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Characteristics of Indoor Air Quality
of New Apartments in Seoul City

Indoor Environments Team

Sun-jung Won, Hyun-soo Kim, Sang-hoon Lee, Myoung-jin Chun,
Kwang-rae Kim, Bang-sik Roh, Heung-zoo Kim, Doo-rae Kim,
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Young-man Park, Hong-je Kim, Gyeo-bung Kim,
Seok-won Eom and Young-zoo Chae

Abstract

Reconstruction and redevelopment projects have been increasing in Seoul recently,
and the materials which are being used are more complex than ever in terms of their
formulation and design. Consequently our concerns about indoor air quality are also
increasing. This study was conducted throughout 1,012 sample stations in newly built
apartments in 25 districts of Seoul, monitoring for actual indoor air conditions and
characteristics from May 2009 to December 2012. We measured and analyzed HCHO
and VOCs based on the test method of indoor air quality. Average concentrations of
each pollutant generally decreased as years go by. Benzene did not exceed the
recommendation guideline during the observation period. Monthly average concentrations
of Formaldehyde, Toluene and Styrene were relatively high from June to August.
Monthly average concentrations of Benzene, Ethyl-benzene and Xylene were highest
from November to February. From May to July, more than 55% of samples exceeded
their recommendation guideline. For styrene, recommended guidelines were exceeded in
59% of samples from lower floors(floors 1~5), while Xylene levels exceeded
recommended guidelines in 89% of samples on higher floors. Other pollutants had
similar exceedance rates 4.2% and the influence of the floor upon which the samples
were collected was negligible.

Key words : Indoor Air quality, New Apartments, HCHO, VOCs
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Fig. 2. Equipment and method for
sampling.
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Table 1. The Analytical condition of LC- MS/
MS for Formaldehyde determination

HPLC

Mobile phase A acetonitile
B : water

Gradient isocratic flow(A:B=55:45)
Flow 1 m¢/min
Injection volume 10 w1l
Run time 15 min

2) 3L 4R7I8HEEZ (VOCS)

BA42E GC/MS-QP2010(SHIMADZU) ¢
TD(DANI, Ttaly) & Ab&slelom A 3wye
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Table 2. The Analytical condition of GC
Thermal Desorption(TD)

Desorption Temp. 280C

Desorption Flow 30 mL/min, 15min

Focusing trap Tenax TA
Desorption Time 15 min
GC/MS

GC column Ov-1

60m=x0.32mx 1 um
GC column flow He, 1.8 mL/Min

50C (5 Min) — 8°C/Min —
200°C (2 Min) — 10C/Min —

GC oven temp

220C (8 Min)
MS Mode Scan
(Scan or SIM) 45~550 amu

Ion source @ 230C
MS Quad. @ 150T

EIL, 70eV

MS temp

Tonization Mode

B
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Fig. 4. Distribution of Formaldehyde by year.
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Fig. 6. Distribution of Toluene by year.
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Fig. 8. Distribution of Styrene by year.
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Fig. 7. Distribution of EthylBenzene by year.
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Fig. 9. Distribution of Xylene by year.
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Table 3. HCHO and VOCs statistics by year

Formaldehyde Benzene Toluene Ethylbenzene Styrene Xylene
Guideline(pg/m?) 210 30 1,000 360 300 700
N 220 205 205 205 205 205
9 Aver. (pg/m’) 77.6 3.0 333.6 73.9 59.8 1248
8 Max (p2g/m?) 411.7 13.1 2978.2 518.6 262.1 681.2
9 Min(pg/m’) 0.0 0.2 12.9 1.8 0.4 3.8
Stdev. 72.0 2.1 304.1 78.0 59.2 148.6
N 317 308 308 308 308 308
9 Aver. (ug/m’) 70.6 4.0 414.8 72.6 88.1 152.1
(1) Max (2g/m?) 412.2 28.0 4,022.0 516.0 759.7 1.251.0
0 Min(jsg/m?) 3.6 0.2 8.0 1.4 0.7 2.1
Stdev. 61.8 4.0 342.8 7.4 116.9 196.5
N 218 240 240 240 240 240
9 Aver. (pg/m’) 4.2 4.4 397.6 103.0 112.7 203.7
(1) Max (p1g/m’) 257.6 20.7 1.360.1 759.4 916.3 2,065.1
1 Min(pg/m’) 2.0 0.7 28.1 3.8 2.2 7.8
Stdev. 42.6 2.8 206.8 109.1 131.5 256.0
N 243 259 259 259 259 259
9 Aver. (ug/m®) 48.9 3.3 371.8 54.2 92.7 1196
(1) Max (pg/m?) 854.6 26.4 1.559.1 493.5 1.167.2 881.7
2 Min(gg/m°) 0.5 0.2 2.2 0.7 0.4 2.1
Stdev. 72.9 3.6 343.1 66.0 168.4 158.8
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Table 4. Comparison of average concentration by floor

(Unit : pg/m?)

