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Abstract  Organic and elemental carbon (OC, EC) have been measured and monitored widely in the word, but a standard
optimal procedure is scarce. This study developed a standard procedure for quality assurance (QA) for OC and EC semi-
continuous measurements, based on observational data collected in Ansan, Gyeonggi for a year. The QA process consists of a
total of eight steps, including limit of detection (LOD) check, internal consistency check, and laser-temperature variation
correction check. Negative value check, limit of detection check, and persistence check were applied to OC and EC
concentrations, while internal consistency, confidence interval, and step check targeted TC concentrations. Each result was
flagged as “valid, “check” or “error” Data that failed the tests were generally marked as “error,’ while some tests, such as limit of
detection check and step checks, allowed for “check” classifications considering aerosol characteristics. Out of a total of 7,958 raw
data entries, 1,402 (17.6%) were flagged as potential errors based on this QA procedure, mostly coming from the issues of
internal consistency, negative values, or correction factor tests. The internal consistency check had the highest error detection
rate. The proposed QA procedure, reflecting the physical constraints, field relevance, and statistical confidence of carbonaceous
aerosol measurements, is a foundation for establishing standardized quality management (QM) procedures for consistent and
efficient data processing.
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Table 1. Analytical setting of semi-continuous OC-EC field
analyzer at Gyeonggi sampling site.

Carbon . .
Gas fraction Temperature (°C) Time (s)
- 1 10
oc1 310 70
He 0c2 480 60
0oc3 615 60
oc4 840 20
- 0 45
EC1 550 40
He/O
¢/02 EC2 850 105

0OC1~4 are OC sub-fractions, and EC1~2 are EC sub-fractions.
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PM, ; A5 = BAMI1020 (Metone, USA) “4H]
2 Z2HH 855 AMESIH oM, 16.7 L/minS 2 42
=1t e ARg e 255 PM, 5 SR HIEA
o] 7ok 23] A 7Rt AEel feAR ZHE
SRk HIEHd Al7]19] HlES ol-8ste] 1417 1+
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Fig. 1. OC and EC concentrations of field blanks after quali-
ty assurance at Gyeonggi sampling site. The colors indicate
OC (blue) and EC (red).

2 2 ARk (1) 232 AA (2) &5 AA(OC
% EC 71%), (3) @A AAHTC 71%). 16719 543t
I A HApl siEstA] 9= 770] AkmE Al AsH
of F 194719 @4 vt m AA=E ARESHT
ocet ECO 4 Hgsk: Hels 47 03~3.2
(1.3540.60) ugC m™, 0~1.2 (0.06 £0.16) pgC m>°]
om,0C FE 72 5~797} 109of A A o=
Eow, 697t 7] & ¥EdE BT EC 5%
= 790 gt 2 WAool ISEAT(TE 1.
53] OC % EC @7 HiF 5 9] o 54 W72 i
o (L2, 0 F, 7R 7Y
o

oy
Jo] 9t} (Kim et al.,

3
- B Aele EYdor ST 4 9
= "7 &A%t} HETA (Limit of Detection,
LOD)= 57 Aol oJafiA dojl 4%

= 7HeRt Ao Agojnn, gyt og §/NH]|
o] 22~5H) L, B A| = 0] EEHAL 38), Al 2A

|
= A

Hong, 2019). 13U} 2 =204 AMERF &2t =9}
o]l HeAdo] & X v s E Ith2 AHES| A
ot A

, AsE= ¥5H OC 3 EC

J. Korean Soc. Atmos. Environ., Vol. 41, No. 4, August 2025, pp. 685-695



688 O[AfZl, O|20L X8, 0|3 E, AES, M, LTS

Table 2. Comparison of Limit of Detection (LOD) for OC and EC concentration.

LOD Valid data
Method
0C (uC m3) EC (uC m™3) (count) (loss%)

A Instrument 0.4 0.2 6,269 20.8%
B 3 x Standard deviation of blank samples 1.79 0.48 3,996 49.5%
C Seasonal background median (OC) and mean (EC) May t:)::\ZUQUSt Othe: ;:(e)riods 0.06 6,986 11.7%
w7t dEeRE wdE 4 vk o2t HE a1 AEC] MY A2 AvE Eilnh A& ol Y
2ot FARFS ot AEA gk 2As 91 F Ao skl dist ARAdS g+ glon,
ff 37F2] 9ol mbE HEDAE vlusto], A== o] W Fofuljt A7 AAE 4 et weh
£ St Aro] EAEC| 7MY A2 HEWA A oco AEMAE Am 48 M A A
W2 Aotz sholnh wlwet 24zt HEAE ST ghol AAE Al ' Foll 7 AR o2
Sunset At A A|AGE 717] 7 ETHA| (Sunset Labora- ¥ CE AEISHSITE ECOl HETHAI= A=A SRE
tory Inc,, 2018) (A), @ HIFs=o] B 31 3L35te] 7]7] HEMAS] st Abm 48] EC
A ®), 122 Y Higs=l AEAS 1t & O AA 71 B fARE(12.9%) 0.1 ugC m7E
FotE WAL (C)oITh(FE 2). ARES L Y AASH:
(©)2 7B-F, ARt g = HepF FA9 713kt
a7 2 717e s FEsAt dF Al
OCt &% Mt Aoz 34 #=9 d4d 3.2
7171 5~8 € 2] 7|7te® FESH 0™, 10
Hol T=H OC 5o He I FFE A%t 3.1 SAES Hx}
sh7] Qlsh 717HE FYFe R AEIMAIE A=Y 2 =rollA] AAS EHAIZE OC-EC #4719
th ¥ EC BE = 790 Ao r 2 = w3t USAR FEEF(QA) EalEE AR HA -
£ Ko}, OCHT} H| WA AAF 5k Fo|S Ho] &5 AAF- HEWA W= AL - WA LA A4 -
7\7+e RG] G Ydgo R AEAS Ax AT AA - BA AAE - AEAG ZAR - FlolA-=
SFAT. T BAAR & F siAR AT (T1E 2).

