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Abstract

The purpose of this study is was to evaluate the applicability of statistical quality
control to the ozone precursor monitoring data and to perform source evaluation using
the quality control data. The statistical quality control was applied to step by step,
random error, systematic error, outlier removal, and instantaneous change removal.
Relative standard deviation was decreased in during the outlier removal step, and it was
similar or even increased but was comparable or greater when the instantaneous change
value was removed. As observed from the results of a principal component analysis
(PCA), the raw data did not explain the emission characteristics. However, after
removing the outlier data and the instantaneous fluctuation value, the data explained the
emission characteristics well. Further, in case of managing to the instantaneous
fluctuation value, when the average instantaneous fluctuation value is reduced by 8%, it
is supposed that the quality control of the outlier removal is considered appropriate.

As a result of a PCA to estimate qualitative emission volatile organic compound
sources of VOCs, four factors were obtained : 1) solvents usage I(toluene, and
ethylbenzene, etc.), 2) gasoline evaporation factor, 3) vehicle exhaust emissions, and 4)
solvent usage 2(hexane, etc). Principal component analysis, however, is a qualitative
source estimation method, quantitative contribution evaluation by statistical methods such
as PMF(positive matrix factorization) and APCS(absolute principal component analysis)
will contribute to the establishment of atmospheric policies for ozone reduction and

ultrafine dust reduction in the Seoul area.
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Table 1. The analytical conditions of automatic thermal deserver(ATD)/GC for VOCs
ATD-400
Oven temp. 100TC Split(inlet) no(zero)
Cycle Time 60 min Min psi 42 psi
Trap Low Temp -15C STD Inj. Time 40 min
Trap High Temp 325C Nefion Drier Flow 250 mL/min
GC/FID
Oven temp 46C (hold : 10 min) Oven temp 170C
Detector Temp 250C Detector Temp 250C
Mid Pressure 17 psi Mid Pressure 1.8 mL/min
Column Type Alumnia PLOT(0.32 mm x50 m), BP-1 (0.32 mm x 50 m x 1 m)
Table 2. Statistical quality control method for real time VOCs data
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Table 3. Statistical summary of the concentrations for 15 VOCs before and after QA/QC
Raw data Q1 Q2 Q3 Q4
Mean RSD Mean  RSD Mean  RSD Mean  RSD Mean  RSD
tVOCs(ppmC) 0.1398 68.7 0.1398 68.7 0.1398 68.7 0.1336 65.0 0.1287 65.6
Toluene 0.0347  101.7  0.0347 101.7 0.0347 101.7 0.0327 95.3 0.0310 95.4
Propane 0.0112 70.5 0.0112 70,5  0.0112 70.5 0.0109 69.5 0.0106 69.8
n-Butane 0.0099 79.2 0.0099 179.2  0.0099 79.2 0.0096 76.1 0.0093 77.1
Ethane 0.0083 69.7 0.0083 69.7 0.0083 69.7 0.0082 69.2  0.0080 69.8
m/p-Xylene 0.0082  103.9 0.0082 103.9 0.0082 103.9 0.0079 99.1  0.0075 98.9
Ethylbenzene 0.0067  109.7  0.0067 109.7 0.0067 109.7 0.0064 96.9  0.0061 98.1
Hexane 0.0060 78.2 0.0060 78.2  0.0060 78.2  0.0057 72.3  0.0055 73.3
Isobutane 0.0058 76.5 0.0058 76.5  0.0058 76.5 0.0056 70.9  0.0054 72.2
I[sopentane 0.0047 76.8 0.0047 76.8  0.0047 76.8 0.0045 73.7 0.0044 74.6
n-Pentane 0.0037 76.7 0.0037 76.7  0.0037 76.7 0.0035 74.9 0.0034 75.7
o-Xylene 0.0032 94.2 0.0032 94.2 0.0032 94.2 0.0031 90.7  0.0029 90.8
Ethylene 0.0030 73.6 0.0030 73.6  0.0030 73.6 0.0030 72.9 0.0029 72.9
Benzene 0.0030 62.6 0.0030 62.6  0.0030 62.6 0.0030 62.8 0.0029 63.1
Methylcyclopentane ~ 0.0024  138.2  0.0024 138.2 0.0024 138.2 0.0021 108.0 0.0021 109.5
2-Methylpentane 0.0018 116.0  0.0018 116.0 0.0018 116.0 0.0016 83.1  0.0015 84.4
Propylene 0.0017 49.7 0.0017 49.7  0.0017 49.7  0.0017 48.9  0.0017 48.6
No. of valid data 7465 7465 7465 7203 6538
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Sources Fraction(%) Emission(kg)
Mobile sources " 15.19 10,068,661
Solvent Usage ” 81.91 54,297,071
Energy transport and storage(gas station) ” 0.59 392,334
Other * 3.61 1,531,434

