARGAISE Foll A3 4,
9.90E” ug/em*min)Ht} Gro} 7)) H-31519t). DINP
= e=olox 3.7E(nd-4.2E") ug/cm¥min® 7
= AZEPOH o|oja] wwlo] 1 7E(n.d-1.0E+Y)
ug/em?/min, 9138 1.6E%(nd-1.1E*") uglem®min,
go] 16End-1.6E") ug/em¥min, ¢+ 3.7E%(n.d-
3.7E%) ug/em¥min, 283 WE 2.6E%(n.d-2.6E%?)
pg/em?/min, =02 AEHAOH, BEME BEHEY
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Table 5. Samples of exceeded standard
Sample DEP DBP BBP DEHA DEHP DNOP DINP DIDP Total* (%)

TR-5 n.d. n.d. n.d. n.d. n.d. n.d. 0.33 n.d. 0.33
TP-4 n.d. n.d. n.d. n.d. n.d. 3.0 6.5 n.d. 94
TP-7 n.d. n.d. n.d. n.d. n.d. 1.9 4.3 n.d. 6.2
TP-8 n.d. n.d. n.d. 0.020 0.30 n.d. 21 0.16 22
TT-1 n.d. n.d. n.d. n.d. n.d. 2.2 44 n.d. 6.6
TT-2 n.d. n.d. n.d. n.d. n.d. 24 4.7 n.d. 7.1
TT-3 n.d. n.d. n.d. n.d. 0.050 n.d. 28 n.d. 28
TT-4 n.d. n.d. n.d. n.d. 0.010 n.d. 23 n.d. 23
TT-5 n.d. n.d. n.d. n.d. n.d. 29 6.0 n.d. 8.9
TT-7 n.d. n.d. n.d. 0.040 7.1 n.d. n.d. n.d. 7.1
TT-8 n.d. n.d. n.d. n.d. 20 n.d. 0.070 n.d. 20
TT-9 n.d. n.d. n.d. n.d. 15 n.d. 7.1 n.d. 22
TT-10 n.d. n.d. n.d. n.d. 14 n.d. 1.3 n.d. 15
PB-10 n.d. n.d. n.d. n.d. 0.03 3.0 n.d. n.d. 3.0
PD-1 n.d. n.d. n.d. n.d. 44 0.70 23 n.d. 28
PD-2 n.d. n.d. n.d. n.d. 0.17 n.d. 17 n.d. 17
PD-3 n.d. n.d. n.d. n.d. 0.53 0.27 5.5 n.d. 6.4
PD-4 n.d. n.d. n.d. n.d. n.d. 8.7 n.d. n.d. 8.7
PD-5 n.d. n.d. n.d. n.d. n.d. 2.3 2.5 0.060 4.8
PD-6 n.d. n.d. n.d. n.d. n.d. 3.3 n.d. n.d. 3.3
PD-8 n.d. n.d. n.d. n.d. n.d. 3.2 n.d. n.d. 3.2
PD-9 n.d. n.d. n.d. n.d. n.d. 2.0 n.d. n.d. 2.0
PD-10 n.d. n.d. n.d. n.d. 0.060 n.d. 0.48 0.020 0.56
PD-11 n.d. n.d. n.d. n.d. n.d. n.d. 21 1.4 22
PD-13 n.d. n.d. n.d. n.d. n.d. 3.6 n.d. n.d. 3.6
PD-15 n.d. n.d. n.d. n.d. n.d. 3.0 n.d. n.d. 3.0
PD-16 n.d. n.d. n.d. n.d. 0.040 n.d. 0.060 n.d. 0.10
PD-17 n.d. 0.010 n.d. n.d. 14 1.1 2.1 0.090 4.7
PD-18 n.d. 0.080 n.d. n.d. 1.3 1.2 0.93 0.12 3.6
PD-19 n.d. n.d. n.d. n.d. n.d. 25 n.d. n.d. 2.5
PD-20 n.d. n.d. n.d. n.d. 0.060 1.8 4.6 0.62 7.1
PD-21 n.d. n.d. n.d. n.d. n.d. 4.8 0.94 0.020 5.7
PD-22 n.d. n.d. n.d. n.d. n.d. 4.0 n.d. n.d. 4.0
PD-23 n.d. n.d. n.d. n.d. n.d. 5.3 n.d. n.d. 5.3
PD-24 n.d. n.d. n.d. n.d. n.d. 1.8 n.d. n.d. 1.8
PD-25 n.d. n.d. n.d. n.d. n.d. 2.4 n.d. n.d. 24
PT-8 n.d. n.d. n.d. n.d. n.d. 4.1 n.d. n.d. 4.1
PT-10 n.d. n.d. n.d. 5.3 n.d. n.d. n.d. n.d. 53
PT-26 n.d. n.d. n.d. n.d. n.d. n.d. 0.32 n.d. 0.32
HM-6 n.d. n.d. n.d. n.d. n.d. 2.3 3.6 n.d. 5.9
HM-7 n.d. n.d. n.d. n.d. 0.48 14 n.d. n.d. 15

