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in Stack Gas: Comparison with HPLC-DAD

=gTa
2HQ 20261 5% 28Y

ynIz|, ZOpYY, A8, ArgR e
Agarsp|aieta Au A3 sh, Vag g atste dy|s aa, A1 20263 68 22

Minji Im, Daeil Kang", Rhokho Kim?, Daekeun Kim>*

Department of Energy and Environmental Engineering, Seoul National University of Science and
Technology, Seoul, Republic of Korea

DAir Quality Research Division, National Institute of Environmental Research, Incheon,

Received 14 May 2026
Revised 28 May 2026
Accepted 2 June 2026

*Corresponding author
Tel : +82-(0)2-970-6606
E-mail : kimd@seoultech.ac.kr

Republic of Korea

Y Air Pollution Engineering Division, National Institute of Environmental Research, Incheon, Republic of Korea
3Department of Environmental Engineering, Seoul National University of Science and Technology, Seoul, Republic of Korea

Abstract  This study evaluated the applicability of high-performance liquid chromatography coupled with diode array
detection (HPLC-DAD) and liquid chromatography-tandem mass spectrometry (LC-MS/MS) for determining acrylamide in
industrial stack gas. When the OSHA PV 2004 method based on HPLC-DAD was applied to stack gas samples, matrix interference
was observed near the acrylamide retention time. Blank sample analysis indicated that the interference originated from residual
components in the XAD-7 sorbent, and a conditioning procedure consisting of four successive extractions with 5%
methanol/95% water effectively removed the interference. An LC-MS/MS method based on the Korean Standard Method for
Water Quality (ES 04609.2) was adapted for application to stack gas samples using acrylamide-'3C; as an internal standard. The
LC-MS/MS method showed a method detection limit of 0.047 ug/m?, whereas the HPLC-DAD method showed 0.70 pg/m>. Field
application to 25 stack outlets from 9 industrial facilities detected acrylamide at 6 outlets, with concentrations ranging from
0.168 to 2,801 pg/m> by LC-MS/MS. This broad concentration range indicates substantial variability in acrylamide emissions
among industrial sources and the need for an analytical method applicable over a wide concentration range. Two samples were
quantified by both methods, whereas four samples were quantified only by LC-MS/MS. These results indicate that HPLC-DAD
with sorbent conditioning is applicable to high-concentration emission sources, while LC-MS/MS is more suitable for low-

concentration sources or samples affected by matrix interference.
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otz o}t & (acrylamide, C;H;NO)= &&|ot=a
dolrto|E (polyacrylamide) A€ A22F 49 A
Zof AHEElE dBd ORFARA, AdH o R Fa
5t 7] 28}5FEHo|TH(IARC, 1994). Z&]|ota Hofn}
olE Ald EHL +A4 8, F, A, EE E 515} A
A A A, ErREA 2 T BEAR
2] -85 Atk (Xiong et al., 2018). 121} ot
ofato] Ei= A X, FH, A 2 374 4 7ol A
F OEA JElE 24T S gloH, TR E4 9
o = FA Ao HNAME B Fo= §4
Fs/dol qleh 53], §714E42 dA4e, a4 ¢
H71&E Ae] 3G otAdopto| Ert HAMER
A=A BiE7IAR HEE 7hs/do] Al7|=o] $F
O (Koga et al., 1998), ©]°]l whz} AFJA|A B &7+~
Z oA dotuto| o] £ o Ret viE EAS Bt

