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Abstract

A study on the indoor air quality of new car was carried out and analyzed the VOCs and aldehydes generated from the car
inside. From 8 new cars that have not passed more than 60 days from the delivery, the concentrations of VOCs showed high
in order of Toluene, Xylene, and Formaldehyde. Toluene showed the highest concentrations with the mean value of 720.7 wug
/m* (310.7~1,619.2 ug/m’) and Xylene showed the mean concentration of 280.4 ug/m’® (104.0~552.7 wg/m*). Formaldehyde
was detected with the mean value of 130.0 wg/m’ (13.5~371.5 wg/m?). Compared to the concentrations in new cars after 5
days and 50 days delivery, the detection rate of xylene was greatly decreased by 72.3%, styrene by 64.3%, TVOC by 62.8%,
toluene by 62.7%, and formaldehyde by 49.1%, respectively. It showed that the concentrations of VOCs and aldehydes
decreased about 84% after 90 days. Especially, TVOC and toluene decreased by more than 94%. With regard to ventilation,

the concentration after 10 minutes ventilations was decreased to more than 44% compared to 2 hours locking. The average
decreasing rates were showed 59% ; Toluene decreased by 78.8%, TVOC by 67.1%, formaldehyde by 65.4%, and xylene by

56.5% respectively.

Key words : New car, Volatile organic compounds, Aldehydes, GC/MSD, HPLC, Indoor air quality
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AMEXE 8-

oA AAE XF F 58AE WY eR E1H F 60
A7t A 9] 2=k ol thato] AlafollA] WA k= 375t
FE(VOCs) Y °"T11| °] F(Aldehydes) & ZAFSHE o1 o5
2tiol diste] 54 , 90, 1259 A3 o) A7
RHE(VOCy) ¥ °Ptil ol F(Aldehydes) 9] FERISHE Bl
Akt Eek ARRe] ARF W 3] A - 39| FE WSS
H] 24 519 o},

ANz My 2 2

= Aol AT E BEe Ay A A of
Wk o g 2; A o] R 713 RHE(VOCs) Al 225
A2 2 Ag MEgel MP-X30 (Sibata Co., Japan)S 3
A A FE€271(TC, GERSTEL, Germany)E ©]4-3}%] 280
Toll Al 8AIZE o) HA 2jE AAIstaL, 71 Hol ARE-El= &
291 Tenax—TA (60mm, 180mg, GERSTEL, Germany)el
Ad st H%F 50~100mL/min 2= ko] % NH gFo }
FU O L ER7IEE s E e T ARAH F
o] 1~3L7} E]Ei ZAsto] 23] A= 2F 0}931:}10)-”)

Alm AF F AT oo A ER] X S, g—ia&—«]
U}7H i R uEISY 2 UEs & B4 AR 4T YY
Ea By A=

OH:ﬂ 3] =7 (Aldehydes) AlE®AF+= MP-X100 (Sibata

Co., Japan) 7171 & ©]€3t9 HIZ {3 300mL/minl&2

Figure 1. Scene of sampling VOCs and Aldehydes in the new
car
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Polypropylene Tube®| 23 miAl= 11a-=E2 FAH
2,4—DNPH (Dinitro phenyl hydrazine)7} Z® Eo] Q=
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Flgure 3. TDS and GC/MSD
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Table 1. Analytical conditions of Aldehydes with HPLC

Variables

Conditions

[ns trument
Analvtical Column

HPLC (Agilent 1100)
ZORBAX SB—C18 (5¢m, 4.6 X 250mm)

Mobile phase Acetonitrile : Water = 60 : 40
UV detector 360 nm
Flow rate 1.0 m L/min
Injection Volume 20 pl
Table 2. Opreating conditions for thermal desorption and GC/MS analysis
[tem Conditions

Desorption Temp

20C (0. Imin) — 60C/min — 260 C (5min)

TDS Desorp. Temp & Time 260C, 10min

Concentration temperature -70C

Column HP-VOC (60m x0.32mm X 1.8/m)

Column flow 1.5m¢/min

GC oven Temp. 60C (5min) = 4C/min — 2007C (10min) — 20C/min — 260C (2min)

Split ratio 20:1

GC/MSD Mode Scan

MS source 230TC

MS Quad 150C

lonization mode El mode

Table 3. Detection limit and Repeatability
Compounds MDL (n=7) RSD* (%) (n=4) r’

