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Abstract A real-time quality control algorithm for PM;, concentration measured by Continu-
ous Ambient Particulate Monitor (FH62C14, Thermo Fisher Scientific Inc.) has been devel-
oped. The quality control algorithm for PM;, data consists of five main procedures. The first
step is valid value check. The values should be within the acceptable range limit. Upper
(5,000 ug m™) and lower (0 ug m™) values of instrument detectable limit have to be elimi-
nated as being unrealistic. The second step is valid error check. Whenever unusual condition
occurs, the instrument will save error code. Value having an error code is eliminated. The third
step is persistence check. This step checks on a minimum required variability of data during a
certain period. If the PM,, data do not vary over the past 60 minutes by more than the specific
limit (0 pg m™) then the current 5-minute value fails the check. The fourth step is time conti-
nuity check, which is checked to eliminate gross outlier. The last step is spike check. The
spikes in the time series are checked. The outlier detection is based on the double-difference
time series, using the median. Flags indicating normal and abnormal are added to the raw data
after quality control procedure. The quality control algorithm is applied to PM;, data for Asian
dust and non-Asian dust case at Seoul site and dataset for the period 2013~2014 at 26 sites in
Korea.
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Table 1. Summary for quality control algorithm of observation data of reference.

Reference Range Step Consistency Persistence Spatial

Fiebrich and Crawford (2001) O O x O O

Feng et al. (2004) O x O X O

Lanci and Lussana (2009) O x O x O

Liljegren et al. (2009) O x O x O

Lee et al. (2010) O x O O O

KMA (2011) O x O O O

Nie et al. (2012) O x O X O

Jiang et al. (2013) O x O O x

Chae et al. (2014) O O O O x
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Fig. 1. The location of selected PM; station for this study.
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Table 2. Information for the observation by stations (as of the end of 2014).

. Time for beginning Time for instrument Time for station

. Altitude . 1 .2

Station (m) of observation replacement relocation
(year.month.day) (year.month.day) (year.month.day)

Sokcho 18.06 2006.12.21 - -
Gwangdeoksan 1,066 2004.05.29 2014.12.29 -
Daegwallyeong 772.57 2005.06.14 - -
Chuncheon 77.71 2006.12.21 - -
Baengnyeongdo 144.86 2003.04.16 2013.12.06 -
Seoul 85.8 2008.05.13 - -
Ulleungdo 222.8 2005.06.14 - -
Gwanaksan 622.38 2003.04.16 2013.12.26 -
Suwon 34.06 2008.05.13 - -
Yeongwol 240.6 2007.02.26 - 2011.09.15
Uljin 50 2005.06.29 2005.11.20 -
Chupungnyeong 244.73 2004.07.15 2014.12.29 -
Andong 140.1 2007.02.26 - -
Gunsan 23.2 2003.04.16 2013.12.06 -
Daegu 64.08 2007.02.26 - 2014.12.05
Jeonju 534 2008.05.13 - -
Ulsan 34.57 2008.05.13 - -
Gwangju 72.38 2004.07.15 2014.12.29 -
Gudeoksan 518.46 2005.06.29 - -
Heuksando 76.49 2003.04.16 2013.12.06 -
Jindo 476.47 2008.05.13 - -
Gosan 74.29 2003.04.16 2013.12.26 -
Jinju 30.21 2007.02.26 - -
Ganghwa 47.01 2003.04.16 2013.12.06 -
Gyegryelbi-do 103.56 2004.12.24 2014.12.29 -
Cheonan 81.5 2004.07.15 2014.12.29 -
Yeonpyeong-do 20 2014.12.29 - -

'Replacement of same type instrument.
*Relocated within observation field of same station.
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A wA GARD ASHLATA Arbe #571719 %= F=7t Atk error status = 5 40°, ‘807,
#A=ZHAE "YolUsRA] 475 A= Aol & wamning status ZE 5 ‘04’, ‘10°, ‘80°, operating
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Time Failed
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Failed
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Table 3. Status code of PM,, instrument.

o HAWFHS YAXNZ Y] FAAAL] A
3QTh B o=
Zahumensky (2004)2] A1 E F&3lo] 7] 117+ F
ok PMy, T2 MEHo] 091 A% 2F/7F vk
wsto] ojpAtE R RS
Ul A SAIRL A7 A& AAe BE AR
ol# A& AAZ] Sl AlZke] AEHAFES HARH=
Zlolt}, o] @AM Jiang et al. (2013)14] AL
FAHE S AR ()~Q2)]. A7F 2 (2)0l
A TR mETE AV oW I ke Aol
I3 ATk AR B RE Adshe Ve
Jiang et al. (2013)°] AAJg AL AE-SHATH

