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ABSTRACT

Objectives: This study was conducted to identify hazardous factors that reflect the characteristics of the academy
and to provide basic data of environmental safety standard.

Methods: Heavy metals, volatile organic compounds, formaldehyde, pesticides and phthalates were measured
in 20 academies, which were supplementary, music, art and physical education institutes.

Results: In case of heavy metals, the 12 locations were detected for lead (Pb) over the standard value, and 15
locations were exceeded for the total heavy metal. In six locations, the concentrations of volatile organic
compounds were exceeded the standard value of 400 pug/m?, and two locations for formaldehyde were exceeded
the standard value of 100 pg/m’. The most commonly detected agents in the air dust were chlorpyrifos and
diazinon. The concentrations of DEHP, DINP, and DBP were detected and exceeded in several academies, The
risk assessment results showed that HCHO as carcinogen had a safety level of 10-7 to 10-6, and DEHP and
DINP as non-carcinogens had a safety level as assessed to be under than 0.1.

Conclusions: Through the investigation of long-term environmental and health effects related laws on
academies, indoor air quality management might be needed because there were cases of exceeding standard.

Keywords: Children’s activity zones, Academy, Environmentally hazardous substance, Risk assessment,
Indoor air
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3] 244 7718} 3HE(Volatile Organic Compounds,
VOCs) &d|sle] =5 (aldehydes)] 73-%- 74§ ot
Fol&A S e E EE AAHEAE Hrpt
AYERF A FLH 3] = (Formaldehyde, HCHO) 2
Al (benzene)2] WA EH thst e} vt
22 & EF9(toluene)t AL (xylene)e] &7}
Qattha 2AREATE. VOCse] 73 Aele] 4F
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F0 %5 (E(Pb), 7H=E(Cd), 1A (As), T~2(Hg),
6713 (Cr*))e] S Aslsta Qo ZEEolE
F(phthalates)?] 7% 7I2A2 ALEHE FER
Aol W53} Ao FEFE F= AR e
th FAH R HANe] FdFR(olE, M, &
H27]) =2 AE7] 2EA)7] Al phthalated] =%
HAL A dE2 AEiAY GHEE s
7= A3 2okl A AT, vAIHA (P,
PM,,)9] 79 MetalS Z3HsH G31=2S 23slal
AoH TF7NE T FUSE Al HFELL.
E3] ZuAEA| (PM, )= UAIEA (PM,) Bt ¢
A} A7)xpo] 2 el ZIAMFIAYNE ThsAol T
Bo Ao BAHI T,

wEtA, & dAvs Aderidaey s 4R

1. AEERY

L A7Cia W 7(2t

274 Al71E 20179 6¥9~8Y7HA A, AR
o] F 207/ sts WE oo Agsiiich 34
e 207) sHIS “16d olo] AlF7t BEY
FHHIE A, 2016) T oY TFE o]&E°] &
Al 48 Bkl (gelate), s3sk, SrEe s
AN, AL E D= (7)), ot @
), vl o] 4FRE TEE] 4

9] ¥ 33T Table 1).

©:

AR E FEd FFE(Ph, Cd, He, Cr),

Table 1. The number of subjects by academy type in
Seoul metropolitan region (Seoul, Gyeongi-do)

Categorize Seoul Gyeongi-do
Supplementary educational institute 4 4
Physical educational institute 3 2
Art educational institute 3 0
Music educational institute 3 1

Total 13 7
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VOCs, HCHOS} =tejol|A ofglo] viztad e 4
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= 22} US EPAYIA AA3sl= OSHA(2016) ¥
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Table 2. Inhalation exposure calculation formula for HCHO

Ll
offt

%, Phthalates 3%, HCHO®| thgt 1@ &/
s $30eARE YESA,

ok 9 vdkel=A] BZo] HHA B4 JHE
B old A7) mEe] 3 B4 AT ARE Y
;z].x%g& /ﬂxqs].p]_ l?_zﬂ ]oﬂb AJel X}EE ;_Q_

US EPA9] IRIS (Integrated Risk Information
System) 2 WHO (World Health Organization)el|A]
TAHoR AL e 54 ARSL St

At

Ae] F7F oY E-ol i =2 A EE FYH
AF =&8 78 =5 7 /KRR FES et
Sith. HCHOE dhle] ooldl AU37|2HE S5
715 B8l §92 4 U3 dichlorvos 52 HIES
pesticidess= AWF7], vigh(dA]) 5349 &5 2 4
A ARE 3 =22 F Ao wEA F =E22
HCHOE A9l 55 9 HH ==& 1#istd
AHBIAAL, S5 wEd tigh =57 S

ol JERNATH(Table 2 and 3).