Formaldehyde 0.00043 pg/ml 0.25 1
Acetaldehyde 0.00227 pg/mb 0.08 1
Benzene 0.22 ppb 3.69 1
Toluene 0.09 ppb 3.02 0.991
Ethyl benzene 0.13 ppb 455 1
m,p—Xylene 0.28 ppb 4.16 0.999
Styrene 0.16 ppb 494 0.999
o—Xylene 0.14 ppb 4.17 0.999

* . Method detection limit (MSD = SD Xt(n—1, 0.99))

A& AFE 2,4-DNPH 7FE A 5mL otAEUED
(Acetonitrile)& ©]-§3to] §&AIX1 & HPLC A of o574
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Table 4. Concentrations of volatile organic compounds and aldehydes in the new car
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(unit : gg/m?)

Compounds Average concentration SD* Minimum Maximum
Formaldehyde 130.0 115.0 13.5 371.5
Acetaldehvde 76.4 33.3 39.3 149.8
Benzene 2.2 3.3 N.D. ** 9.5
Toluene 720.7 429.2 310.7 1,619.2
Ethyl benzene 69.0 34.6 19.4 137.6
Xylene 280.4 157.6 104.0 552.7
Styrene 45.2 40.8 6.2 129.1
TVOC *** 13,590.0 8,346.6 4,800.0 27,053.6

sk

* o Standard Deviation ** : Not Detected

Table 5. Recommended guideline for the indoor air quality of the newly built apartment houses

* I Total volatile organic compounds

(unit : ug/m?)

Compounds Guideline
Formaldehyde 210
Benzene 30
Toluene 1,000
Ethyl benzene 360
Xvlene 700
Styrene 300
A7 o] T mAA R F=7t 23t =& 3~570 2 Znt 2 E
At A4 £22S Benzene, Toluene, Ethyl
benzene, Xylene, Styrene, 3WA377]8EE(TVOC)?] AlXIO| |HIMOT|5IEIE L UHFER UM EN
o, 3G 75 R0 B4 2 AL Table 20 VEFWSI T 397 602 ol5t9] Az} 8o it FUAR-TISHEE
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Table 404 Xi= uie} Zro] Aze] 25k Y 5=
Toluene, Xylene, Formaldehyde 2.2 UElton §h
Y sEE Al &1 HA 59 J= H Aol EAH
FE A, Toluened Bt 720.7 ug/m', Z | 1,619.2 ug/m,
A 310.7 ug/m'RE BA T FE FolA /M 22 s=E Y
ey 9ith. Xylene Hat 280.4 wg/mo]l™ 104.0 ~ 552.7
ug/m*'e] FE o]t} 121 Formaldehyde:= B+t 130.0 ug/
m'o] w | XA 13,5 ug/m’, ) 371.5 ug/m’ AE =T} 3
W R713kREERl TVOCY - At 27,053.6 wg/w’, X4
4,800.0 wg/m’, S+t 13,590.0 wg/m’ AEE A Benzene
o] AL ND ~ 9.5 ug/n’, Bt 2.2 ug/m’® AEE A}

Table 59 A% ZEFH Y A)F7] A An/ES ety
glom 2 7ol ator A4 H s ko] 25 eRt b

e W P4 e nE 7[E9soly Toluenedt
Formaldehyde®] 79 Z) 27} A& 3558 AU 372

A7) <1 1000 wg/m’, 210 ug/mE Z2dH= Ao 2 YEkyt
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Table 6. Change of concentrations by periods

318 54 A

(unit :

177

wg/m’)

Compounds

After 5days

After 50days

After 90days

After 125davs

Formaldehyde 229.2 116.7(49.1%)* 35.8(84.4%) 14.6(93.6%)
Acetaldehyde 97.4 64.9(33.4%) 35.9(63.1%) 11.887.9%)
Toluene 968.9 361.7(62.7%) 54.8(94.3%) 38.9(96.0%)
Ethyl benzene 81.9 52.9(55.5%) 12.9(84.2%) 10.287.5%)
Xylene 494.1 137.0(72.3%) 47.7090.4%) 24 9(95.0%)
Styrene 70.3 25.164.3%) 10.0(85.7%) .7094.8%)
TVOC 23,281.8 8,662.5(62.8%) 1,177.5(94.9%) 1, 096 3(95 3%)
* . Decreasing rates Compared to the concentrations in 5 days after delivery
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Figure 4. Trend of the concentration changes by periods
(Toluene, Xylene)
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Figure 5. Trend of the concentration changes by periods
(Formaldehyde, Acetaldehyde, Ethyl benzene,
Styrene)
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Figure 6. Decreasing rates(%) Compared to the concentrations
in 5 days after delivery