Total 66,289,500

1) on-road and off-road emission.
2) Solvent usage :
3) Energy transport and storage

paint usage, printing, dry cleaning, pavement

4) Area sources, non-industry sources, energy industry, manufactor combustion, waste treatment
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Table 5. Principal components analysis of VOCs before and after QA/QC

Raw data QA/QC 3 data QA/QC 4 data

PC1 PC2 PC3 PC4 PC5 PC1 PC2 PC3 PC4 PC1 PC2 PC3 PC4

Ethylene 0.167 0.778 -0.141 0.131 0.024 0.402 0.443 0.694 0.041 0.402 0.459 0.690 0.046
Acetylene 0.086 0.260 0.734 0.123 0.075 -0.554 0.266 0.552 0.121 -0.546 0.284 0.547 0.135
Benzene -0.125 0.197 0.412 0.686 0.038 0.193 0.069 0.799 0.225 0.186 0.074 0.805 0.227
Isobutane 0.498 0.632 0.305 -0.106 0.193 0.354 0.807 0.285 0.186 0.356 0.812 0.285 0.192
n-Butane 0.485 0.562 0.382 -0.086 0.169 0.215 0.823 0.145 0.160 0.219 0.832 0.140 0.165
Isopentane 0.746 0.340 0.174 -0.195 0.140 0.194 0.742 0.215 0.286 0.205 0.734 0.222 0.308
n-Pentane 0.528 0.550 0.212 0.060 0.183 0.294 0.686 0.310 0.329 0.300 0.676 0.321 0.347
Toluene 0.537 0.196 -0.037 0.409 0.157 0.714 0.230 0.137 0.447 0.715 0.239 0.139 0.454
Ethylbenzene 0.742 0.197 0.028 0.292 0.112 0.801 0.275 0.033 0.266 0.797 0.278 0.022 0.278
m/p-Xylene 0.856 0.203 0.102 0.220 0.114 0.850 0.282 0.072 0.206 0.851 0.283 0.062 0.219
o-Xylene 0.901 0.089 0.140 0.056 0.093 0.859 0.274 0.063 0.216  0.859 0.274 0.053 0.228
Ethane 0.074 0.869 -0.080 0.123 0.056 0.205 0.546 0.703 0.065 0.198 0.555 0.701 0.069
Propane 0.273 0.799 0.164 0.115 0.251 0.275 0.690 0.554 0.167 0.271 0.699 0.556 0.174
Propylene 0.055 0.546 0.144 0.144 -0.012 0.374 0.511 0.620 0.066 0.381 0.521 0.609 0.066
2-Methylpentane 0.137 0.080 0.176 -0.040 0.831 0.259 0.517 -0.053 0.555 0.265 0.515 -0.053 0.555
Hexane 0.097 0.107 0.373 0.664 0.281 0.202 0.189 0.346 0.606 0.199 0.194 0.344 0.620

Methylcyclopentane 0.097 0.230 -0.100 0.380 0.627 0.214 0.167 0.096 0.814 0.219 0.165 0.106 0.809
Cyclohexane 0.079 0.066 0.061 0.211 0.870 0.315 0.231 0.095 0.807 0.310 0.227 0.091 0.808
Methylcyclohexane 0.273 0.113 -0.009 0.695 0.153 0.625 0.120 0.103 0.514 0.622 0.119 0.097 0.515
n-Nonane 0.630 0.310 -0.216 0.226 0.018 0.842 0.254 0.219 0.198 0.847 0.260 0.217 0.199
m-Ethyltoluene 0.500 0.224 -0.665 0.037 -0.067 0.777 0.277 0.090 0.115 0.777 0.275 0.082 0.114
1.3,5-Trimethylbenzene 0.379 0.006 0.300 0.229 -0.034 0.812 0.172 0.229 0.197 0.805 0.165 0.230 0.202
1.2,4Trimethylbenzene 0.796 0.117 0.168 0.129 0.043 0.853 0.236 0.200 0.197 0.855 0.235 0.197 0.199
n-Decane 0.422 -0.018 0.669 0.224 0.109 0.786 0.043 0.225 0.181 0.785 0.040 0.230 0.173
1.2,3-Trimethylbenzene 0.413 0.151 0.533 0.174 0.009 0.774 0.361 0.194 0.143 0.775 0.364 0.190 0.146

n-Undecane 0.774 0.065 0.018 -0.172 0.046 0.835 0.151 0.170 0.150 0.838 0.152 0.166 0.140
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