=37 2 2] ATA(AM53),573~580,1998
J. of the Korean Environmental Sciences Society

Okl

71" z83¥X s 537 RS 3I1E ot

A
HEste gAZEn)
(1998\ 19l 21 HF)

Evaluation of Air Quality Inside Passenger Car with Operating
Air Quality System

Wan-Kuen Jo and Kun-Ho Park
Dept. of Environmental Engineering, Kyungpook National University, Taegu, Korea
(Manuscript received 21 January 1998)

This study examined the carbon dioxide (CO,) pollution inside vehicles under low ventilation condition
and evaluated the Air Quality System (AQS) for in-vehicle air quality using two techniques. The low ven-
tilation condition is not recommended in order to keep oxygen-rich condition inside vehicles. Under the
low ventilation condition, the in-vehicle CO, concentrations exceeded 1,000 ppm, the air quality guide-
lines in the United States, Western Europe, and Japan, indicating more oxygen deficiency inside vehicles.
On the contrary, with the AQS-on condition, the in-vehicle CO, concentrations were less than 1,000 ppm
for most of the driving time, indicating that the AQS could solve the problem of CO, accumulation inside
vehicles under the low ventilation condition.

The AQS test conducted by comparing carbon monoxide (CO) and volatile organic compound (VOC) con-
centrations inside two vehicles indicated that the AQS effectively decreased the in-vehicle concentrations
by 21 to 36%, as compared to medium ventilation condition with the windows closed, the vent opened,
and air conditioning on. In addition, The AQS test conducted by comparing the interior and exterior con-
centrations indicated that the AQS effectively decreased the in-vehicle concentrations by 18 to 31%, as
compared to medium ventilation condition.

Key words : Air quality system, carbon dioxide, carbon monoxide, vehicle, volatile organic compounds

1.4 2 U.S. EPA, 1990).

A2 WS 2ol TA 7)Y FQR 2dUe d4bsiel s (CO) =3 A i 3-9] & F=o 54
2 aAge] o}t AHA Tael B 35 A7 dFEol VOCs n£3) olEe AF F44 COd dig
oA A AT Be BAL T Ytk AEA T xFo] B FA1E Tl $irh Brices} Roesler (1996)
P22 F A F71 B4 (volatile organic com- 7} P1F¢} ofAl A Aol mE-sFe] B A7l 3
pounds, VOCs)& A8 W39 £& ¥ 54 aff & Widd §51Ee CO k& A 47 &
o, 32, VOCsdl| ot A3 '%’“XM xZe] =9  #qZ AHel gt} o]& Ao, VOCse] o+ Aw}e}
FA A e 2ty gk 99 A2 ATEE (Chan #FAHAL Ag U39 CO =7} A9 4t 7] &
et al., 1991a; Chan et al,, 1991b; Weisel et al., FAdli 2% CO sEnc} AF3F] EA vehwrt
1992; Dor et al., 1995) AFE3}of A wlE5 &= VOCse] 229 g AR a7 x (Ziskind et al, 1982;
A YResrst Qu oiy] 59 84 =7 ¥t Johnson, 1984; Ott, 1984; Akland et al., 1985;
o3 st FuelA = Jog} Chot (1996)7F &5  Ott et al,, 1988), du} tFFo] A7 Fo CO =&
24 g 59 VOCs &g §7hat Ho] gl o] 5 wshe A oA, AFA g5l &% CO &) 7t
VOCs®] tli£o] benzenes} o] welEAR efx # ¥ 7122 Busddd.

QA i WelEA e oAle e L9 EA ] olgl gt AEAL iE LAEAL HF =ES F
o] (International Agency for Research on Cancer, 7| #91% AZFo2A F 72| wA7|&e] S84 5 3
1987), Q3 VOCsE& AL gl Aoz a4 o 3 WA 7|e2Ms TPAFe FPH 2R o8 7}
olt} (Wallace, 1986; Tancrede, M.R. et al., 1987; %% a4 F7|ASAAE MHAste Zelct a2y

573



284294435
Sensor under Micro On-Off Air Inlet On-Off
Hood __|Controller __IController __{Flap *_tAh"gltlggngln

Fig. 1. AQS block diagram.