& " gido] 7#] 1L QL

e o oal am RN
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N

)= 34 H S A (U.S. Environmental Protection
Agency, US. EPA) 9] 54548 E-5-5 (Toxics Release
Inventory, TRI) 20240 FA} ZAxto]] w2, vl U]
AR oA ot Hotto| E 0] 7] HlEFS ¢
7k °F 12,470 kge] 3.0 ™, o] 5 ¢F 70%°l| SHF5t+= °F
8,720 kgo| 1Y (point source), & =5 &7}
28 5 divle BEE Aor RIuET(Us.
EPA, 2025). °| ot ™ofuto|=9] £8 tf7] HiE
7427} AAGAE HIETEA (stack gas) W& AIARRITE
=] B¢ 71T shelEdtd o] 4
Pol= 3FeEA HijE - o] 5% A E (Pollutant Release
and Transfer Register, PRTR) ZAtof| T2, 20241
71 =W 187 APl A ofdofuto| =7} v E 5
om, AZF HjETL 1,196kg 0 & BT U]V 2 HjE
Ao 2 YA ACHNICS, 2025). 19 54 D EF
HlEFZ 0kg/H o & HEo|, o Ak ot ™o}
npo]=9] 2 HijEe] F= 7] viAlo] HFH 3
S= HojErh o]Hg & ofmHotuto]=of djsy

WlE7kAE o S Ay g AuRael
Aol g ST
PR ok otol S Qo] i A5

(Exon, 2006), =A< T4 (International Agency for
Research on Cancer, IARC)= ©|& 1A Ht7s=4
(Group 2A)2 EF3}1L QITHIARC, 1994). whekA| of
Sofuol=i 41917 FHEES} & 21 A

o] B a/do] A&H o7 A|7]= o] gt

7] & ot domto|E #4 A= 1970 T
E] gas chromatography (GC) & high-performance lig-
uid chromatography (HPLC) & 402 3]
o] £ttt Suzuki and Suzumura (1977)+= 14| S2Ha%
2 o8t 7] % oA goluol= 27 U GC 4
He HxE Hiskgon, ol nl= AR
% (Occupational Safety and Health Administration,
OSHA)-> XAD-7 2 ©]83F HPLC 7|5t 2]
7 B4 (OSHA PV 2004)2 AIAISHATHOSHA,
1991). ol A<= Yang et al. (1998)°] Z/de&tst £
2 GC/flame ionization detection (GC/FID) A H-&
NErsto] et EA4ol 485k, s Bl
HFHHZE5H] (method detection limit, MDL)+= 0.0203
mg/m’2 HE QI HlE7IA Zofo A= Koga et
al. (1998)©] GC/mass spectrometry (GC/MS) ¥ GC/
flame thermionic ion detection (GC/FTID)Z ©]-&-5Fo
wj&7tA Z oA Fotuto| =8 BAEHg oL, MDLO|
Z}Z} 21.8 pg/m® 2 89.0 pg/m’= A viEY A
o= HAIZE A

@A 7P d2] 2 5= OSHA PV 2004 (HPLC-
DAD) -2 HPLC coupled with diode array detec-
tion (HPLC-DAD)S o]-83 2121 8] A2 24
Hog 2ed L Ws BHo 2 AL
H =W 80 FFHAIE 7 (ES 04609.2) = Lig-

uid chromatography-tandem mass spectrometry (LC-




HIE7tA & Of=Eolato|E 2ME

MS/MS) 7|5t ofA Hopmto|E AJgdHo] AA =] o] §)
O}, ol £ AlRE Yo R A E Ues
HiE7EA Ao tiet 8442 S| AERA o
QtchH(MCEE, 2025b). =3 HPLC/UVE ©]-83tF ot
Holmpol & FHAl2 AlE Hopo| Ak A8 v} qlok
(Shi et al., 2019; Zhang et al., 2005). ZL2|L} o]¢} £
HPLC 7N S tiF2 2dehd, 8 e 4

= A=E o= /e Ao, vjErtaet o]
1.—_1;_7]. 1= A]i uHEE]/\jl. lﬁ.@—ﬁ; 9,]-72101] EHO]— Z]
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o= 11—140] olo
U= 5= Atk (Shiet al, 2019) H}Dd LC-MS/MS -2
o elAy} ZHE 2 blglo 2 B E
2o AT Bk A2 = 7@%’”1 TR Ao 7]
tj =t} (DeArmond and DiGoregorio, 2013). L]
ETSHL SlollA= viE7HA F ot dofrto] B
gt 3AAR7E B BEekd 54