37kA] B o2 A&t oCc AdFsr o] AEsHd ZF ©AS HAF Aot AL oAl R/ E Aol
o (A v BEEA s> o EALS Hololglon, AArT} o4 A2E AL 7}
B ooEn AR Te SR W B> WY ST AR wastn,
AGunsetd AZ 771 A& £HE 2 AL Ry R WA AR B2A Ak 2R e Aw
on EC Ao AL v B(dF vl o {57E HAk= 210, OC-EC 2417|194 4t
e F2UA} ) > T A (Sunsetdt A 71717 Hie BE TEghol] dishAl 217 (parameter)ol] AT
Z9A)> P C(@% s ARy me Fgk 9ol ShiRhs A3X9 ARk 0R 2 BRekdr.
2 Hgh) AR GERGTHE 2). 9 A9l oc A A 2A S A= OC % EC A
23 grol Wy crth AgolE oc AFsEe]  EEVIEOR P49 ghe A A SRtk
Stolgt MEART EC A no) slolgt WEAe] Al WA ©AQ AETA BE AAHs oC 9 EC
o Zol, EC A&V 7 Bt iy o Atm & AP/ ASANEY W e HoleA] el
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Fig. 2. Flowchart of quality assurance for OC and EC.
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Table 3. Data flagged with OC and EC quality assurance.

ocC EC

TC

Laser-Temp. variation

Date/Time (ugCm™3) (ugCm3) (MgCm™3) correction QA flag Final
2023-01-06 10:00:00 1.92 66.27 68.18 0.95 00058888 Error
2023-01-12 21:00:00 11.54 247 14.02 0.78 00000107 Error
2023-07-25 22:00:00 1.00 0.13 1.13 0.91 00358888 Error
2023-10-27 13:00:00 4.05 0.20 4.25 0.92 00000000 Normal
2023-11-12 10:00:00 2.87 0.56 343 0.87 00000100 Normal
aefeiA oA AAF A Am J9E AAESHlT 22E& 3F1sto] 0.85 ool A4, 0.80 014 0.85
A A= HYe TC AxFsol tist] @4 = mgteld ‘94l 0.8 Tt Ams= QR
IR 2 sAITF Akmet A% sARF 2R, F 114l shdth
7t Bgre] mEmEAt 2ufof] st ZUAHA] T B4 R 243 AARE 9

dF HA A= ASA AAtelnh ISl & & o BE dhAlof tiof] o oF (A, 94, &)
T 5o 4 7|7t wEge] WSt 9l dAS E HA (flag, 0~82 o]FolW gAtE]) oz LEIY
AESH7] At AALRZ (Chae et al., 2014), Kim et al.  THE 3). 02 “AHAF, 1.2 ‘4 2~5, 72 Q.57 82 7]
(2016)S F15te] TC 552 thate s ZA 259t AAPE onlgith ‘@7 EAQl 2~4= OC ECE

P A} BT QA Alofsict B el
A%7] e A9 0] A A2 E 4 AR B

R Al
7 OC-EC &47]+= ZH 4 °ﬂ°1§
CO,2 A¥8lAl7A 1 oS =
HRES 24 B 25 g
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sk7] f1sll 271 oA =74 A9 ol Tk
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Tt Adid oz = IEE AT} SunsetAto] B

0.9 oA

71Z20 2 285 247 oA (L4 AL AETHA
HAL FLE A& HAhel didste AR,
OC, EC 5 FF5k2] %54 2, OCRE SskA] &
sH 3, ECTF BatsiA| Es}trl 42 FEEC TCE
Zo g o5t 24N E EtelA] 23 054}

