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A Study for the Indoor Air Concentration of VOCs and HCHO in
Newly Built and Remodeled Classrooms

Jeong Ho Park'* - Su Myoung Yzmg2

IDepartment of Environmental Engineering, Gyeongnam National University of Science and Technology

’Air Quality Research Center, Gyeongnam National University of Science and Technology

ABSTRACT

Objectives: The indoor air quality of newly-built(NC) and remodeled(RC) school classrooms was assessed. The primary aim was
to show correlations between volatile organic compounds(VOCs) and formaldehyde(HCHO) pollutant levels.

Methods: This study investigated the indoor air concentrations of VOCs and HCHO at 26 sites of newly built and 68 sites of
remodeled classrooms located in South Gyeongsang Province between 2010 and 2012. VOCs in the indoor air were determined by
adsorbent tube(Tenax TA) and automatic thermal desorption coupled with GC-MS analysis. Target analytes were five VOCs:
benzene, toluene, ethylbenzene, xylene, and styrene. HCHO was collected with a 2,4-DNPH cartridge and analyzed by HPLC.
Conclusions: This study estimated that indoor VOCs and HCHO concentrations in the classrooms were mainly affected by
interior building materials and classroom equipment. For proper indoor air quality in schools, classroom air should be improved
through reduction of hazardous materials by adequate ventilation, selecting environmental friendly materials, etc.

Key words : newly built and remodeled classroom, indoor air, VOCs, HCHO
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Table 1. Sampling sites in this study

Newly built Remodeled
classroom(NC) classroom(RC)
General

classroom(GC) 12 20

School health
room(HR) 0 16
Wee class(WC) 0 10
Gym(Gym) 6 1
Theater's room(TR) 0 7
Lunch room(Lu) 4 1
Computer room(CR) 0 5
Science | 4

classroom(SC)
Library(Li) 0 4
Dormitory(DR) 3 0
Total 26 68
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2 Aol A= Table 1o UERH wRe} o] A4
E &2 25 u5stu A A 267 2 RS
AR 687 5 F 947l mALE diAte = skglom,
AEAF AR dutnd, BAA, A, S,

WA, FAL AFEY, T, =T, 7144}
Foltk.
2. N2l &%

QAN A BAR AZTERE AYE7AT
HAGH] E5te] Wl Alehel A 2+ LA VOCs

% HCHOO| A2 7} 28] A3 ¥ BR s 54
& wopstgleh. 2AA AL AE wARY AUFY] F
VOCs @ HCHO®| skl Wi, BEuA), Hagh,

Hjgt SO AEsiEon, 8 VOCs 2o B
Gze BRR AETEEC ga wnsE v
WaYIT) o374 Z3]d-97)315E(Total Volatile Organic
Compounds, TVOC)-2 AUl&7|-AZ A A8 7]&0] Co~
C16 Aolo] Sy sl A e BRoR A
£ Fof glon), 2 Aol WA, B2, ofd
WAL AHd=l, 2ERe] 571R] eEde] gos TVOC
£ At&Esto] B A9 tHLee et al., 2012).

SHH, AW3715 VOCso] A2 AF] -2 Tenax TA
2 2% Al A" Z2(4.6cmx9em, Supelco,
USA)Z} Fo& H3Z(MP-330, SIBATA, Japan)Z A}
8510] 100 mL/min 9408 3054 23] A& 2 2s}
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Table 20]= VOCs ¥ HCHO% EXZAE e
W 3lek Tenax TA S2Hgol] AFHE VOCs A& A
S I AR X|(ATD 400, Perkin Elmer, USA)Q} 2
% GC/MS(Clarus 500, Perkin Elmer, USA)E A3-5}4]
Saishalek, VOCs 3 A4 % AL Sisiol
Benzene = 13%2] VOCs =% 3H=2S —7.:3 —‘:'r@,f%}%
o2 133}3 n|=+ 37 % (Environmental Protection
Agency, EPA)Q] TO-14 EA4807 A 2% VOCs 7]
A £ EFE2(TO-14A Calibration Mix, Spectra
Gases)= AH8-3}3iTt.

