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Risk Assessment for Non-Cancer Effects of
Volatile Organic Compounds in Children’s Products
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ABSTRACT

Background: This study was conducted to assess health risks in regard to exposure by children to volatile
organic compounds (VOCs) in children's products.

Methods: Ten VOCs were measured by head-space gas chromatography in children's products, including toys,
oil pastels, sign pens, furniture, ball pools, and playmats. We estimated the average daily dose (ADD) via
inhalation during the use of these children's products and calculated hazard quotient (HQ) by dividing ADD by
reference dose of VOCs.

Results: Among the measured VOCs, five compounds were identified in children's products: benzene,
ethylbenzene, styrene, toluene, and xylene. The detection rates of VOCs in toys, ball pools, furniture, playmats,
sign pens, and oil pastels were 85%, 100%, 100%, 30%, 100%, and 60%, respectively. The maximum levels of
VOCs were 0.18 mg benzene/kg in toys, 5.92 mg toluene/kg in playmats, 10.37 mg ethylbenzene/kg in ball
pools, 24.85 mg xylene/kg in toys, and 118.29 mg styrene/kg in ball pools. From exposure levels of VOCs in
the children’s products HQs were calculated within a range of 5.71x10™ to 4.77x10™. The HQ of xylene was
the highest for children aged 0-6 playing on the playmats. However, the HQ via inhalation exposure to VOCs
in individual products did not exceed 1.00.

Conclusion: Based on the results, it was concluded that the use of these children’s products do not pose health
risks to children.
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Table 1. Categorization of children’s products and number of samples analyzed

No. of products No. of products containing VOCs
Product category Products (No. of sample) (Detection rate, %)
Toy 20 (131) 17 (85)
Toys
Ball pool 5 (58) 5 (100)
. Chair and desk 5(19) 5 (100)
Furniture
Play mat 10 (44) 3 (30)
. Sign pen 5 (60) 5 (100)
Stationary )
Oil pastel 5 (96) 3 (60)
Total 50 (408) 38 (76)
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Table 2. Toxicity reference values for chemicals tested
Chemicals Endpoint RfC'™® (mg/m®) Derived RfD (mg/kg/day)
Benzene Decreased lymphocyte count 3.00x107 4.00x107
Ethylbenzene Liver and kidney toxicity 1.00 2.86x10™!
Styrene Red blood cell and liver effects 1.00 2.86x10™
Toluene Increased kidney weight 5.00 1.43
Xylene Decreased body weight, increased mortality 1.00x10™! 2.86x10?
Note. Abbreviation: RfC=Reference concentration via inhalation exposure; RfD=Reference dose
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in the product

Vieom: RoOOmM volume m’

ADD: average daily doses mg/kg-day

IH,: inhalation rate m*/h

t: daily time use of children’s h/day
products

BW:  body weight kg
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Table 3. Exposure factors for estimation of VOCs exposure by use of children’s products

Age (years)

Exposure factors Symbol Source

0-6 7-12

Body weight (kg) BW 16.0 34.8 This study
Toy 12 1.0
Ball pool 0.7 1.1

Daily time use of oy ir ang desk 16 1.9 ,

children’s products ) t This study
(h/day) Play mat 2.8 1.0
Sign pen 0.9 0.7
Oil pastel 1.2 0.9

Room volume (m’) Viom 53.9 46.2 This study

Inhalation rate (m*/day) IH,; 8.7 12.5 13

Values in the table represent mean (standard deviation) of exposure factors except for volume of breathing zone and inhalation

rate.
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Fig. 1. Box plot indicating the levels of (a) benzene, (b) ethylbenzene, (c) styrene, (d) toluene, and (e) xylene that were
contained in children’s products. The lines inside the box represent the median, the bold lines are the mean, the
bottom and top of the box are the first and third quartiles of the distribution, and the lines extending laterally from
the boxes indicate the variability outside the upper and lower quartiles.
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Table 4. Results of exposure assessment and characterization of non-cancer risk on the chemicals in children’s products

. Age ADD (mg/kg-day) Hazard quotient
Chemicals Products
(years) CTE RME CTE RME
06 6.65x10° ; 1.66x10° ;
Benzene Toy
7-12 3.94x10° ; 9.85%10” ;
B 06 221x107 7.00x107 771107 245%10°
o 7-12 1.31%107 4.14%107 457%107 1.45%10°
0-6 276X 1070 ; 9.65% 1070 ;
Oil pastel 712 1.63x10™ 5.71%10
- 03X - JIX -
_ 0-6 1.01x10° 2.16x10° 3.53%10° 7.56%10°
Sign pen 10 9 9 -9
7-12 5.56x 10 1.19%10 1.94% 10 417%10
Ethylbenzene 0-6 3.02x10* ; 1.06x107 ;
Chair & Desk
7-12 2.56x10* ; 8.94x10° ;
0-6 1.27%10° 425%10° 445%10° 1.49%10°
Ball pool <
7-12 1.28%10° 4.46%10° 449%10° 1.56x10°
0-6 251%10° ; 8.79x10° ;
Play mat
712 638x107 ; 223%10% ;
B 06 3.70%10° 9.57x10° 129107 335%10°
o 7-12 2.19%10% 5.66x10° 7.66x10% 1.9810°
. 0-6 9295 10* 2.33%107 325%107 8.16x 107
80 pen 712 7.84x10° 197x107 2.74%107 6.88% 10"
Styrene - 6 5 -5
. 0-6 9.96x 10 3.64x10 3.48%10 1.27%10
Chair & Desk . " " .
7-12 6.13x10 2.15%10 2.14%10 7.52%10
0-6 8.93%10° 2.40%10° 3.12x10° 838 10°
Ball pool " 5 5 -5
7-12 9.99x10 2.68x10 34910 9.37x10
B 06 842%10° 241x107 5.89x10° 1.68x107
o 7-12 5.01x10° 1.42%107 3.50x10% 9.95x 10
. 0-6 3.82%10° 7.40%10° 2.67%10° 5.18%10”
80 pen 7-12 2.11x10° 4.09%10° 1.48%10° 2.86%10°
0-6 2.28x10° ; 15910 ;
Toluene Chair & Desk
7-12 1.92x10° ; 1.34%10° ;
0-6 1.74%107 3.75%107 122x107 2.63%107
Ball pool
7-12 1.95%107 4.19%107 1.36x107 2.93%107
_— 0-6 441x10° ; 3.08x10° ;
m; <
ay ma 7-12 1.12x10% ; 7.83%10% -
B 06 6.95% 10° 187x107 243%10° 6.53%10°
o 712 412%10° 111x107 144 10° 3.87x10°
S 0-6 5.72%10% 1.67x107 2.00%10° 5.82%10°
1 aste!
P 7-12 4.98x10° 1 44%107 1.74%10° 5.04x10°
. 0-6 2.09% 1070 ; 7.30%10° ;
Sign pen 712 115x10™ ; 403%10° ;
Xylene
. 0-6 1.04%107 239%107 3.64%10° 836X 10
Chair & Desk
712 8.71x10* 2.02%107 3.05%10° 7.06x 10"
Bl el 0-6 9.16x10” 3.48x10° 320x10° 1.22x10%
A% poo 7-12 1.02x10% 3.89x10° 3.58x10° 1.36x10*
ol 0-6 2.88%10° 1.36x10° 1.01%10° 477%10°
ay mal <
Y 712 832107 3.81x10° 291%10° 133107

Note. Abbreviation: ADD=average daily dose; CTE=central tendency exposure; RME=reasonable maximum exposure.
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Fig. 2. Contribution of children’s products to the health risk of VOCs for children.
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