Categorize

Formular

Einh,ame=Came * Te * IRinh * CF;

exposure
calculation formula

inhalation exposure dose=: Concentration of indoor air * Exposure time for exposure scenario

* Inhalation rate for exposure scenario

Detailed formulas
Contact Media

LADD=((Cindoor*0.001) * BRm * (ETindoor/24) * EFfac. * EDfac.) / (BW * AT)

Indoor air

Einh,ame: inhalation exposure dose (mg/kg/day), Came: Concentration of indoor air (mg/m®)
Te: Exposure time for exposure scenario (hr/day), IRinh: Inhalation rate for exposure scenario (m*hr)

Table 3. Oral uptake exposure calculation formula for DEHP, DINP

Categorize

Formular

exposure
calculation formula

Detailed formulas
Contact Media

EingesLsoi].k‘e:Cdusl.k * Il{dusl * Tdust‘k_e
Ingestion exposure dose=Concentration of indoor dust * Dust oral uptake rate * Exposure time

for exposure scenario

LADD=((Cdust*0.001) * IR * (ETj/24) * EFfac. * EDfac.) / (BW * AT)

Floor dust

Eingestsoilke: Ingestion exposure dose (mg/kg/day), Cyux: Concentration of indoor dust (mg/m?),

Tausike: Exposure time for exposure scenario (hr/day)
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HAG {12 =Z - (Lifetime Average Daily Dose,
LADD)3 &FA 2 (Cancer Potency Factor, CPF)
S o]8-3lo] HAYZIIRILIE| = (Excess Cancer Risk,
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= o
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1. 58 27 24 g
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S Hx Hr7}e

T A E ) AN S A,
202 Z 1270294 Pb (506~101, 500 mg/kg)©l

Table 4. The concentration of heavy metal by academy type

AE 2AEAIL, Cd 2702(506, 595 mg/kg), Cr 2
7 2=(4,645, 2,995 mg/kg)olA] AZE ATt

el FEEE AuEH T35 2949 ved
9, Bk, ASshe, ot £ ' AE v=
7} =%TH(Table 4). 2016 $AF B A5 o}
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Heavy metal
Academy type Pb Cd Mercury Hexavalent chrome
(mgkg) (mgkg) (mgkg) (mgkg)
N 8 6 - 8
mean 984 71.5 - 118
Suppleme.ntar.y educational SD 1310 413 i 438
nstitute
min 77 13 - 128
max 3,980 128 - 3978
N 4 4 - 4
mean 423 94.8 - 152
Music educational institute S.D 174 26.6 - -
min 186 66 - 252
max 590 128 - 825
N 3 - - 3
mean 40,500 - - 3,820
Art educational institute S.D 53,700 - - 1,170
min 215 - - 215
max 102,000 - - 106,145
N 5 5 - 5
mean 744 278 - 316
Physical educational institute S.D 243 256 - 149
min 516 42 835
max 1,100 595 - 2131

J Environ Health Sci 2018; 44(3): 283-292

http://www.kseh.org/



Ogl0| FRESSZH S AEsiE W FlEE & E7F 287

¥

) AEe) 54, AAN7) B me ol &
e Zloz poar

1.2. VOCs
VOCs®] 739 20704 F ofdlol&Ea7F SH7<t
AR 71590 400 pg/m® ol 233 ANAE
28 Vet 23EI7E A" oL 54
2

a1
ok
oo
©
o
s
S
e

2
=
(3]
=
(o))
L
=
2
&
S
fllo
2

FRFE gRlon], dE Al B 2

=
M= gA] S77go] 100m oW d o &

st HEEE AvEW VOCse Bk, 29

Sp15} SopeRleln B AP molw, o

1 BAS fl8l 2] Fol A-s o] FoAA] &

Table 5. The concentration of VOCs by academy type

a9 M zAldFe] EW 39 VOCs B2 & &
Tl H#AEHo] 7P =%, H 39.02 ug/

m’ Ed 1169110 eH, FAdFTFE F v&esd

o, 20740 We Ht FEE 59.8 ugm’=E o
Bttt 237 AR AR EEE v R

O
™
£
o
a

2
o,
QL
K
e >

W, 258 13, 2 o] tH(Table 6).

