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Measurement Uncertainty of Arsenic Concentration in Ambient PM2.5 Determined
by Instrumental Neutron Activation Analysis

Jong-Myoung Lim - Jin-Hong Lee"* - Jong-Wha Moon - Yong-Sam Chung*

Neutron Science Division, Korea Atomic Energy Research Institute
*Department of Environmental Engineering, Chungnam National University

ABSTRACT : In this study, measurement uncertainty of instrumental neutron activation analysis was evaluated for ambient As
concentration in PM2.5. Expanded uncertainties of the measurements were calculated by applying both ISO-GUM approximation and
Monte Carlo Simulation(MCS). The estimate of As concentration on a specific day by the Monte Carlo Simulation differed from that
of ISO-GUM approximation by less than 4%. Relative expanded uncertainties of As concentrations from a total number of 60 PM2.5
samples were also estimated to be more or less than 10% with 95% confidence level using the Monte Carlo Simulation. Sensitivity
test of the measurement uncertainties showed that y-ray counting error(62.3%), efficiency(18.5%), air volume(12.3%), neutron flux(2.3%),
and absolute gamma-intensity(1.8%) are major factors of uncertainty variations.
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2.2.2. Monte Carlo Simulation method
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Fig. 1. Demonstration of the propagation of the distribution
by Monte Carlo Simulation (MCS).
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where C = airborne elemental concentration (ng/m")
M, = filter mass after sampling (mg)
Fg = elemental concentration of blank filter (ng)
Vs = air volume passed on filter (m3)
Cn = mass fraction of sample filter (ng/mg)
A = counting intensity of gamma-ray (n)
M = molar mass (g/mol)
W = sample mass (mg)
N4 = Avogadro number (n/mol)
f = isotopic abundance (%)
I, = absolute gamma-intensity (%)
¥ = thermal neutron flux (n/cmzs)
i = activation cross section for neutrons (cm’)
|3

counting efficiency of gamma-ray (arbitrary unit)

S = saturation factor, /-exp(-At;)
D = decay factor, exp(-Aty)

ti = irradiation time (hr), t¢ = decay time (hr)
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Table 1. Standard uncertainty components associated with As concentration on a specific day determined by INAA

oA 2 AR A

Q'_I_(F()) pu _u_“r‘ '{’_’%

Abale ol
EREEE

) Expansion model
Uncertainty component Uncertainty component identification Standard ) RSU
symbol Value Type uncertainty DF* Dist.** %)
W Sample mass (mg) W=W;+W;+W,
Wo repeated weighing 8.139 A 0.009 2 N 0.1
Wi linearity of balance 0 B 0.006 50 R 0.1
W2 mass change by moisture uptake generally negligible
L] Neutron flux (n/cm’s) B=0+ 8+ + 8+,
%  |neutron flux variation 2.95x10" A 2.15x10" 10 N 0.7
) irradiation geometry difference 0 B 3.41x10" 50 N 0.1
& nuclear reaction interference negligible in most cases except high uranium
3 neutron self-shielding generally negligible
&y volatilization loss during irradiation generally negligible
A Counting intensity of gamma-ray (n) A=Ap+ A +Ar+ A3
Ao counting statistics 2.7198 A 0.0817 50 N 3.0
Ay counting geometry difference 0 B 0.0078 50 R 0.3
A self attenuation correction factor generally negligible
A; dead time effect generally negligible
E Counting efficiency E=Et+E
£o  |efficiency at specific energy peak s406<10° | A | rosxiot [ s0 | N 1.9
E| stability of detector during counting negligible in most cases
Nuclear parameter
t1/2(In2/k) half-life (hr) 26.320 B 0.152 50 R 0.6
f isotopic abundance 1.0000 B 0.0058 50 R 0.6
I absolute gamma-intensity 0.447 B 0.005 50 R 1.1
i activation cross section area (sz) 4.50x10™ B 2.60x107 50 R 0.6
M molar mass (g/mol) 74.9421
Na Avogadro number (n/mol) 6.023x10% .
——— generally negligible
t irradiation time (hr) 4.0
tq decay time (hr) 72.0

* Degree of freedom

** N: Normal distribution; R: Rectangular distribution
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Table 2. Standard uncertainty components associated with As concentration on a specific day determined by INAA

Expansion model

Uncertainty component

symbol Uncertainty component identification Valne Type uiza;f;ﬁy DF Dist ]z;[)j
Cn Mass fraction of sampled filter (ng/mg) according to Table 1
M; filter mass after sampling W =Mp +Mp +Mp
Mg repeated weighing 15.848 A 0.021 2 N 0.1
Mn linearity of balance 0 B 0.006 50 R 0.04
Mp mass change by moisture uptake generally negligible
Fs Concentration of blank filter (mg) Fg=Fgo
Fgo variation of concentration of blank filter 3.697x107 A 2.257x10° | 14 | N 6.1
Vs Air volume passed on filter Vs=Vgo+ Vsi
Vso linearity of volume meter 259 B 0.30 50 R 1.2
Vsi stability of flow rate during sampling 0 A 0.388 23 N 1.5
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Table 3. Statistical summary for uncertainty of the As con-
centration evaluated by MCS

Statistics Value Percentiles Value
Mean 8.316 0.0% 6.722
Median 8.309 2.5% 7.581
Standard deviation 0.383 5.0% 7.697
Variance 0.147 50.0% 8.309
Skewness 0.092 95.0% 8.958
Kurtosis 2.991 97.5% 9.085
Range 6.722~10.05 100% 10.05
Std. Error of the mean 0.001




ia)

5™ parcentie: 7581 AT peremile: TS

(L]

A ersdinas proda e

15" peroEaibe 75|

4 el = L1 wl L

Fig. 3. (a) PDF and (b) cumulative PDF of As concentration
obtained using MCS(scaled histogram) with 10,000
iterations.

Table 4. Expanded uncertainty of the As concentration
evaluated by both GUM and MCS

Characteristics GUM MCS
Concentration (ng/m3) 8.309 8.309
Combined standard uncertainty (ng/ms) 0364  0.383*
Degree of freedom 93 -
Coverage factor with 95% confidence interval 1.988 -
Expanded uncertainty (ng/m’) 0.724 0.752
Relative difference (%) - 3.7

* Combined standard uncertainty for the MCS was 1 standard deviation
value of the PDFs
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Fig. 4. Expanded uncertainties for As concentrations from a
total number of 60 samples in the study area.
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Fig. 5. Contributions of uncertainty components for the ex-
panded uncertainties.
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