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Measuring Dust Concentrations in Stack Emissions
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Abstract

This study compared the dust concentration measurement methods specified in Korean ES 01301.1, U.S. EPA Method 5,
and Japanese JIS Z 8808, focusing on the effects of reference temperature and moisture measurement on isokinetic sampling
and calculated dust concentrations. All three methods employ isokinetic sampling and gravimetric analysis; however, ES and
JIS use a reference temperature of 0°C, whereas EPA Method 5 uses 20°C. Furthermore, several equations required for
isokinetic sampling are not explicitly defined in ES, resulting in the use of EPA-based foemulations in field measurements.
Analysis of 100 stack gas measurements with an isokinetic ratio (I factor) of 100 * 1% revealed a liner relationship between
orifice differential pressure (4H) and sampling flow rate (Flow = 0.275 x 4H + 8.361). The resulting calculation constants
differed by approximately 7.3% at 20°C and 0°C. Consequently, final dust concentrations calculated under different reference
temperature and moisture content conditions ranged from 35.9 to 38.7 mg/m?. These results indicate that standardization of
isokinetic sampling equations, appropriate correction for reference temperature differences, and improved moisture
measurement representativeness are necessary to enhance the accuracy and reliability of stack emission dust measurements.

key words : Dust in stack emissions, Isokinetic sampling, Moisture content, Reference temperature, ES 01301.1, EPA
Method 5, JIS Z 8808
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Fig. 1. Stack dust emission standards (1971~2025).
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Table 1. Comparison of stack dust sampling method
Korea (NIER, 2024) US (EPA, 2020) Japan (JSA, 2013)
Method ES 01301.1 (1978—2016) Method 5 (1971—2020) JIS Z 8808 (1963—2013)
Meas.ure.ment Isokinetic sampling + Filter sampling (Gravimetric method)
principle
Standard condition 0t (275 K). 20T (293.15 K), 0T (273.15K),
760 mmHg 760 mmHg (101.32 kPa) 760 mmHg (101.32 kPa)
Dust unit mg/Sm’ mg/dscm or gr/dscf g/Nm? or mg/Nm?
Maintain isokinetic %< < 110%
T (2019) 90% < I < 110% 90% < I < 110% (Post-check) 95% < I < 110%
(Post-check)
Determination of Direct meastrement Direct measurement Direct measurement or
moisture (EPA Method 4) calculated method
*1 = Percent of isokinetic sampling (NIER, 2024)
7:_[0.003461/; + Z (Pa +Ag—g)}
[(%) — R.t.vlzil X (1-667 X 104) ............................................................................................. (1)
I =Percent of isokinetic sampling (%)
P = Absolute pressure of stack gas (mmHg: 7 + P )
P~ = Static pressure of stack gas (mmHg)
7. = Average absolute stack gas temperature (K)
Vie = Total volume of liquid collected in the impingers and silica gel (mL)
V “m = Volume of gas sample as measured by dry gas meter (m?)
T = Average absolute dry gas meter temperature (K)
P = Atmospheric pressure (mmHg)
AH = Orifice differential pressure (mmH,0)
= Total sampling time (min)
v = Velocity of stack gas (m/s)
An = Cros s-sectional area of nozzle (cm?
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Fig. 2. Relationship between orifice differential pressure
and sampling flow rate.
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Table 2. Differences in standard flow rate(Vyq), dust concentration(C), K factor, and 4H according to standard temperature

(ES, JIS) 0T, 760 mmHg (EPA) 20T, 760 mmHg
@ Standard flow rate (V) To=273.15K Ty =293.15K
P, Ty 293.15 K
X X — = X —— = 1.
Vaa=Va P, T, Vo = VX s — MO8
Vo = 1.000 Sm? Vo = 1.073 Sm®

@ Dust concentration (C)

e

wo
C= R (f W=100 mg)

std

100mg 3 100mg 3
=———=—-=100 mg/Sm Gy =———"—==93.2mg/Sm
G 1.000.Sm?* g 0 1.073Sm? g
® Isokinetic sampling factor (K factor) K, _ 29315 K o3
Ko \JT,,, K, Voms1sk '
Ko = 1.000 Kz = 1.036
@ Orifice differential pressure (AH) Hy, .
=1.036> = 1.073
AH= K> X AP AH,
AHo = 1.000 AHy = 1.073