Floor N(=1012) Formaldehyde Benzene  Toluene  Ethyl benzene  Styrene Xylene
1~5 375 60.09 3.52 361.72 67.16 82.65 122.45
6~10 309 62.56 3.46 369.81 71.34 100.71 140.59
11~15 205 61.84 4.11 419.58 80.30 96.45 156.89
16~20 74 63.06 4.05 431.36 100.18 70.31 262.86
21< 49 54.93 4.42 411.08 108.43 68.09 238.04
Table 5. New Apartment Indoor Air Quality recommendation Guideline
Pollutant Korea(pg/m?) Japan(pg/m®) WHO(pg/m?)
Formaldehyde 210 °] 3}t 100 ©]3} 100 o] &}
Benzene 30 o]} - -
Toluene 1,000 o]&} 260 °] 3} 260 °] 3}t
VOCs Ethlybenzene 360 ©] 3} 380 o] 3} -
Styrene 300 o]3} 220 °] 3} 260 °] 3}t
Xylene 700 o] 3} 870 o] &} -
Multi-Purposed Facility TVOC 500 400 500
z9ste] 71EA] 23 RS e AHLS 20099 TEFEE Holal 9SS &9 & 4 9 20114
A 20573 Foll 1571(7.3%) ol9en, & odEulAde 7jeEx 23 A4t TR ta
20104 308K ol 374(12.0%), 2011 240 =2 Holglo 20124 EFde 7|4 =
A Foll 277(11.3%) 20120 259415 Foll 3 A47h 157108 w2 ooy Adses
27(10.4%)7 ot F715+A 23 AFE & 1,236.95 pg/m’E T2 A} H|S3 5019
Ao 270 old ol VEA 2HE E'-}% A ok a8y 2010 o] F FUEA 2HES 2
Mol EIH /1FA 23} Aolr], o= E 6ol A gadhs FA JoE nold gEus:
A8 JeERQTh B 7b B s 23 2Ede] 49 20109 o)F vid 7% AR =L
A8 SAge] Hit g bEste] 7 AxdE ¥ V)EA] 29EE Hola ok
6ol A YERATE A7F FaE 7)1z 53t
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Table 6. Yearly exceeded Number of Indoor Air Quality recommendation guideline and average

concentration
2009 2010 2011 2012

N Con. N Con. N Con. N Con.

(ea)  (ug/m”) | (ea)  (ug/m’) | (ea)  (pg/m’) | (ea)  (pg/m’)
Formaldehyde 11 2175.23 9 278.33 4 235.93 5 401.48
Benzene 0 - 0 - 0 - 0 -
Toluene 2 2,930.05 11 1,475.84 1 1,360.10 15 1,236.95
Ethlybenzene 2 505.60 2 442.90 7 486.64 3 440.67
Styrene 0 - 18 465.43 19 470.73 19 580.69
Xylene 0 - 8 1,015.61 11 1,124.19 2 798.70
Exceeded No. 15 37 21 27
Total No. 205 308 240 259
Exceeding Rate 7.3% 12.0% 11.3% 10.4%

Table 7. Monthly exceeded Number of Indoor Air Quality recommendation guideline and average

concentration
Formaldehyde Toluene Ethlybenzene Styrene Xylene
N Con. N Con. N Con. N Con. N Con.
(ea)  (pg/m®) | (ea) (ng/m?) (ea)  (ug/m?) | (ea)  (pg/m®) | (ea)  (pg/m?)
Jan. 0 - 1 1,360.10 1 404.70 1 371.20 5 1,121.04
Feb. 1 217.60 0 - 0 - 1 495.00 3 836.17
Mar. 3 230.37 0 - 1 416.30 3 4717.50 0 -
Apr. 3 242.03 2 1,006.80 2 437.65 5 569.04 2 1093.65
May. 3 256.50 8 1,189.66 2 460.65 12 660.48 1 715.70
Jun. 4 241.43 7 1,652.13 0 - 19 401.46 0 -
Jul. 8 306.09 6 1,352.38 1 400.70 11 530.69 1 761.40
Aug. 5 407.24 1 1,201.30 2 505.60 1 448.00 0 -
Sep. 2 314.35 2 1,188.55 0 - 3 457.30 1 881.70
Oct. 0 - 2 2,930.05 0 - 0 - 0 -
Nov. 0 - 0 - 3 570.07 0 - 1 2,065.10
Dec. 0 - 0 - 2 442.90 0 - 7 1,051.93
Total 29 29 14 56 21
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Toluene

N
(ea)
8
9
5
5
2
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Con.
(pg/m?)
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o
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Formaldehyde

N
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(5.9%)

Total
309
205

74
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1,012

concentration by floor

Floor
6~10%
11~15%
16~20%

A

21% o

Table 8. Exceeded Number of Indoor Air Quality recommendation guideline and average



A, 24(7):231~238, 2008. 7.

stol= 5o 54& & vEhn vk 2#y

€]

o
PR
K

atal

frt

=R

pud

9

7
1317], 13(4):283~289, 2006.

3

]

[e]

3

g%

=
=

we g
A8

l
iy

8t

2010. 4.
g,

ool 1%

=

[¢)

=

ol

9

Ao g ®olu} 21

|

L

R

L
L

3715
ol A
Add ] Hit st gl ZasA

a
5]

5

)
ﬁo
w

ol

=

i

)

TZ0

(2

oA 2012 10.4%=

Compounds(VOCs))

(3):137~143, 2009. 9.
Organic

g A, A 2002

8}+3]7]
E(Volatile

[

2009 5€HE 2012 12

[e]

T

J

v

R

I
Ao

hmj
=

A7 179] 7]

S
o
=

|

A
H
=

784, 2000. 12.

N
=
N

N
g

T

T HF HiA, 2004.

I

A

&L 3

9

€] 55.1% B=E 244

7 A

<
T

AyE714

ol g 5ol el A

2o

4

2]

HE2 = 2~

No

(5.9%)
)ell A

¥

»AO

(21% I

-
_50
=

ol

)

X
oM

o

oy

N

il
Ok

Kl

32(4):275~281, 2006. 8.

2008. 4.
e

and
- 124 -

16, pl79~

“‘Cleanning products
: emissions

Indoor Air,

fresheners

air
resulting concentrations of glycol ethers

and Nazaroff WW :
and terpenoids,”
191, 2006.

1. Singer BC, Destaillats H, Hodgson AT
and



3(3):96~103, 2009. 9.

12(2):106~111, 2005. 6.

ZEER)

7‘31

TR A

- 125 -