A =min|PM;(#) — PM,(¢ £ 1) (1)
m(f) = 50 + 0.15PM(7) )

259 BEEAGS TUHIIE T8 AU F9
St A7k W9le g s EAslE L/ #tel
o}k oAl WA DA A= Papale et al. (2006)7 A}
23k W o] F2-AUlH X (Median Of Absolute
Deviation; MAD)E °]&3l H& 748 AAIE T
7ol AEHAA PMy, AFES] AolE o]&3t 2(3)
I 7Fo] 45 T3 F (4] 2AL ki A
#o2 Asigith. 94714 Mde 23)lA & g9
F7+ Folm, MADE 2(5)°] W= HolHr

d= (PM;o(t) = PMyo(t — 1)) = (PM(# + 1) = PMyo(9)) (3)

Error status

Warning status

Operating status

00 Normal operation 00

Normal operation 00

Normal operation

01 Sum status of the data and 01
program memory

Maximum pump power 01

Mechanical filter change

Sum status of sampling and

Mass limit is exceeded;

Plateau check and zero

02 measuring system 02 filter change will follow 02 adjustment of the mass (R°)
04  Sum status of pressure sensors 04 Not used 04 Not used
08 Sum status of air flow 08 Relative Humidity > 08 Pump switched off

regulation

(RH Set point + 10%)

10 Sum status of the 10
sample heater

Not used 10

Manual operation
(off-line, keyboard enabled)

Sum status of temperature

Compensation of the

20 measutement 20 mass signal > + 5% 20 Calibration enabled
Two consecutive plateau checks
40 Reserved 40 are wrong during filter change: 80 Power supply switched on
Rref/R1 <30% or >70%
80 Not used 80 Not used

Atmosphere, Vol. 26, No. 4. (2016)



546 FRHENSA71(PM,) B35 A7 AAT F43E] eS¢ 97t

Table 4. 2 x 2 contingency table.

MQC
QC Abnormal Normal
Abnormal Hit (a) False alarm (b)
Normal Miss (¢) Correct negative (d)

d>Md - (zxMAD) == d<Md+ (z+MAD) (4)
MAD = median(|d — Md|) 5)
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Fig. 3. Change of concentration for PM,, during Asian Dust event period in 18~19 March 2014. Line indicates normal data and
markers indicate flagged data.
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Fig. 5. Change of concentration for PM,, during non-Asian Dust event period on 15 May 2009. Line indicates normal data and
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Table 5. Frequency and ratio of flagged data for PM,, by step.

ZFEEEY daEE e g

Case 18~19 March 2014 8 September 2008 15 May 2009

Step Frequency Ratio (%) Frequency Ratio (%) Frequency Ratio (%)

I 0 0.0 15 5.2 0 0.0

I 2 0.2 12 42 15 5.2

I 0 0.0 0 0.0 0 0.0

v 0 0.0 1 0.4 0 0.0

v 0 0.0 0 0.0 0 0.0

Table 6. Skill score of quality control by observation stations.

