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Abstract

To establish National Reference Method (NRM) for PM, 5, operational performance of 5 different commercial
gravimetric-based PM, s measuring instruments was assessed at Bulkwang monitoring station from January 23,
2014 to February 28, 2014. First, physical properties, design, and functional performance of the instruments were
assessed. Evaluation was carried out to determine whether operating method for the instruments and levels of
QA/QC activities meet the data quality objectives (DQOs). To verify whether DQOs were satisfied, reproducibility
of QA/QC procedures, accuracy, relative sensitivity, limit of detection, margin of error, and coefficient of deter-
mination of the instruments were also evaluated. Results of flow rate measurement of 15 candidate instruments
indicated that all the instruments met performance criteria with accuracy deviation of 4.0% and reproducibility of
0.6%. Comparison of final PM, s mass concentrations showed that the coefficient of determination (R?) values were
greater than or equal to 0.9995, and concentration gradient ranged from 0.97 to 1.03. All the instruments satisfied
criteria for NRM with the estimated precision of 1.47~2.60%, accuracy of —1.90~3.00%, and absolute accuracy
of 1.02~3.12%. This study found that one particular type of measuring instrument was proved to be excellent,
with overall evaluation criteria satisfied.

Key words : NRM (National Reference Method), PM (Particulate Matter), WINS (Well Impactor Ninety-Six),
NAAQS (National Ambient Air Quality Stadards)
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Fig. 1. One week accumulation of aerosol larger than 2.5
um on the WINS Impactor surface.

2. 1.2 QA(Quality Assurance)/QC (Quality Control)

2Eje) ek B slelo] A3 5 B} o)l
wEHe] 28 AsdE Hanar) slele] 22
WA wE e saskc We maheed
Hell Mg AdstadeA 25 71538k, ok
Aol wiA 2 A3l F 13 4 WAL 5% A4
= WINS (Well impactor Ninety-Six) Impactor Z €]2]
FET A e} AE 2dE wAsge 17 13
Zro] WINS Impactor ZE3 oJ%] 9ol el 2.5um
olife] JAMY AL ARl EFe JFE = &+
W7 Witel 79 Aoz ImLAYE 2dE FE
oA Slo] AN Fol A 2AF0] Al WAk
£ ake s,

d AR A AT A N A, 142

A el A9, YA ke AY, $5 vk AY

e WY 4 b BE A2e FAY 4
A At dEe] wd 3 &3 52 FE7E &
o) ool HaAT 4 U FAUAIA 0}
AL, ¥ w3k 5] S AT e vheel
AL 4 e o4 ARE B )=,

Iy Evjol AAg e A A2 Ay
2o 5 o] g3le] wAEE WS ol &FozH U
o) el 2AE 4 odx DB 2o A
& FHashsigeh Aol AHgE Rl v EPA
FRM ¢4 37 ool meh 28 shge Asiel
3¢9 A7 el W o) wel NRM 5
B A, Ak o, g3 o, 3942k A 7 E DD,

°lﬂ rﬁL

PM, s 71715470 A& 9

o

v

Ay

A a7 159

7174x27, Ala AF A DAL FE 9L F AF
AlZE AF 59, 5 HE AR 27 58 2k
A 4% ﬁé‘ 7Ftsiet AHl QA/QCe Aead &=,
B, $% TEAANE TPT Y AW FAow
Saollek

2 A AT A¥gET aEARel ¥
Sl st B E ent 2 el B
FAe AT T, T2 s ) Al
bz A EE TS mmHgz FY3kdH w
g FAe AN A - aAE 2
=4 (Delta-cal, BGI Incorporated Waltham, Mass.
USAVE olate] Au] § A7 wAel o4}
Qo Ak AEse SRg e Az o
W Akasistet