= 52 BAsI e, 3110111-%5 HAASE &
o] Zet A= 72 BAISHC
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2007). OC2} EC & A= 9] 715t EFH 2} (Geomet-
ric Standard Deviation, GSD)7} 3 B[2ro][H 2] (1)<,
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o] zuAAR] F g4 AR BEAERE FTE
0.058 7|F2= p-value?} 2ot A2 ZE o] F1L
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tion), SFEE =0 WA o g2 A=F7he gelst
ek TC 5ol tiof] 4HE3t A=k A=)
F50] 99.9% %Y f A3 45.32 ugC moll oM,
99.7%} 99.8%2] 39| 2to|7F ZHF Z{Th(oF 12
pgC m™, & 4). A=5E 2HS 9lof WA 424
AAE AR TC A5 Lot & A PM, s 55

£ Hlaste] 15 AR gk stk TC 1
FEt PM, 5 AT ARZE oA BEE (R 5),
TC =9 2{Ugle] o] FA|ta wsty] ofHrt
b 2 =golAe ATt HAE, e E HE
Sh= §E =1t 353l

3.2.3 CHA| AAt
oAol=F BaAE P A% 5 719 ol
oI5} oJ5ko 7k A
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il
is)

N
>
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A
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)
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Table 4. Confidence interval of TC concentration. The con-
fidence interval range was calculated based on the area
under the probability density function of TC.

Confidence Lower bound Upper bound
level (%) (ugCm3) (ugCm3)
99.5 1.05 20.59
99.6 0.97 21.85
99.7 0.89 27.62
99.8 0.83 39.26
99.9 0.83 45.32

Table 5. PM, 5 concentration observed at the same time as
the top five TC concentration observed in Ansan.

Date/Time TC (ugC m™) PM, 5 (ugC m™)
2023-04-06 22:00 51.04 145
2023-04-06 19:00 50.68 142
2023-04-06 20:00 46.27 155
2023-04-06 18:00 45.35 137
2023-04-06 21:00 45.29 144

T o4 A BRS.
3.3 Exaga| At
% sele] BATRE A4 BRE A D o4

g E 6556702, 7] AF=2] 82.38%7} At
A2 2 AZEATHE 6). 1 F AAARE 72.27%,
A== 27.73%01H SJAAt= O] ¢ AR
AEZ} Hasit e Amrt EAflste 4 4
AP SAl= 2 HAL A G214 AAL FlolA-25
HAA S Q1 dARZ Yeigton, ZF 234 42
7N, 1,0677H, 293707F A A= Aek. 2F A= 2] OC,
EC, TC ;GEH-—_E nﬂ?nLJ,}
ugC m™, 0.71£0.59 pgC m™, 5.56+3.29 pgC m>=
(E7), 7] OC A=.9] 64.6 HAELY, 7] EC At=
] 68.8 WAEFY, 27] TC ZAt=9] 65.4 HATEFA
S5t

a9 32 eRAmTE EASte FATE AR
A A= 5 EEE YEd Zoth A& o] A|A
$o] =& e 49 (38.4%)T} 3Y (32.4%) % LFENS
o, g dof| Hdj AALES Hl A= 2

ZFHA= 747} 4.85+2.85
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Table 6. Summary of OC and EC quality assurance.

o = A= ==
E, 0120}, 287, 0/ZY, S, M4#, ZHS, 4al, 0

No. Step Valid (count) Error (count)
Raw data 7,958
M Valid value check 7,958 0
[2] Negative value check 7,916 42
[3] Limit of detection (LOD) check 7,916 0
[4] Internal consistency check 6,849 1,067
[5] Confidence interval check 6,849 0
[6] Step check 6,849 0
[71 Persistence check 6,849 0
[8] Laser-temperature variation correction check 6,556 293
Final data 6,556
6,556 (82.38%)
Total data (percent) Normal Check 1,402 (17.62%)
4,738 1,818
(72.27%) (27.73%)

Table 7. Concentrations of OC and EC after quality assurance.

OC(ugCm™3)  EC(ugCm™3)  TC(ugCm3)
Count 6556 6556 6556
Min 1.1 0.1 1.31
5% 1.91 0.16 2.2
10% 2.21 0.21 2.52
25% 3 0.33 341
50% 422 0.56 479
75% 6 0.88 6.89
80% 6.54 1 7.45
95% 9.74 1.83 11.27
Max 46.05 83 51.04
Mean +std 4.85+2.85 0.71+£0.59 5.56+3.29
ztolE Bt} 3o o AAES Hel 43T

A= EI |A-2% BAAS HAALR, oF 25.8%E 2}
2|5kt BHH 492 WA A4 HAbollA 71 &
o] A|A= Ut (48.0%). 3€ T} 492> FAF H AR A}
7t we A7, "7t w2 QARo] #o]A-
2= AT A S = A0S 7FsAgol Stk

2 A7 7] 3 Bh AR BEaRe) BUY
2 9% BABF(QA) TRIBE ALe] 95

700

600

500
0]
£ 400
3
o
“ 300

200

100

0 2
1 2 3 4 5 6 7 8 9 10 11 12
Month

BN Raw Negative mm Internal Consistency laser-corr

Fig. 3. Monthly counts of ‘normal’ data after major QA
steps: negative value check, internal consistency check, and
laser-temperature correction.
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