TSt A% 2,4-DNPH 7}HE 2] X|+= HPLC grade o}
AEUEY g0 5 mLE #2513 33 45 A2
BAsldet 225 A|28olo] HPLC(Series 200, Perkin
Elmer, USA) 42 AAZFEH(C18, 4.6 mmx250 mm)
S ALEBIT O BARE Zdd, HlEdfelolE R, of
AEUED Egeoe Agsisit. des=gan
DNPH] ®Fgof oJ5) A4% DNPH =A== 2124l
Gl A FF7dol lem 350~380 nmoj| A Zthe] 2
=5 Uetd o g UV J&715 ol-8&ste] 360 nmo] w1}
ol THAZ F HPLCE BAI3HSC)

7, VOCs 24e] A4 SuS ojst] s
A}et o] AASI HCHO 2 8l 5 6%-9] VOCs
SAHA F7HE A glon, HIR b= 24k
(Z-SCORE)©| a}=¥HE -0.2~0.92 HE =2 e} B4
Agt WA 71291 Z-SCORE < |2 | o] o] AHhad&
Hroteh

Table 2. Analysis conditions of VOCs and HCHO
Method

Compounds Analysis system

Thermal desorption
apparatus(ATD 400, Perkin
Elmer)
Oven temp. 320°C / Desorb flow
30 mL/min, 10min / Trap high
Tenax TA Tube temp. 320°C / Trap low temp. -30°C
VOCs (4.6 cmx9 ¢cm, GC/MS system(Clarus 500,

Supelco) Perkin Elmer)
Column Elite-1(60 m, 0.32 mm,
1 um) / Carrier gas Helium /
Flow 1.0 mL/min / Final temp.
40°C— 8°C— 200°C / MS ion
source temp. 230°C
HPLC(Series 200, Perkin Elmer)

2,4-DNPH Detector UV/vis. 360 nm /

HCHO  Cartridge Column CI18 reverses Mobile

(Supelco) phase Acetonitrile / Flow 1.0

mL/min
http://Aww.kiha.kr
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B odtof|a BAE VOCs W HCHOS] S =Alas
MS Excel(Microsoft, USA)E A}ﬁé}oi AFELA(Cor-
relation analysis)™} U Ju] 2] EAREA(One-way ANOVA)
o] BARAL AL

Im. 9132 Ao}

1. A AL VOCs 2 HCHO2| s Ex EA

Table 301%= % 947§ WARY VOCs 2 HCHO®| 5=
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=it Hlﬂé}@l HAL] 9 27 AN et o
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BIA=0915F HP o, ol FAHoR fo
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AT r=0.732 5 =2 F AHIAE 2l vt

OPFmEm&TH
H#Ol%r
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Table 3. Distribution of VOCs and HCHO concentrations

. Standard” Detection Concentration(jig/m’)
Chemicals 3 S o T
(ng/m’) Ratio(%) Mean + S.D. Min~Max Median
Benzene 30 98.9 13.22+7.59 ND~40.18 12.21
Toluene 1,000 100 57.95 +59.53 6.30~269.00 36.63
Ethylbenzene 360 100 28.46+17.53 0.60~84.44 28.37
Xylene 700 100 56.02 +37.29 0.80~129.96 53.13
Styrene 300 93.6 11.41+12.20 ND~60.50 3.54
HCHO 210 100 33.33+34.88 2.40~206.20 21.25
TVOC - - 166.19 £ 94.86 15.10~433.60 174.67
" Standard for newly-built collective housing
S.D. : Standard Deviation
Table 4. Results of correlation analysis of each pollutant
Chemicals Benzene Toluene Ethylbenzene Xylene Styrene HCHO
Benzene 1.000
Toluene 0.053** 1.000
Ethylbenzene 0.732%* 0.331** 1.000
Xylene 0.852%* 0.141** 0.915%* 1.000
Styrene 0.029%* 0.217** -0.004** -0.012%* 1.000
HCHO 0.046%* -0.125%* 0.097** 0.106** 0.317** 1