*n.d = not detected. **Total (%) is the sum of DEP, BBE, DEHP, DNOP, DINP and DIDP.

9tk o Al elalw mE APy ojzlo] BEL ol Wulo], B, shpdE BASHU.

DINPe] ) 774 FEPEIR0|8E AR AL ZA A AEEE Hold At Avinw Gepo)
A3 S B3 74, 401E! pgemPmin)=} Yo} Ul DINP ©o] U] DNOP$} DINP ®®o] 1) DEHP
719 25550k, DIDPS 3ol A 30E®nd-  DNOP DINP <13 ) DNOPS} DINPAA 74 7
30E) ugem¥min? AZFNOR WE, Bgo], 0% AZHUT. oo} L ANE vloz T Bl AE



18 APV - BTV A AU - olAE e - A - AEE

Table 6. Saliva bioaccessible concentration in Matt (HM), Rattle (TR), Roly-poly (TP), Bleeping (TT), Plastic Block (PB),

Plastic Doll (PD) and Plastic Toys (PT) (ug/cm?min)

HM TR TP TT PB PD PT
Cmedian (CMin B CMax)
DEP n.d. n.d. n.d. n.d. n.d. n.d. n.d.
DBP nd nd 5.IE nd nd nd nd
. . (n.d.-5.9E'02) . . . .
BBP n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2.0E% 7.0E02
DEHA (0.d-2.0E%) n.d. n.d. n.d. n.d. n.d. (n.d.-7.0E%)
1.9E" 34E%
DEHP n.d. n.d. n.d. (1.d-6.2E) n.d. (n.d-1.2E n.d.
DNOP 3.6E% nd 1.7E0 3.6E% 1.6E 9.3E% 9.7E %
(n.d-3.6E%) - n.d-29E-01) d6.7E%) @0d-27E%) @0d-96E') (1n.d-9.7E%)
DINP 2.6E2 1.6E 3.7E0 1.7E% nd 1.6E 3.7E%2
n.d-2.6E%) (nd-1.6E% 0d-42E") (0.d-1.0E*%) - (n.d-1.1E*%  (n.d.-3.7E%)
3.0E%
DIDP n.d. n.d. n.d. n.d. n.d. (0.d-3.0E2) n.d.

*n.d = not detected. **Feeding Bottle, Teether, Breast milk Pack, Baby Bowl and Baby Cup not all detected.
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Table 7. Calculated hazard index values by age-gender

. Interquartile ADD HI
Chemicals Products Age-gender SD Mean (2575t CTE  RME CTE  RME
Infants 0.350 2.430 2.150-2.590 2413  3.040 0.024 0.030
DBP TP Preschoolers 0.004 0.030 0.020-0.030 0.028 0.040 <0.001 <0.001
School children <0.001  0.002 0.001-0.002 0.002 0.002 <0.001 <0.001
Infants 0.410 2.890 2.530-3.080 2.863 3.600 0.005 0.006
PT Preschoolers 0.005 0.030 0.030-0.040 0.033 0.042 <0.001 <0.001
DEHA School children <0.001  0.002 0.001-0.002 0.002 0.003 <0.001 <0.001
Infants 0.120 0.810 0.710-0.870 0.804 1.000 <0.001 0.002
HM Preschoolers 0.001 0.009 0.008-0.009 0.009 0.012 <0.001 <0.001
School children <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Infants 1.490 10.27 9.010-10.96 1091 29.00 0.546 1.450
TR Preschoolers 0.017 0.120 0.100-0.130 0.126 0332 0.006 0.017
School children  0.001 0.007 0.006-0.008 0.008 0.021 <0.001 <0.001
Infants 0.310 2.110 1.850-2.250 2.115 5.640 0.106 0.282
DEHP PD Preschoolers 0.003 0.024 0.020-0.030 0.024 0.065 <0.001 0.003
School children <0.001  0.001 0.001-0.002 0.002 0.004 <0.001 <0.001
Infants 0.004 0.030 0.020-0.030 0.046 0.101 0.002 0.005
HbB Preschoolers <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