2.2 A2 %

AMEA 2HTF B3l fAg = dgr]edd
R F2=A 4 (37°36'N, 126°55'E, 67 m)ol|A] 20143 1
o 239 RE 2014 2 28Y71R] 37U 7 43514
o Al2= oA 11:00A3E 9 10:00A|7}A] 23A]
7 AFDE AT, o) 71 B L, FrE 42
1.5°C, 53.2% 2 vebgel vlm Age] Feigt )
£ A,B,C,D,E & 5/ 3AL 447 3914 & 159 &
Abgsteet 7179 WA $1He] W Fw xelo
WAL FHassda A4 2ate) A g
gl 8 2> S/ A 2 s d&oE v
3] wix|slar o= f& e WA wekeom o
Au) Abelo] wHstgon S grled 5=
Aaxe] 91219} ] iAol dfsir] 27 2¢] HeR)
o}

NRM o] A& 918 37h 718 30 344
izt 33]e) 23 AE3]2) 9} v]= EPA FRM2| A

z 54, e 24 AgE, 9 ABAE 71E 29 7
T AP 5L S qEE ARl B
8k S 23S AAstaA stedh NRM AH] 7]
T 7t 245 5% B diste] pIEge
v FEES At & 1o vepich Inlet £33
o] A% ] AL 2EQlH A A" e AR} X
25l dFnE AAE ARl PM,, Impactor$}

PM, s WINS Impactor E}3]-& o]&3lgion] AME 9]
FE Agezny o 40me ool At
A sheleh.

J. Korean Soc. Atmos. Environ., Vol. 31, No. 2, 2015



160 olg - WS- o F - HA4 - DA - b -

15m

CIEICICICIEE
EEEEBE
) & &)

Fig. 2. Location of sampling site and sampler array at bulgwang (37° 36’N, 126° 55'E), South Korea.

Table 1. Performance criteria of NRM sampler.

Parameters NRM Equivalent Sampler (Class I)
Sampling period Minimum 20 day 30 days
Concentration range (ug/m®) 3~200 3~200
Bias Sampling bias less than 5% 85%
Linear regression Slope 1+0.05 1+0.1

Linear regression minimum intercept
Linear regression maximum intercept
Filter deposition for 96 hours -
Precision

Percent difference

Filter temperature difference tolerance

Correlation coefficient Higher than 0.97

Higher than — 1.0 ug/m?
Less than +1.0 ug/m?

Less than 2 ug/m® or 10%
Less than 2 ug/m® or 10%

Less than 5°C with ambient temperature

25.0~27.25 X slope (Higher than —2.25)
25.0~22.75 x slope (Less than +2.25)
Less than 50 ug

Less than 10%

Less than 15%

Less than 5°C with ambient temperature

R>0.93 for CCV=<0.4
R=0.854+0.2X CCV for 0.4<CCV=0.5
R=0.95 for CCV=0.5
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Table 2. Calculated precision, bias, accuracy of candidate

samplers.
Type Mean Precision Bias Percent difference
P gm? % % %
A 439 1.81 3.00 3.12
B 44.4 1.47 —1.86 2.24
C 43.1 1.77 0.77 1.02
D 43.1 1.47 0.11 1.03
E 43.7 2.60 -1.71 1.72
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Fig. 3. Temporal variation of PM,s; mass concentrations
for five NRM sampler types.
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Table 3. Overall performance results for NRM candidate samplers.

Parameters A B C D E Criteria
Sampling days 29 32 32 32 32 >20
Flow precision 0.2 0.1 0.1 0.1 0.1 <2%
Flow Bias 243 3.20 0.25 —0.09 0.48 <4%
Leak test Pass Pass Pass Pass Pass Pass/Fail
Temperature Bias 0.9 -1.7 1 0 0.2 <1.6°C
Pressure Bias 14~14 -33 -2.0 1.0 0.3 < 10mmHg
Time bias 60~ 180s 100~ 160s 63s~65s 60s 32~35s < 120s/month
Bias 3.00 —1.86 0.77 0.11 —1.71 <5%
Slope 0.974 1.032 1.009 0.991 0.995 0.95~1.05
Intercept 0.080 -0.337 —0.545 0.144 0.569 -1.0~+1.0
precision 1.81 1.47 1.77 1.47 2.60 <10 %
R? 0.9995 0.9997 0.9996 0.9998 0.9997 >0.941
Percent difference 3.12 2.24 1.02 1.03 1.72 <10%
Operation ratio 91 100 100 98 100 >70%
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Fig. 4. Inter-comparisons between means of sampler type and means of all samplers.
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