Vg - standard volume, Vi, measured volume, Py absolute pressure during measurement, Pyq - absolute pressure at standard conditions,
T absolute temperature during measurement, Tqq* absolute temperature at standard conditions
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X, = Volume percent of water vapor in stack gas (%)
m. = Mass of absorbed moisture (g)

Vi = Volume of dry gas sampled (L)

0. = Gas temperature at the meter (°C)

P, = Atmospheric pressure at sampling point (mmHg)

P = Gauge pressure of the gas at the meter (mmHg)

Vi = Total volume of water collected in the impingers and silica gel (mL)

V. = Volume of gas sampled, as measured by the dry gas meter (L)
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Table 3. Dust concentration by temperature and moisture content

(ES, JIS) 0T, 760 mmHg (EPA) 20T, 760 mmHg
@ Calculation constant G = 7.460 x 107 1 - Gy = 8.007 x 1077 1 -
(Cud) mmH,O « mm mmH,O « mmi

(8.007x107°) — (7.460x 107 °)

= X 100 = 6.8%
(8.007 x 10" ?)

@ Orifice differential

pressure (A H) AHy = 22.4 mmH,0 AHap = 24.1 mmH,0

Flow = 0.2754 x A H + 8.3607, (Fig. 2)

Flow (L/min)
Flowo = 14.52 L/min Flowy = 15.01 L/min
15.01 — 14.52 e
ol X 100 = 3.3%
® Volume percent of water Q=0Q, (1- Xy

vapor (Xv) 1% 5% 1% 5%
Standard dry sampling 14.37 L/min 13.79 L/min 14.86 L/min 14.26 L/min
flow rate (Qs)

@ Particulate matter

. Sampling time 30 min / Collected particulate mass 16 mg
concentration

37.1 mg/m’ 38.7 mg/m’ 35.9 mg/m’ 37.7 mg/m’

T T (Vie = Vaaer + Ve S AFERIT oo 2]4 7} gsHA "t
0] =7 AR A2 H e}t S0 EXFFo 2 AAA @ Fig. 20 Yebd viel o] AHS} Flow<he] A
o] 9ot e EgEo] 2 XA E 4184 glo] S H7Ist7] Q15 A A ATLo A 4% 1007
IAH o2 7P g AR E B SA ol ot O] WiE7tA W] SR BAste] 42 AEA 3
A EPASE o] WA 23 3 A oA A eh= 85 FA21E 2851t 97141, (Cao/Co) = (8.007 % 107)/
5 AAREo R AFFste] BHghe AtEshe dEA (7.460x107) = 1.0732] H]&-S A8 HH, AHy
Hol Agog xy A7t 8 = A7 AAA|A 24.1 mmH,0%} 4H, 22.4 mmH,0%! 3¢ 55
tolEl 2] FAAS ShEsh= 7H gt ot g 189 AF 552 3AAA, Qu 15.01 L/min
2 Qp 14.52 L/min® & AH4H ) wkebd 20T 71&
3.3, 82 A= O|0[E{of|M E3F 2310| A2k Wy} EPA At =5 0T 7% ES Al 9ol A2 4-g51H

| Table 3o WIS 3 A S04 1 S} AR FY KL oF 3.3% HolbwAsiA Brk.
o]—E]:_/] Z]'OV]' A]EXHH ‘rrak d ]_/\g]: al % J‘]_,_ @ HH€7]'/\ o TE‘E}:O] 71'21' 1%9} S%E}J— 7]’@ O]'
WAt Al vl A A e, G571 RS A0 2, 20C Z1el e 2t
© AR AZHCo= AT A, v T, 7} 14.86 L/min ¥ 14.26 L/min 1821 0T 7]&l 4]
QE]JJ-] _'/q 71.}_ % A}/\ 1:1_] 1;]._?4; /374149]' =3 = 7]'7} 14. 37 L/mm 13.79 L/mmi Zéﬂc}iq

el 24 5 shtel Az Bestel Barek A OIS TEEEO] STRIRE S Savis

A RIS Sl bt etk ppast may A IETIZRE GO 7 SR

#191 20CIAE Coo = (8.007 x 10011, ESO] & ool THERAE A BEAHR BATEE Tpndel

AL OGO Cy= (7460 x 1072 4ggict o P SIMIaieh wiehd A1 ed} spaiae A%
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