&o] §17] ¢lof, 71 AT O] 28 7Fe A HAE

;(-1]7;"14 oz 7—1E51- _\’J‘J_g_7]_ (})l]:]-

2 ATl M= OSHA 2478 241 (PV2004)
H}ero 2 3t HPLC-DAD H'¥H 1} LC-MS/MS HH
AAAAA BiE7EA Aol Ag5te, WiETtAs F

ot Hoputo] & EA o] t3t 28 7Hsd-& Brtekal

e T S U oS 9% 71 A=E Alest

12} 5kSiTk ol & 91el A4, HPLC-DAD W' 9] Hf

S7tA Alm A8 ol veide 1] @449 &

S Felst I Al S AESHIH =4,

XAD-7 F2HA 2l 3 w28 A7) 19k &2

Al A4 (conditioning) 5= &-8-5kaL, o]of ot
£ 1 &4 AA 7Hs/3S A ESIATE A, HPLC-

DAD2} LC-MS/MS + Htﬁ_,] e, A AshA
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ol Hotutol|E AH=Fof| Ht Aget BAHS Hrls)
Ak

P

o
=
o X
=

ol

5t LC-MS/MS 2A18{0] M2A 7} HPLC-DAD Ht4 1]

to| Hlw 37

A A B2 ofFH oo E (acrylamide, 1,000
pug/mL in MeOH, Cat. No. M-8032, AccuStandard,
USA)olH, YHEEEAZ ofg oputo]|=-13C; (acryl-
amide-1,2,3-°C;, <=I. 98%, Cat. No. 586617, Sigma-
Aldrich, USA)E AFHESISIH. o5/ Aol wiet

< (PRA 58, Wako, Japan), °FH|EAH(LC-MS 55,
Sigma-Aldrich, USA) & A|4=(18.2 MQ - cm, Human
Power I Integrate, Human Corporation, Korea)& AH-§-
stlth S8 2 5% He-2/95% A4 =38
A ARgSEAT

A 232 St BEGA L2 ofadotuto|l= &
2/95% A5 &g o2 T

t}. o] -84 OSHA PV 20042] 5
S8et U 2w AAstAoH, Nm F&
A} E=GoH 7o) vl Apolof mhE viE= A gyt
oF A=ntE Ty n)3 WS 2askelr] et A
o]tk HPLC-DAD #41-8-8 0.10~2.00 pug/mL g9l
] 57] &L=(0.10, 0.20, 0.50, 1.00, 2.00 pg/mL), LC-MS/
MS -41-8-2 5~100 pug/L 914 671 5% (5, 10, 25,
50, 75, 100 pg/L) 2 A Z3FATE LC-MS/MS £4 A9
© BE BEEA 9 Alg 20 WREEEES
T 5% 50 pg/L7t HEE HriskoTt Az FH
= OSHA PV 2004041 #1lok= XAD-7 S&AIE 5
A3t OVS AIEA (2] 3] 7, 200/100
mg, 20/40 mesh, Cat. No. 226-57A, SKC Inc., USA)=
gl

FEEE 5% v

CECERES
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2.2 MhF 2 Hx2|

2.2.1 A=2xH%|

A8 F = ot doto|E uijE 7Hs/do] Qe &
=4 9 SHAIE A (olokE Al9)) 870 A,
2470 viEe} W7 E -2t A2 9 s A4y
A 170 A, 10 HiEE 2SR F 9/ AFE, 25
A HETE ATC 2 20249 8DRE 1197H4] £

J. Korean Soc. Atmos. Environ., Vol. 42, No. 2, June 2026, pp.369-381



(b)

Stack gas
XAD-7 sorbent tube
e ————
I
1
Heated i\l Glass XAD-7 Exhaust
~>  sampling —t fiber Sorbent W=y
probe filter bed b —d

Silica  Flow Sampling
gel  meter pump

Fig. 1. (a) Photograph of the field sampling setup and (b) schematic diagram of the stack gas sampling system for acrylamide

using an XAD-7 sorbent tube.

