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Abstract

The hourly volatile organic compounds(VOCs) concentrations between 2005 and 2008 at Bulgwang photochemical
assessment monitoring station were investigated to establish a method for quality assurance and quality
control (QA/QC) procedure. Systematic error, erratic error, and random error, which was manifested by outlier and
highly fluctuated data, were checked and removed. About 17.3% of the raw data were excluded according to the
proposed QA/QC procedure. After QA/QC, relative standard deviation for representing 15 species concentrations
decreased from 94.7-548.0% to 63.4-125.8%, implying the QA/QC procedure is proper. For further evaluation about
the adequacy of QA/QC procedure, principal components analysis(PCA) was carried out. When the data after QA/QC
procedure was used for PCA, the extracted principal components were different from the result from the raw data and
could logicaly explain the major emission sources(gasoline vapor, vehicle exhaust, and solvent usage). The QA/QC
procedure based on the concept of errors is inferred to proper to be applied on VOCs. However, an additional QA/QC
step considering the relationship between species in the atmosphere needs to be further considered.

Keywords : Volatile organic compounds, Quality assurance and quality control, Sampling and analysis error, Statistical
error anaysis
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Fig. 1. Temporal variation of 15 highest VOCs concentration (raw data): (a) toluene, (b) m/p—xylene,

(c) o—xylene, (d) ethylbenzene, (e) n—hexane, (f) propane, (g) ethane, (h) n—butane, (i) i—butane, (j)
n—pentane, (k) i—pentane, (I) ethylene, (m) acetylene, (n) benzene, and (o) 2—methylpentane.
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Fig. 2. Time series plots of the concentrations before (left) and after (right) removing outlier of 15 highest
VOCs: (a) toluene, (b) m/p—xylene, (c) o—xylene, (d) ethylbenzene, (e) propane, (f) ethane, (g)
n—butane, (h) i—butane, (i) ethylene, (j) i—pentane, (k) n—hexane, () acetylene, (m) benzene, (n)

n—pentane, and (o) 2—methylpentane.
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Fig. 3. Time series plots of the concentrations before (left) and after (right) removing the data with

high instant variation of 11 VOCs representing major emission sources: (a) gasoline vapor, (b)

vehicle exhaust, and (c) solvent usage.
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Table 1. Statistical summary of the concentrations for 15 VOCs between 2004 and 2008 during stepwise QA/QC.
(unit : ppbC)
Species Raw data® QA/QC Step 17 QA/QC Step 27 QA/QC Step 3¥

Toluene 435 + 127.1 29-*(365 6‘)‘5-0 27-9(’6i 57-4 25-253254.0
Propane 155 + 17.9 13.? 8§8§0.5 12.(8821.-6)8.7 11.(%7%0)7.6
n-Butane 122 + 131 10-(686%9)8-9 10-(38;9)7-6 9-?738?.8
Ethane 106 + 10.3 9{9%.2;'8 9.?8%86)3.5 8.?8i6?.6
m/p-Xylene 125 + 55.1 8-326%59-7 7-2(51; | 71)0.1 6.&(3552?2
-Butane 61 x66 5'%84{9;1'1 5'(()85.93'5 4'?7%6?'2
i-Pentane 57 + 6.3 4-?Sé7§f-1 4-?8§8§’-4 4-5(5738?2
Ethylene 51+ 53 4-ng8‘)1-3 4.?8%8§,.6 4_%855?,3
Ethylbenzene 65 + 22.6 4-8(7371)9-3 4-%650?.0 3.@()5374)1.1
Acetylene 39 + 37 3-6(3951?0 3.?85.5?.5 3.:(38411-.1?'3
n-Pentane 37 + 47 3-%8§5§-7 2-5(97305-2 2.?7;5.0
Benzene 29 + 38 2-? 838%-7 2.?7;:.1%.5 2,%7;;.5%,5
o-Xylene 37 + 203 2-7(7’—;.(})8-4 2-?6§5§.3 2.%57¢2§.7
T T A
2-Methylpentane 22 + 33 1-3(98‘{5?-0 1-?855.7 1.?711'9?5

1) Numbers are mean + standard deviation

2) Data after removing systematic error and erratic error
3) Data after removing outlier

4) Data after removing the data with high instant variation

The data in parentheses is the fraction in percent compared to the number of raw data
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0.23
0.33
0.67
0.25
0.15
-0.10
0.12
0.11
0.10
0.10
0.13
0.87
0.95
0.93
9.8

PC3

PC2
0.13
0.10
0.33
0.20
0.18
0.77
0.90
0.86
0.79
0.36
0.28
0.75
0.07
0.06
0.06
17.9

QA/QC data”

PC1
0.70
0.77
0.72
0.45
0.87
0.19
0.06
0.17
0.31
0.78
0.82
0.37
0.31
0.15
0.19
489

0.28
0.14
0.18
041
0.10
0.14
0.00
0.11
0.09
0.07
0.06
0.18
0.96
0.94
0.90
7.8

0.10
0.34
0.46
0.07
0.50
0.53
0.88
0.84
0.79
0.69
0.66
0.62
0.07
0.07
0.09
17.0

pc2?

Raw data

e

0.85
0.82
0.79
0.76
0.74
0.61
0.03
0.26
0.31
0.58
0.59
0.60
0.08
0.24
0.27
56.4

pc1?

Species
n-Hexane
2-Methylpentane
i-Pentane
Benzene
Ethane
Ethylene
Acetylene
i-Butane
n-Butane
Propane
Ethylbenzene
m/p-Xylene
o-Xylene
% of Variance

Toluene

n-Pentane

The data in bold is the significant for each principal component.

2) Second principal component
3) Third principal component

1) First principa component
4) Source: Shin et a. (2011)

Table 2. The result of principal components analysis.
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