Table 1. Summary of traveling scheme

Experiment Car Type

Compound No. of sample

AQS on AQS off

Experiment 1 Sonata I1 interior

Experiment 2 Sonata 11 interior

(Method 1)

Prince® interior

Experiment 2 Sonata II interior

(Method 2)

Sonata 11 exterior
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2the number of samples collected under low ventila}:cion condition with the windows and vent

closed, and air conditioning on medium strength.

AQS on or off denotes the AQS condition of

Sonata II which was driven with Prince in tandem.
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Fig. 2. Invehicle carbon dioxide concentration vari-

ation with one occupant under AQS-on
condition and AQS-off condition with low
ventilation condition (the windows and
vent closed, and air condition on).
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Fig. 3. Invehicle carbon dioxide concentration vari-
ation with two occupant under AQS-on
condition and AQS-off condition with low
ventilation condition (the windows and
vent closed, and air condition on).
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Table 2. Mean CO(ppm) and VOC concentrations (gg/ m’) inside two vehicles®

Compound AQS off AQS on

Prince Sonata II Prince® Sonata II
CO 5.2(2.3) 4.8(1.9) 5.0(2.5) 2.8(1.1)
Benzene 42.5(31.2) 39.9(15.7) 41.2(14.3) 26.6(12.4)
Toluene 52.3(33.6) 49.1(27.2) 64.4(23.4) 40.5(17.1)
Ethylbenzene 9.7(5.4) 8.3(3.8) 10.5(6.2) 6.8(3.5)
O-Xylene 12.4(7.7) 11.3(3.2) 14.5(4.3) 8.7(3.1)
M.P-Xylene 23.3(8.7) 21.7(9.3) 27.0(7.4) 17.6(5.3)

’the number of sample was 10 for each compound of each of four conditions (two vehicles with
two ACD conditions): two test vehicles were driven in tandem. Parentheses indicate standard

deviations. PAQS was not installed in Prince.
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Fig. 4. Invehicle carbon dioxide concentration vari-
ation with three occupant under AQS-on
condition and AQS-off condition with low
ventilation condition (the windows and
vent closed, and air condition on).
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Fig. 5. Invehicle carbon dioxide concentration vari-
ation with four occupant under AQS-on
condition and AQS-off condition with low
ventilation condition (the windows and
vent closed, and air condition on).
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Table 3. Concentration ratio of in-Sonata I .to in-
Prince and the AQS efficiency”

Compound Sonata II/Prince Ratio
AQS off AQS on  AQS Efficiency, %

CO 0.92 0.56 36
Benzene 0.94 (.65 29
Toluene 0.94 0.63 31
Ethylbenzene 0.86 0.65 21
O-Xylene 0.91 0.60 31
M. P-Xylene 0.93 0.65 28

?AQS on and off conditions correspond to Sonata II only.
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729 WS VOCs] %4 Ax 53 o] 443 Ul
F71% WEF VOCs x4 43S vl o8 U
9 EYAHQ A4l 71 2R 3"

3.3 AU Y- F7]A dgel dizt AQS A&

AQSE FFAIR A3t AQSE AFANA 42 A
$ol 3l AQS7} AEE A (Sonata M) W39}
AeF o a2l LG EA L FEALO]E v ¥4t
Ay F71A dAdel dis) AQSe] E&ES sk
oAb R AlEs} A gF ARe FAC A 2
A=At 249 AF) WY F ¥ FEE Table
49 goFste] el sl AQSyE AX|A g2 97 =
Ao, A A 24 E4 FolA CO9 HEFE7]
2 i got o Fofl A 747} 5.7 ppmt 7.1 ppme 24
744 ¥A vebgch 24 94 VOCsF A& to-
luene®] HF ¥Est A W9t & 3el 22 46.6
pg/m°s} 49.0 pg/m° 24 714 A ebtel AQS
£ AFAIA e AS-2l viny of AQSE 2547
Sl A Wi A o) Rate] ] FmApe)7t F A
©2 Jehytth Table 50 Jehd vle} 7o) AQS7}
FHA 9e 2213 v 2 o AQS7H A5 22 lA