School children <0.001 <0.001 <0.001 <0.001 <0.001

<0.001 <0.001
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Table 7. Calculated hazard index values by age-gender (Continued)
. Interquartile ADD HI

Chemicals Products Age-gender SD Mean (25%.75th) CTE RME CTE  RME
Infants 0.990 6.920 6.080-7.380 6.857 14.47 0.018 0.039

TP Preschoolers 0.010 0.080 0.070-0.090 0.079 0.172 <0.001 <0.001

School children <0.001  0.005 0.004-0.005 0.005 0.009 <0.001 <0.001

Infants 0.210 1.800 1.600-2.010 1.827 3273 0.005 0.009

TR Preschoolers 0.002 0.017 0.010-0.020 0.021 0.038 <0.001 <0.001

School children  <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001

Infants 0.090 0.660 0.580-0.700 0.647 0.820 0.002 0.002

PB Preschoolers 0.001 0.007 0.007-0.008 0.007 0.009 <0.001 <0.001

DNOP School children  <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Infants 1.040 7.750 6.340-8.560 7.840 2830 0.021 0.076

PD Preschoolers 0.012 0.080 0.070-0.090 0.091 0.325 <0.001 <0.001

School children <0.001  0.006 0.004-0.005 0.006 0.021 <0.001 <0.001

Infants 0.580 4.020 3.530-4.300 3.980 5.000 0.011 0.014

PT Preschoolers 0.007 0.050 0.040-0.050 0.046 0.058 <0.001 <0.001

School children  <0.001  0.003 0.002-0.003 0.003 0.004 <0.001 <0.001

Infants 0.210 0.149 1.310-1.590 1472 1900 0.004 0.005

HM Preschoolers 0.002 0.017 0.010-0.020 0.017 0.022 <0.001 <0.001

School children  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Infants 0.990 6.820 5.990-7.270 6.748 8.600 0.045 0.057

TT Preschoolers 0.011 0.079 0.069-0.083 0.078 0.099 <0.001 <0.001

School children  <0.001  0.0049 0.004-0.005 0.005 0.006 <0.001 <0.001

Infants 1.750 12.11 10.62-12.92 12.06 2152 0.080 0.143

TP Preschoolers 0.020 0.140 0.120-0.150 0.139 0.247 <0.001 <0.001

School children  0.001 0.009 0.008-0.009 0.009 0.019 <0.001 <0.001

Infants 1.930 13.24 11.60-14.12 13.25 42.86 0.088 0.286

DINP TR Preschoolers 0.022 0.150 0.130-0.160 0.153  0.495 <0.001 0.0033
School children  0.001 0.009 0.008-0.010 0.010 0.030 <0.001 <0.001

Infants 2.190 15.17 13.33-16.14 1520 64.00 0.101 0.427

PD Preschoolers 0.020 0.170 0.150-0.190 0.176  0.735 0.001 0.005

School children  0.001 0.010 0.009-0.011 0.011 0.054 <0.001 <0.001

Infants 0.150 1.070 0.940-1.140 1.056 1.300 0.007 0.009

HM Preschoolers 0.002 0.010 0.010-0.012 0.012 0.015 <0.001 <0.001

School children  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Infants 0.14 0.990 0.870-1.060 0.981 1.200 0.004 0.005

DIDP TR Preschoolers 0.002 0.010 0.011-0.012 0.011 0.014 <0.001 <0.001
School children  <0.001  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

*Bold values indicate concentration exceeding HI.
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