9] A% =TT EAEOI AL vig- Wol A9 staiT),
Table 6ol4 Hi= vie} o] 54 o} Hlmwste] 50 $
= Xylene Styrene, TVOC, Tduene <2 2 5= 71480]
o Xylene® A% 494.1 ug/m*o|A 137.0 ug/m’'O.Z
72.3% AASR o Styrene< 70.3 wg/m'o A 251 ug/m’
02 64.3%, TVOCE 23,281.8 ug/m'ol| A 8,662.5 ug/m'S.
2 62.8%, Toluene 968.9 ug/m'ollAl 361.7 ug/m’'2.
62.7% H2F= AL 2 ey}, ago] Ead F 71340
o W2 = W3} 0] 5 Figure 4, Figure 59 YerUIgich,
71273l wel VOCs 9 Aldehydes®] =7} H4dh=
° &2 Yetygton, 90d Foll=
47.7 ug/m’, Formaldehyde 35.8 ug/m' 5202 7IH = %=
7} 55 ug/m’ O3tR ZHA T 3 1259 o=
38.9 ug/m’, Xylene 24.9 ug/m’, Formaldehyde 14.6 ug/m’
5o NEFE BET} 39 ug/m’ o3t 2 FrAFHct
Figure 69+ Aldehydes 2% (Formaldehyde,
Acetaldehyde), VOCs 4% (Toluene, Ethyl benzene,
Xylene, Styrene) @ TVOC®] thst &34 & 54 F&} va
3lod 50, 90, 125¥% %9 = 483 el 90Y &
oJi= Acetaldehyde 63.1% 45 A9 skt L x|z 72
84% o\ A E= Al & yElytt £3] TVOCS Toluene
9] A= 94% ol HA H= AL R Yerdtt, 12|l 125

Touene 54.8 ug/m’, Xylene

Toluene
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Table 7. Comparisons of the concentration inside the car after the ventilation for 10minutes with the concentration after locking for

2 hours (unit : yg/m?)
Compounds Before the ventilation After the ventilation Concentration decreasing rates (%)
Formaldehyde 371.5 128.5 65.4 %
Acetaldehyde 149.8 75.1 49.9 %
Toluene 779.4 165.5 78.8 %
Ethyl benzene 78.0 37.8 51.6 %
Xvlene 435.6 189.7 56.5 %
Styrene 87.2 489 44.0 %
TVOC 19510.1 6423.0 67.1 %
Average 59.0 %
A Fofli= Acetaldehyde 87.9% #4 Ethyl benzene 87.5% 2. & A7 e A E 8 Ae AFIETH <
A e A A 93901y st U314 e MR ) BFGE 2 SiEel
U, Toluene™ Formaldehyde ] ¢ Zdl =7 A& 35
7] ™ - =o| Xt U %-'LHé—'?I"E' Sk Hlw FE o] A37]d Ha7]E<l 1,000 wg/m?, 210 ug/mE ES
Table 7ol4 = S €] 59 A Azt disto] 24z #sh= Aoz vetgker, shxe 2 3E Toluenet
WA 594 108 W F AR AAE S 5] AT Formaldohyde 0 53 o2l Aol

A& o thdte] B3 VOCs ¥ Aldehydesoll thet x= 2 l
T BAs ) e sl kA8 Au W 449%0)4F 9] 7
&% Holn it 59.0%2 F&= by gl ok
Toluene, TVOC, Formaldehyde 0.2 ZrAg&o] A
E3] Toluene?| 5 37 $7F 779.4 ug/moll A 165.5 ug/
' o2 788% FAstALH, TVOCE 19,510.1 ug/m' oA
6,423.0 ug/m'C. & 67.1%, EZE LY |E = 371.5 ug/mol A
128.5 ug/m'E 65.4%, Xylene2 435.6 ug/wol A 189.7 ug/
'R 56.5% @Akl Axpo] 79 Aol UHE ¢ H9-¢
372 3 7S VOCs ¥ Aldehydesd] % X7t A%
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