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Health Risk and Exposure Assessment of Aldehydes in Children’s Facilities
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Abstract

This study was performed to investigate the concentration of indoor aldehydes in children’ s facilities.
The samples were collected from various children's facilities (40 playrooms, 42 day-care centers, 44
kindergartens, and 42 indoor playgrounds) in summer (ul~Sep, 2007), winter (Jan~Feb, 2008) and spring
(Mar~Apr, 2008). The ratio of Indoor and outdoor (I/0) of aldehydes exceeds 1.0 and the formaldehyde
levels in each child-care facilities were significantly different. We evaluated the lifetime cancer and
non-cancer risk of young children due to indoor aldehyde exposure. We estimated the lifetime excess cancer
risks (ECRs) of formaldehyde, acetaldehyde and the hazard quotients (HQs) of non-carcinogens
(benzaldehyde and formaldehyde). Formaldehyde was evaluated for both carcinogenic and non-carcinogenic
risk. The average ECRs of formaldehyde for young children were 1x107*~1X107° level in all facilities. HQs
of four non-carcinogens did not exceed 1.0 for all subjects in all facilities.
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inhalation, body weight and exposure period.

Age (years ili
Exposure Factor Symbol ge (years) P‘r Ob.abll.l v Source
0.5-2 3-4 5-6 7-9 distribution
Daily Inhalation US EPA
rate(mday) BRm 5.7 8.3 9.2 12.0 Log-normal CEFH(2002)
Activity Inhalation . US EPA
rate(m’/hr) BRh 1.9 1.9 1.9 1.9 Triangle CEFH(2002)
Body Weight(kg) BW 10 16 20 30 Log-normal ME(2007)
Exposure period(year)  EDindoor 1.5 20 2.0 3.0 -
This stud
Number of standard 7 575 930 730 1095 - Y
time exposure(days)
Number of child life 25550 25550 25550 25550 - ME(2007)
time exposure (days)
g dugdesiA] A Az
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Table 3. Exposure Factor (2) - daily exposure and daily playing time.

Day-care  Child-care  Kinder Indoor  Probability

Exposure Factor Symbol home center -garten  playground distribution Source

daily exposure ETindoor 10 10 5 2 Uniform

(hr)
Number of year exposure . . This
(dayshyr) EFindoor 258 258 258 36 Triangle study
daily playing . .
ETj 7 7 5 2 Uniform

(hr)

17.0 (Statistical package for the social science) -7
packages AFE-8I913L, Kruskal-Wallis testE A
slo] A AR F94S Bk

3. A4
3.1 ofde] et AulE7d 37t
olglo] &EF7tel| Tt dulstol=Re] A

=
%ﬂﬂr %‘5’4 CRite: é_hﬂ/ﬂ 371 %ﬂ %El"‘ir:%
=
=

Table 4. Concentration of the target compoun

st ejato)= %01] gk 71EA = SARE E
dislo] =2l ¢ wSIAAdR-e] 7IEAE 3
TAZ At 2AES Rl FLdjst
o|E& thgol Al 5o Adlgrdue 4
W71 A1 100 pg/me 4.4% 23611,
Aj9] s EHlE B 10—°— Haz glo] Aule] @
Fdo] Aok 210 eIt

oldlo] FFks %01‘%}, ooy, FA1¢
AufEolEE TRk Ad) drlslel =/ &
T Avay, Fddsio]=e] A ofdold
A1 40.6pgm'E 7V A UERE O theo® A

ds in indoor and outdoor air.

unit :pg/m’
Indoor (N=454) Outdoor (N=96)
/0 Excess L
Compound Mean + S.D Mean + S.D . Guideline
. . ratio rate
(Min ~Max) (Min ~Max)
354 £ 346 204 £ 212
Formaldehyde ) 1.7 44 100"
(<LOD"~277.4) (3.5~100.3)
21.6 + 23.7 167 + 18.7
Acetaldehyd 12 - -
colietyte (<LOD~133.4) (<LOD~83.6)
1.0 £ 44 0.7 £ 46
Benzaldehyde 14 - -
(<LOD~45.9) (<LOD~45.8)

1) LOD : Limit of detection
2) 1AQ guideline of Multiplex use facility
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Table 5. Concentrations of aldehydes indoor air pollutions by child activity facility.