20166 7Hsdst 1358 AEAER Qg

P glYlon, A S2A4AAde) g HCHO

TAE B3 2IAHITE FoE AR A
BAEZE2009) e 5

BAFRAPHAL] AARIME A

ol AAg TAAAES e | AIE

Table 6. The concentration of HCHO by academy type

Academy type (:J./;/)r?:) Academy type 5;1—1111?)
N 8 N 8
mean 3,130 mean 95.0
Supplemeptag educational D 8,040 Supplemeptag educational SD 672
nstitute nstitute
min 160 min 10.9
max 23,013 max 243
N 4 N 4
mean 542 mean 48.1
Music educational institute S.D 595 Music educational institute S.D 39.2
min 202 min 16.8
max 14,30 max 100.7
N 3 N 3
mean 423 mean 38.0
Art educational institute S.D 536 Art educational institute S.D 9.45
min 56 min 28.5
max 1,040 max 474
N 5 N 5
mean 250 mean 26
Physical educational institute S.D 203 Physical educational institute S.D 12.1
min 59 min 6.6
max 486 max 39.2
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1.4. Pesticides
Pesticides®] 73-¢- 2372 U] A7-ga)lx} E3]
AE=EA (chlorpyrlfos diazinon, dichlorvosE 323}

p
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chlorpyrifos@}
Rl HEE
3719k WA F

3719} WAl AA AEE 80%
HoE vhH  diazinon ¥

3
AEEE WL &

3] diazinon2 12} 2404 AE AEHA] &L 2

ZM T HEE A2 chlorpyrifose 12}, 2
Sl tFAIA

BEFoA AZEHIA
Dichlorvos®} cypermethrin®] A& =R & Zlof tf

g0 2 2432 oA

u]=t ACGIH (Association Advancing Occupational

and Environmental Healthy2 AJ<12] 2FF7kol] th

Table 7. The concentration of Organophosphorous pesticide by academy type

Organophosphorous
Academy type Chlorpyrifos Diazinon
Air Dust Air Dust
N 5 6 1 2
mean 113.0 76.7 51.3 542
Supplementary educational institute S.D 43.7 25.6 - 10.0
min 42.26 53.7 51.3 474
max 151.9 116.8 51.3 61.3
N 4 2 1 1
mean 49.5 69.7 60.5 51.3
Music educational institute S.D 243 41.9 - -
min 26.3 40.1 60.5 51.3
max 82.4 99.3 60.5 513
N 2 2 - -
mean 37.5 35.7 - -
Art educational institute S.D 4.7 17.1 - -
min 34.15 23.64 - -
max 40.83 47.76 - -
N 5 4 2 -
mean 101.7 48.7 59.2 -
Physical educational institute S.D 55.5 483 4.7 -
min 22.7 12.7 55.9 -
max 156.7 118.0 62.6 -
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http://www.kseh.org/



Of2lo| FeEsst & A=sR W Rill=22 =& F7F 289

g 7ES AREEA T U ASEEY] =F 9§
47| (Permissible Exposure Limit, PEL)Z} # 3%
%£3]-8-7]%(Threshold Limit Value, TLV)S 473}
ATk, AAH7IE o5k PELE} TLVE= 22} 1.0
mg/m* 223 0.1 mg/m*]L s8]
4ol it =&3]871F °] P—J %E%: w3t &
ARt HaeEs87es A S
AR = VoA sE&EE o)t ATl A&
HAoh & 7] 71E AUS TIEeE 3]
A7) wzell ofdolo] thaj= olwtt AAT 71+
o] AAo] H9% Aoz ¥ ‘ﬁ%‘:}
Table 701]*1 = Pest1c1dese 5‘%
E]'LH M—‘— ]
=7 ‘JrE]r”om] Eé@i A, A °5L°J =<
&8 &0 2 YERT Chlorpyrifoss &7
20| Diazinon WAA ] mZo] £
2 HCHOS} Al 8 Wi ok

28 LG EAL e HGEo] L
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1.5. Phthalates

Phthalates®] 73-¢- A1) €734 2010 73+ OM
ol&EF 7t e H Y-Sk, S B FA,

, 33N T4l Bkl Aej A A RT= ‘:V\
< APeE BTk 3 B AFoM e FE
= Act. DEHPS] 73-¢- dREA o= pVC
(polyvmyl chloride)A| &0l 7I2A| 2 20l
Q1 40|t} Mannsville Chemical Products Corporation
(1999)0ll W=, PVCAIFE] 7HAIZH 95% o)
DEHPE ARg-6hH, AWkl AlFo = BId¥A] (vinyl-
wall covering), El|©] &1 (tablecloths), "FFE} (floor-
tiles), 71 2] & (furniture upholstery) 5ol =]
=l S W olelgh Al 719t i =2 A
kXS Heol Zo=z .\7}1;}541:]. A3y 6‘1—°JZ/\}- QJ,].
£ AuEd, 2010 37 ofdo|gdEgt Sl
B -sta, el W A, %
KA ‘ﬂ*‘loﬂlﬂ SHrEe] A dgd] mE
Phthalates 5= £4 3 A% AE9] e
24933 ug/g(dust), 119 ©]’¢ A]d BBZP (butyl
benzyl phthalate) == 217.11 ug/g(dust)= 2+t
SAHORE FoIF AolE et (p<0.05). & W
A FlelME 2016 S AST 134