Table 1. Sampling sites and operating conditions of six stack gas outlets where acrylamide was detected among 25 outlets

surveyed from nine industrial facilities.

No. Date Facility Emission Air poIIutiqn Flsow. Temp Moisture
source control device (Sm>/min) (°C) (%)
S1 2024-08-13 B Mixing Adsorption 54.14 26.6 1.69
S2 2024-08-14 B Mixing Adsorption 2.74 47.0 1.79
S3 2024-08-14 B Mixing Adsorption 97.26 26.7 1.79
S4 2024-08-19 C Mixing Wet Scrubber 129.00 34.8 2.07
S5 2024-08-19 C Mixing Wet Scrubber 21343 334 3.47
S6 2024-11-08 | Reaction Wet Scrubber 9.09 14.8 4.96

Note: Sm* denotes standard cubic meter at 0°C, 1 atm; Facility codes (A to |) are anonymized identifiers assigned to the nine industrial sites investigated in this
study; only the facilities where acrylamide was detected (B, C, and I) are included in this Table.

ST A=A e Al7]ol wet = AR FEE
A 20249 8o 47]] AFAH (A~D) S 1071 HlE
of sl OSHA PV 20045 Z-83to] A28 -2
Astqlo, 11 At F2HA ff 1A 13271 SRl
Actk. ofof wet F&HA HYAY F4S vt &
2024 99HE 11€7}1A] 574 A} ZHE~D) 9] 1570 =Y
Sl tiste] AP E SRS AMESHo] Al=E
AF AT 124 AQH A (AD) A AE
Z277% 13] QAT 745sto] AAFHE 4-3sHA] St

Gk AA 257 viE 5 ofa ool ErF AEH
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HE7A

2.2.2 E%t 1I ZACId 2 A= HR2]
E4E AASH] S5t &2
AD-7 #HH-& 5% HEHE

ARg-SFSITH

A= A= OSHA PV 2004°] AX}E vigro 2
Togstait. AFet F&He] feldfgEe e
XAD-7 2|32 5 Hio|gol £7]11, 35 XAD-7 2|
e Ee vio|d® A Gotth 2t Hio]de] &8
o 5 mLE 713t & multi-tube vortex mixerS ©|-&5}
01 1,200 rpm©fA] 3027t Ae &5k 2F =594
2 02pm A¥2] Y= ofTsto] FA-E Ag&E A
Botlom, A= 9] & ot Homto|E Fhi= Mt
S FE2H4 9] EAGE FAtete] 451l (OSHA
PV 2004, 3.7.4). LC-MS/MS H-41-8 A 3= &9 950
pLof| Y5 FF-8-H (o dopmto] E-1C,, 1,000 pg/L)
50 uLE 7boto] WHEEEE9] 255 %7 50 pg/
L7} E 22 A5 & ARSI S2 Al BE LC-MS/
MS 24 A] =20 FE7t AFA ARH100 pg/L)=
Zike 710 & g}lE]o] 5008 345 F A5l

Nu

o, S B]AJulS= 4] 29] o] HHdste] HE
At A5t} vl 8 BA AL A3 BT}

ST AAE Agelel, 45 A% AP

3 olzZototo|= 2AS 28t LC-MS/MS 248 o| Mg

A T7} HPLC-DAD 10| H| i 373
XAD-7 #7312 FY Hio]dof, o XAD-7 #HX2
T Hlo|ge) A 42t & EA5t9.0H, ol wt
gt A 9 St vieiA g F 8 27 APeteict