unit :pg/m'
. . . Indoor
Compound Child activity facility
Mean + S.D p-value*
Day-care home 112 335 +£399
Child-care center 120 40.6 £ 333
Formaldehyd 0.008**
ormaidenyde Kindergarten 113 269 + 21.6
Indoor playground 109 39.8 + 39.2
Day-care home 112 220 + 242
Child-care center 120 242 + 277
Acetaldehyd 0.958
celaidetyce Kindergarten 113 19.5 £ 19.6
Indoor playground 109 202 + 21.6
Day-care home 112 1.0 £32
Child- t 120 05+10
Benzaldehyde 1 ceate centet 0243
Kindergarten 113 14+ 7.1
Indoor playground 109 1.0 £ 46

* Kruskal-Wallis, ** <0.01

Uisolg], mol, #4149 o2 vehit) wt
SAARCE Fadsle| =] A ofdo] Fy
MR Fg Ao} Qe AoE et
(p<0.01).

oM EYHBlo| =R Fe |3t} nhirA|
2 ojlolFlelA 24.2ugm'E 71 =7 UERtaL
Theo s Aulzold, Hod, A9 ¢o% Y
ERsith FEddistol =gl wWiddEslo| == A
AHow vhe FER el Fdvs|EE
Aelstal ofglo] yyhiz FAHOE F9
gt Ao7} glSItkTable 5).

3.2 27918 7 A
321 drobM ot

ADAFE W78t Zapaekola) iz 50% sk
Z w2747 JaiE 10°~10° HYE A=Y

aAU R AR A

Atk oV 3ok 24 Fdusto|=e] F ek

= t 9] o EYTslo] m 1x10°

nREe] w2 PRI RS BT 95% SiE

T wF 2siEiEE 1074107 HeE
4

=
puek 81 % Bosel=g)

322 d|dery Hot

nEebd B2 Qg nubEAd 9133k HQ
50% SFEE <0.0001~0.15 W2 AEE gl om,
o wel B4 F Fddisio| =)t FhjuekEyg
S13igko] 0.001~0.15 WS E =2 98l s B
At wlEerd EAR Q1d njEelEAdEL,
HQ 95% a3k 18 Z3sh= AL glglou,
HEAN S, =0l offloly, 4449 nd

o=} 0.1 273kt Table 7).



Table 6. Lifetime Excess Cancer Risk estimates for 50th and 95th percentile value of Carcinogens

application ADA.

— Age ADAF Lifetime Excess Cancer Risk
acur
Y (years) Formaldehyde Acetaldehyde
Inhalation
Total Excess Cancer Risk S0th 95th S0th 95th
Playroom 0.52 2.26x10™ 132x10° 2.56x10° 1.38x10°
5 2 424x10™ 1.70x10° 3.56x10° 1.88x10°
ay-care
¥ t 34 1.53x10™ 6.26x10* 1.27x10° 6.96x10°
ceer 5 1.37%10™ 5.61x10% 1.15x10° 6.17x10°
Kindergarten 5-6 443x10° 1.94x10™ 4.66x10” 2.55x10°
nd 34 1.23x10” 6.06x10” 9.08x10” 4.88x10"
naoor
varound 56 1.00x10” 5.21x107 7.62x10° 4.19x10°
.
pay 79 1.00x107 4.95x10” 7.55x10” 4.16x10*

Table 7. Total Hazard Quotient estimates for 50th and 95th percentile value of non-carcinogenic.

» Age Total Hazard Quotient
Facility
(years) Benzaldehyde Formaldehyde
Inhalation Total Hazard Quotient 50th 95th 50th 95th
Playroom 0.5-2 <0.0001 <0.0001 0.0812 0.4610
2 <0.0001 <0.0001 0.1563 0.6044
Day-care center 34 <0.0001 <0.0001 0.1356 0.5440
5 <0.0001 <0.0001 0.1216 0.1216
Kindergarten 5-6 <0.0001 <0.0001 0.0396 0.1712
34 <0.0001 <0.0001 0.0011 0.0055
Indoor playground 5-6 <0.0001 <0.0001 0.0009 0.0045
79 <0.0001 <0.0001 0.0006 0.0031
4, 11 Z AL B 4 SUTKElke 5, 2001). FUU[E}]

HEA 2 Aulsolgle] Ay F1tel] ¢H|s)
TR ok AuyAe] FEH(I0 ratio)S Eal
Ayl 941 whAfle] EAE AHEY (ligen 5,
2001), -] E49] AujAs] FE87t 1R
A e o] Ay o wgdlo] E7gle]

9] A% ojdo| el 714 =) YeRtoH of

do] FgahaR o3k Aol Q= Zlow v

BRI} (p<0.01). ©J= 37} TPy ofdlo] R

& clteld] 48] 118 A5 L 4 7}
TS5} oy 7K 9] w7 A Hogt

oM W R0 Bee,
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