)
o)
jan)
3i
o
i ©
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Table 8. The concentration of Phthalates by academy type

Phthalates
Academy type (mg/kg)
DEHP
N 8
Suool ducational mean 4706.4
upp emeir;t:gu fe ucational SD 2966.9
min 561.2
max 9848.7
N 4
mean 3033.4
Music educational institute S.D 5478.7
min 201.5
max 11250.7
N 3
mean 1172.7
Art educational institute S.D 1668.6
min 112.8
max 3096.1
N 5
mean 1617.7
Physical educational institute S.D 2294.4
min 202.8

max 5564.6

ALl stae 2010 o)l NG AldEo] -

olm® NPA7] F AFAGLR QI3 T3} 5

2 olst Oﬂzﬂri LLE\E_]_E]-

Phthalates®] 73-%- tj3£%{ o]l e

DEHP thall 3t /38 245 sialon, By
£-8)

=
shgl, Sobelel, Agslel, meste ffgg 7}

2. e8I} Ant
Z SedEsE o 2 F Y8IErr A3
e HCHO, H'9HEZ Phthalates 5 HEE
©] 50%°]’3<! DEHP, DINPF5} 3715131t} PBDEs
9] 735 20 S Wi =ER7F A3 E AEHA
, Pesticides & DDVP2] -9 E71Z, Pesticides
= dlCthI’VOSQ}‘ cypermathrin®] 739 EHE=,
chlorpyrifos?} diazinon®] A% SA4A52] FAZ
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Table 9. The risk of carcinogenesis of formaldehyde by
academy type

. Indoor air
HCHO Risk level
LADD Mean

Art educational 50%th  1.89E-05 8.61E-07
institute 95%th  3.52E-05  1.60E-06
Supplementary 50%th 3.76E-05  1.70E-06
educational institute  95%th  7.34E-05  3.33E-06
Music educational 50%th 4.17E-05 1.89E-06
institute 95%th  6.13E-05 2.78E-06
Physical educational ~ 50%th 4.82E-05  2.19E-06
institute 95%th  1.55E-04 7.07E-06

Table 10. The risk of carcinogenesis of DEHP by
academy type

DEHP range —Dust Mean
LADD

Art educational 50%th 1.89E-05  0.0006
institute 95%th  3.52E-05  0.0009
Supplementary 50%th  3.76E-05  0.0024
educational institute  95%th 7.34E-05 0.0077
Music educational ~ 50%th  4.17E-05  0.0097
institute 95%th  6.13E-05  0.0168
Physical educational ~ 50%th ~ 4.82E-05  0.0174
institute 95%th  1.55E-04  0.0270

Table 11. The risk of carcinogenesis of DINP by
academy type

Dust
DINP range ————— Mean
LADD

Art educational 50%th - 0.0000
institute 95%th - 0.0000
Supplementary 50%th 9.03E-04  0.0188
educational institute  95%th  2.75E-03  0.0574
Music educational ~ 50%th 1.63E-03  0.0341
institute 95%th  4.08E-03  0.0850
Physical educational ~ 50%th ~ 2.51E-04  0.0052
institute 95%th  4.53E-04  0.0094

oz} 2k, AHFE A, wehd) e 5
A4 ou)E R gkoumz JE glo] A
Al A8k

J Environ Health Sci 2018; 44(3): 283-292

% 2SI = 50th percentile e 107~107°
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Ivgd E

Ao i 2079 S e w
SHAfRlIA =2 AHH A A S350 A
H(Pb)e =FFEt =4 vehsten dAAHoR
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o] AL HF FE7) 1484.8 ug/m’ (55.8~23013)=
7R 400 pg/m’sE AL, T 200048 F B
23, A5 23, 2o 9 viedde] 7+
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A 23, Fotehdol 13 ZFAAM I YErETH
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He 32 74 6323 2320 = 1,}];]_1/)\1-0111 pavale)
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2 YePsttl. Phthalates®] 73-%- DEHP7} 2 H&
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~35,439 mgkg HIAZE A=
1 DBP7} HE= U
B AT did=Ado gk a8 7 A3 dekE
HCHO® A% & LIl = 50th
percentileZ} 95th percentiledllA] 25 1072 @A] &
= 015}1/\10% = Lo I U R SRR b 2 s
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