2.3 717124

2.3.1 HPLC-DAD £4

HPLC-DAD 24-2 OSHA PV 20045 &
6146]-011;]-. o]‘:_ 7]% ZrolskA 51_7] B2He gz
HlE7EA Aol 2§ 7FsRbA] #7tshal, 74 2
o5 Zelsty] figtolqlnt. 7171 2Aoll= Agilent
1260 Infinity II LC A|AFE Agallom, A9
Infinity Lab Poroshell EC-C18 (150 X 3.0 mm, 2.7 pm)
< AHESHAT o5 g2 5% HEe -8 (Hee:
AA|4=5:95, v/v) 2.2 5}F 11, 842 (0.3 mL/min,
AY 25+ 40°C, AE P2 200 nm, FUF 3
uL2 A5tk

2.3.2. LC-MS/MS £M

LC-MS/MS 242 +H 2 HFHAA7IE (B
04609.2)9] ot oot AYHS HIF O R HiE
7t Azl A8 5 s 717] 202 25t
Z=3)5193 ) AF& )= PerkinElmer Qsight 420 LC-
MS/MS Spectrometer$1.2.H, AH-2 ZORBAX SB-Aq
(100 % 3.0 mm, 1.8 pm = /\]'-95]'01‘:]' Ol FAE 0.1%
OFA|EART} 0.5% HEHE-S Z3HeE -8 0 =2 51901,
842 (.3 mL/min, Z é %_‘E—":— 5°C, A% 10 uL

o %

=
2 AAstch HSFRAe A7) Ho0| .25} (electro-

wn

Table 2. Analytical conditions of the HPLC-DAD and LC-MS/MS methods used for the determination of acrylamide in stack

LC-MS/MS
(based on ES 04609.2)

gas samples.
. - HPLC-DAD
Analytical condition (based on OCSHA PV 2004)
Instrument Agilent 1260 Infinity Il
(Agilent Technologies, USA)
Column InfinityLab Poroshell EC-C18
(150 X 3.0mm, 2.7 ym)
Mobile phase 5% methanol in water (isocratic)
Flow rate 0.3 mL/min
Column temp. 40°C
Detection UV 200 nm
Injection volume 3puL

Qsight 420
(PerkinElmer, USA)

ZORBAX SB-Aq
(100 X 3.0mm, 1.8 um)

0.1% acetic acid with 0.5% methanol in water (isocratic)
0.3 mL/min

35°C

ESI(+) MRM Acrylamide: 72— 55m/z 1S ('3C3): 75 —~58 m/z
10 uL

J. Korean Soc. Atmos. Environ., Vol. 42, No. 2, June 2026, pp.369-381



374 AR, BT, A=Z, A2

spray ionization, ESI) Yol REOA ThaH-gR 1
E{® (multiple reaction monitoring, MRM) 4]0 2
Y5t ict. ofa H ool =9 precursor ion3} prod-
uct ion2 ZHz m/z 729} 550|H, YR EEEH (ol2
Yoluto] = 13C,)2 m/z 75— 58 0] Hol& HF o]
2.0 2 AT Cone voltage:= 30V, 5= oLA]
(collision energy)+= —50 V2 A5} Tt T B4 9]

7171 2712 2 200 A SHAH.

2 S

T A diste] 2144, W HETHA| (method
detection limit, MDL), %A (limit of quantifica-
tion, LOQ), =M (accuracy), 424 (precision) & F
&8 (extraction efficiency, EE)< 3 7}5151th.