Station Hit False alarm Miss Correct negative ACC POD FAR CSI
Sokcho 1,919 1,120 57 201,673 0.99 0.97 0.37 0.62
Gwangdeoksan 16,901 6,301 135 181,911 0.97 0.99 0.27 0.72
Daegwallyeong 6,998 238 99 195,557 1.00 0.99 0.03 0.95
Chuncheon 3,900 8,633 0 184,364 0.96 1.00 0.69 0.31
Baengnyeongdo 5,977 1,646 62 194,041 0.99 0.99 0.22 0.78
Seoul 3,023 832 40 200,208 1.00 0.99 0.22 0.78
Ulleungdo 18,525 2,708 47 179,630 0.99 1.00 0.13 0.87
Gwanaksan 9,454 27,661 164 166,138 0.86 0.98 0.75 0.25
Suwon 1,917 1,661 33 203,409 0.99 0.98 0.46 0.53
Yeongwol 2,688 604 59 190,700 1.00 0.98 0.18 0.80
Uljin 2,980 238 76 204,312 1.00 0.98 0.07 0.90
Chupungnyeong 5,355 669 31 197,652 1.00 0.99 0.11 0.88
Andong 1,613 325 93 205,500 1.00 0.95 0.17 0.79
Gunsan 1,675 388 199 202,061 1.00 0.89 0.19 0.74
Daegu 3,499 14,734 136 188,111 0.93 0.96 0.81 0.19
Jeonju 2,327 9,754 28 182,187 0.95 0.99 0.81 0.19
Ulsan 2,192 2,313 27 195,418 0.99 0.99 0.51 0.48
Gwangju 7,574 1,469 29 188,473 0.99 1.00 0.16 0.83
Gudeoksan 17,405 2,173 307 175,772 0.99 0.98 0.11 0.88
Heuksando 3,731 713 33 198,628 1.00 0.99 0.16 0.83
Gosan 8,574 1,113 153 190,880 0.99 0.98 0.11 0.87
Jinju 2,955 1,170 63 201,874 0.99 0.98 0.28 0.71
Ganghwa 2,415 983 246 201,144 0.99 0.91 0.29 0.66
Gyegryelbi-do 6,648 5,809 61 184,508 0.97 0.99 0.47 0.53
Cheonan 4,428 12,365 30 184,120 0.94 0.99 0.74 0.26
Jindo 7,122 6,239 24 186,522 0.97 1.00 0.47 0.53
Average 5,838 4,302 86 191,723 0.98 0.98 0.34 0.65

AARNA 1270, AIZE %A ZHAMIA 1707F HEE
Atk EHEE2AGN 2 #A20] E715E Opg m”
o]&le] ZHe 7183 144] 558~154] 50871X)9F &
Zo0] o]|FofRA] o} gho] 7EEA| 2 Ay L=
HESHA HAtA o7 #oZ AESHAUT ol Al
74 HlE =L PM,, EEE HolE 13A] 508~144]
S027kA19] 717F <t 71718 AARNA Q57 Fhol
AEEHAU 144] 5029] 35 o]AA 2] PM T%
o B8] 92 ug m™ o) F7tske] 4HA TAC A7
AEA HAPIA o7 #HoZ HEEHIAUTH
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Table 7. Ratio of flag in case of false alarm by observation stations.
Station Step Step 1 Step I Step 111 Step IV Step V
Sokcho 0.1 95.5 0.0 0.3 4.1
Gwangdeoksan 0.0 98.3 0.0 0.0 1.7
Daegwallyeong 0.0 68.5 0.0 0.0 31.5
Chuncheon 0.0 99.4 0.0 0.0 0.5
Baengnyeongdo 0.0 61.9 0.0 0.4 37.7
Seoul 0.0 91.8 0.0 0.1 8.1
Ulleungdo 0.1 91.7 0.0 0.3 7.9
Gwanaksan 0.0 99.6 0.0 0.1 0.3
Suwon 0.0 94.3 0.0 0.2 5.5
Yeongwol 0.0 743 0.0 0.0 25.7
Uljin 0.8 56.3 0.0 0.0 429
Chupungnyeong 0.0 92.2 0.0 0.0 7.8
Andong 0.0 84.6 0.0 0.0 15.4
Gunsan 0.0 84.5 0.0 0.0 15.5
Daegu 0.0 99.4 0.0 0.0 0.6
Jeonju 0.0 99.5 0.0 0.0 0.5
Ulsan 0.0 97.8 0.0 0.1 2.1
Gwangju 0.0 94.3 0.0 0.1 5.6
Gudeoksan 0.0 93.0 0.0 0.5 6.5
Heuksando 0.0 84.0 0.0 0.4 15.6
Gosan 0.0 99.2 0.0 0.0 0.8
Jinju 0.0 88.0 0.0 0.3 11.8
Ganghwa 0.1 63.4 0.0 0.1 36.4
Gyegryelbi-do 0.0 94.9 0.0 0.0 5.1
Cheonan 0.0 99.7 0.0 0.0 0.3
Jindo 0.0 99.2 0.0 0.0 0.8
T AU SEAY] LSS A8t FEAANE Follth FEAAL 734 LFE Ao, MQC
AAERlon, %é‘@*} A3 BEAD PMy 2= A AN E AR S HYERE False alarm®] 3l
o ANoR ORI YE HE 0F R W B FE 238-27,66182 A Hnlth o]z} UATh False
Fs desto L}EHH ATHFig. 5). alarm®] Wi FEAE] A3 717102 Al
of® Aed Azt AA 2890 F F 142 eRE Augon MQC ARAME 3 499
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