Table 4. Mean CO(ppm) and VOC concentration (yg/ m) inside Sonata 1 and in roadway air®

Compound AQS off AQS on
In-Veh Road In-Veh Road

(o]e; 5.7(2.2) 7.1(2.7) 3.7(1.3) 6.9(2.9)
Benzene 32.0(12.2) 34.1(10.7) 17.8(6.3) 27.6(10.9)
Toluene 46.6(21.7) 49.0(19.3) 26.3(7.4) 41.3(15.8)
Ethylbenzene 10.0(3.2) 12.0(3.7) 5.8(2.4) 8.9(2.7)
O-Xylene 12.5(4.3) 14.1(3.8) 7.1(2.1) 11.5(2.6)
M.P-Xylene 18.8(3.9) 20.6(4.7) 12.1(2.2) 18.6(3.5)

®the number of sample was 10 for each compound of each of four conditions (in-vehicle and
roadway under ACD off condition and in-vehicle and roadway under ACD on condition):

the in-vehicle and roadway concentrations were simultaneously determined.
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Table 5. Concentration ratio of in-Sonata 1 to
roadway air and the AQS efficiency

Compound In-Sonata II/Road
AQS off AQS on  AQS Efficiency, %

CO 0.80 0.54 26
Benzene 0.94 0.64 30
Toluene 0.95 0.64 31
Ethylbenzene 0.83 0.65 18
0O-Xylene 0.89 0.62 27
M.P-Xylene 0.91 0.65 26

v &4 dAedEAY AF WYEEst 18%6A
31%7t2] Zo€ Ao vebgel. olejd Ade 2
o] 18%4¢l ethylbenzeneg A ¢j3lie xtep|it 37)
A gAbel) 3 AQS HE7} 18] Aspel & Aelsl ¢
£ 722 eyt Table 5o Yeld AQSe] &g
ol €] 4] (2)& o] &3} A4t= ).
£ ={(1-R,,) - (1-Regl} X 100 = (Reg - Ryn) X 100 (2)
1714 e AQSS F&(%) R, AQSY} BFFd
w} Sonata II #]% ¥ = 3} Sonata I W3 FEH],
28] Ry AQS7E 355 A %4 o) Sonata I )
% ¥ Sonata I W F=u]E el
AQS7} AHE3Al ¢S A% A% WlF VOC Fxe
T 249 VOC X & o7} g Aoz Jelyt
o} ol Adte AR A8 FYA dAle) AR X
ZWHE 2dxs] £2A L9EE vIT HIY
Lawryk (1994)8] 7 A sts} dA3tgin, =249 2
=7t A% WY LHEE FAA}E F8 QAL
ehdch & dFe] o] §8 A2} F off 25 A AR F
4] <lzle] A& e} ¢, Lawryk (1994)2 car-
buretor] <llxle} B&AH g B ed s Al
#urE]le] L2 = VOCs7) 3be W12 M Esle T2A}
9 249x8 ¥& 4 ok AHFHAS. w2, F
W] carburetord] A A Afde & A7 ¢
£ AA7) vebd % Q& Hes 4.

4.2 &

£ A7 WEAedA EqsE AR iy COo,
2dxs Al Xk R 271" HAabe) oijt
AQS2 &&& F 7HA Wil QA A3Her Hr)
shsich A W3l 22 2 AHE 24717 3]
A G ek 8] 2AQ W) AL vl 5k
23 Aoz vepdel. Wy 2ANAE s Wt 4
A FE842 JehilEs CO90l 7 v, A4y 2
9] Ay #7114 4% 71£4 < 1,000 ppme Y4
Z7}stsic}. whdell, AQS7L AH5E 97 2AQME 2
2 W4-9] CO, ¥E=71 A ti3# 1,000 ppmE {=]
orgtoh. mebA, WrlzAe s Q¥ g e Aka
RE FAE AQS}F HAY 4 e AL eyl
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