21732 HPLC-DAD®] ¢ 578 55 (0.10~2.00
ug/mL), LC-MS/MS2] 73-% 67} &% (5~100 ug/L)°l

g AHAS AT T 2AAS (RE Bt
o B AuAl B W9l AR 2

g
ol (¢F 158))9F A7 7 SIS 1este] A= o2
Al 475t MDL-2 eFehAl &
HE 73] HHE FAsto] A2 BE
sho] A5, LOQE Y WAL 102 H6
of Attt Aede Xt Tk o B8
(HPLC-DAD 0.5 pg/mL, LC-MS/MS 25 pg/L)- 53] 5t
H 2ARE & g vl S vle (%)= F7tst
o, AU Y vHE 24 Ao Jdi e
A} (relative standard deviation, RSD, %) & LERH ATt
FZE-82 OSHA PV 20049] AALE F8510] 34
Zhetelor, SHARRE 282 I5HE HE
< ou|gitt, AYAYHE XAD-7 SF&All ot ot
mpo|E BFEHNS A F- 3 T 0= {7t
(spike)?F & HIA[A OB oA SH=HF A %5 ©]
T F=81 5mLE 7lote] 3043 A" FE519e
H, gl5H sl HE (%) 2 FEEES 4S9
T}, HPLC-DAD: 0.1, 0.5, 2.0 pg/mL S50 A 5=
33] HHE 2451911 (n=3), LC-MS/MSE 5, 50, 100
ug/L Pl A s 33] HHE A5t (n =3).

Eot

HHTERA] & (method blank, HPLC-DAD n=
4, LC-MS/MS n=3)2 £A4] 0}04 A 9 7171 24

1:]'7—'“_4 _Q_d 04 9—]—01 o]— OJXH:]}-E]'/\] fleld
blank, n=25)5 EA5to] Alz24F 2 24 dAE
PG 0 oRE FAsATk A7 F i ot
O] 5 (ug/m’)E OSHA PV 20042] AlstA]of| tﬂra}
AL (A (1), A (), A 3)), oWl FEEES
A g3}0] S8 HAYstgct
273 P,
Vs = Vi X 2734T < 760 )
C1 — (Cf—(‘:,fb;];):nXS) CZ — (Cb—slbl:(“];;(nXS (2)
S S
C= C1 + C2 (3)

A71A Vo BAEHIR SHRE AF (L), Vs @
& AAZ (L), T AF Al 2= (°C), P,= W71
(mmHg), C= A= F oA doMolE 51k (ug/m’),
S A FE (ug/m?), G
T FEN = (ug/l), Cout
T HRA R FE (ug/L), n
S|AHS, 5= A8 Al =-8§99] Buj(mL), EE+= 5
58S 9u|gth & dAolA Ve A7EA 71E

(dry basis).0. 2 AFst3) o m, A (1)o]] ~Egof gt
HAge A-gshA] st
3. 2% R @

3.1 OSHA PV 2004 H& A| BHEZ|A ZHMu}
E=H AL

FA] dEAR I 20| Slo|
1] HiE7EA Aol 28517
5t AYAE-S hotA] P2 XAD-7 TS
Agste] 47 A9 (A 170, B 47H, C 270, D 37H) 9
107} viEoll A ZF 334 ¥HE 2 et A 55 HPLC/
DADE BA3Igitt 1 23, 107 RE HiEF A=
oAl HPLC-DAD A2utE 1o HESA7E 35

3.1.1 OjEZIA 7t
OSHA PV 2004= 2

S IstEx| M2 E 25



HE7IA S

DAD1A Sig=200.4 Ref=off

40 (a) Acrylamide standard (0.5 |,I;g/mL]. HPLC/DAD
1
1
1
1
1
1
1

S
E 20

"7 Acrylamide

g RT

<

| : =
H H 3 H 3 s 7
Time (min]
DAD1A.Sig=200.4 Ref=off
«o (b) Interference-affected sample, HPLC/DAD

Time [min]

Fig. 2. Representative HPLC-DAD chromatograms of stack
gas samples collected with non-conditioned XAD-7 sorbent
tubes, showing sorbent-derived interference peaks near the
acrylamide retention time.