* p<0.05, ** p<0.01

24 Figure 19] TVOC = 7/WEERYE FLAH]=
A58 A EFA(50.62%) > AL #(21.67%) > o E
HIA(14.15%) > AE 2(7.30%) > HA(6.26%) 2] 2=,
EFQ9] Hu7 AY AvkE AR|shE Aoz
Epdh JfEe]l A 2pA@N37.85%) > E2N(28.91%) >

o) &l AN(18.08%) > Wl A(8.49%) > A E (6.67%) 2]

Table 5. VOCs and HCHO concentrations in newly built and
remodeled classroom

Concentration(ug/m’)
Newly Built Remodeled
. NC/RC
Chemical Classroom Classroom Ratio p-value
(Sampling (Sampling

number =26)  number = 68)

1006983 1438627
Benzene  (ND-40.18)  (030~24.84) 70 0014

81.39+81.88  48.98 +46.07
Toluene (6.30~269) (9.50~217) 1.66 0.017

227552130 30.64:+ 1549
Ethylbenzene 7 g0 8544y (0.60~75.77) 074 0050

34.84+39.02  64.12+33.49
(1.10~129) (0.80~130)

11.73+11.86  11.31+£12.40
Styrene (ND~31.30) (ND~60.50) 1.04  0.888

15.19+14.89 4027 +37.81
HCHO  540-56.50)  (4.50-206) 038 0001

158.58 +£126.80 169.10 +80.37
TVOC (17.10~433.60) (15.10~423.05) 0.94 0633

Xylene 0.54  0.000

o JZo] ool 2 Hol2
.
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1131 pgm’ 2.2 79| &

Hook E3F VOCs =
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AUHoz 77 e
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AR =2 UERiTh TVOCs=

of gl Al,

AlZ 15858 pg/m’ 2 713 169.10 ug/m3 9}o] ewH|7}

0.948 7|Zo] 4

ol Hlsl tha w2 2 YERT:

3|2k HCHO:= A% 15.19 pg/m’2 7)3 4027 pg/m’

off ®ls 0.384) =, 7=l

ehtet.

ik
wAl 0.014,
.000, HCHO 00015 o4

J{N' e r{o

ASEE 2,658 A U

Y 8 9)8E(p-value)
=al 0.017, 01]‘.%_“%1_1111 0.050, =}2l=
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Styrene Benzene Styrene  Benzene
7.30%  626%

6.67% 8.49%

(a) NC TVOC 158.6 pg/m’ (b) RC TVOC 169.1 pg/m’

Figure 1. The composition of TVOC concentration in(a) Newly built and(b) Remodeled classroom
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Figure 2. Concentrations of VOCs and HCHO in general and special classrooms(Dotted line is average concentration)
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19] FEH7L 948H R WAPE & FEAO|E Hlow,
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E3h st wAEE of@HilAl, HCHO, A=, wiAl
52 BAYORE Fogt Aol Hrh

v.o &
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ojst® UEtyten, o= 2T AlE7|Eo Sl
gk ¥ Foiel HSHEAIEY ASAA AME- & A
W78 A Adege] o dg ddE

SHH, TVOC 5 719 EF90(34.69%) > A @l
(33.54%) > o] &Ml A(17.03%) > W A(7.91%) > ~ =2
(6.83%)2] 0.2 Uehyity. 23, B=lo] 7]ow s
1 =1 ~gdo] 1 WA e AL 7
A&t} Aol ES] VOCs AT SolA e
AR BalE]al QItiKwak et al., 2006; Choi et al., 2010;
Lee, et al. 2012). wgtA] EFAL Al - 7= Sta A
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