Hof iE”A T m=7t EEglom, o] F 6
7N S (A A 170, B 270, D 370)ell A= THA
W=7} ofg Hopto]| E O] MEEAIZH(3.31) F]
A F3=o] HPLC-DAD®| oJ3t Ao E7H55H3
THLE 2(b)). BF, W 2] 470 Bl & (A4 B 27H,
C 27N)elld= A& wESA Zfolof whet 3+ ]
9] WE-FA|Tto] tha: AFolsto] ofF Hofmto] & 1
A0te] F3do] WA E %] ¢etom, oo wet HPLC-
DADE &go] 7Fssk3ich

HPLC-DAD #40|A 7Hdo] e Al=of dist
of o7 Homto|E 9] HE o HE E3Isr] 9ol &
A A RE LC-MS/MSZE 57} BA31et. o] & 9J3l
= +E AT HAIRE 71 (ES 04609.2)°] ot o}
Ako|E LC-MS/MS Al W& HlE7EA Almol 28
T AEF 2Asto] AgStth23.2d Hx). 1 2
7, HPLC-DAD A4l 7M. 0 2 QIsj o] =7}
SS9 67l Al 5 570 A= (A4 A 170, B 171,
D 370)& LC-MS/MSellA AESHA nmlte 2 vepy
o, AFA4A B 171 MlET(F 62 $3)014&= 0.168
Hg/m3_q ol Holufo|Er} At otH, AR
% B HIATAY AFH A= 471 #lET 5 YA 2

ol=Zlolajol= AL 9|3t LC-MS/MS 2AIR 0] XL
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Fig. 3. Representative HPLC-DAD chromatograms of blank
samples, including non-conditioned sorbent blank, condi-
tioned sorbent blank, method blank, and field blank, used to
assess interference and procedural contamination.
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Table 3. Results of blank sample analyses used to evaluate sorbent-derived interference and procedural contamination in

the HPLC-DAD and LC-MS/MS determination of acrylamide.

Blank type Number of samples Interference peak at RT 3.3 min Acrylamide Acrylamide
(HPLC-DAD) (HPLC-DAD) (LC-MS/MS)
Non-conditioned blank 9 Detected (6/9) Not quantifiable1 <MDL
Conditioned blank 2 Not detected <MDL <MDL
(after 4 extractions)
Method blank 4 (HPLC) Not detected <MDL <MDL
3 (LC-MS/MS)
Field blank 25 Not detected <MDL <MDL

Note: In HPLC-DAD analysis, acrylamide in non-conditioned blanks could not be quantified because interference peaks were observed near the acrylamide
retention time (3.3 min). Method detection limits were 0.7 ug/m? for HPLC-DAD and 0.047 pg/m? for LC-MS/MS.

A3} HPLC-DAD I 2RTE I3 A= 97l = 679
A BREARE 3 F2olA B4 MA7E el
o] Br15519 0, LC-MS/MSOI s BE A%
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H 23 o 37 S2HA| e ARl 71918k, S2HA|
ZHA|of| otz Hotupo] =7} HFg A2 o]-ug Q]U]g]_

£ o 43] ArAY Eﬂ»— Z7 }i 7420}7] o)
stof BAstlen], & B Broli] AEA 1
gho 2 vrebgh. T3 BHEIRA] = (method blank;
HPLC-DAD n=4, LC-MS/MS n=3)¢} JFutgA| 2
(field blank, n=25)°A & F ZAH % HAESH
nRke & yehh, A, 7]7]8 A, AlsAfF 2 -2kt
A A Golgt 9P gl Aoz slels|girt A
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Table 4. Changes in sorbent-derived interference peak area
during successive conditioning extractions of XAD-7 sorbent

tubes analyzed by HPLC-DAD at 200 nm.

Extraction Tube #1 Tube #2 Reduction
step (mAU -s) (mAU -s) (%)*
1st 1336.83 700.69 -
2nd 52.56 26.75 96.1
3rd 245 1.08 99.8
4th N.D. N.D. N.D.
5th N.D. N.D. N.D.

*Mean reduction relative to 1st extraction peak area (n =2).

Note: Tube #1 and #2, two independently prepared XAD-7 sorbent batches;

N.D., not detected.
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Fig. 4. Changes in HPLC-DAD chromatograms of XAD-7 sor-
bent blank extracts during successive conditioning extractions
(1st~5th) with 5% methanol/95% water, showing the removal
of interference near the acrylamide retention time.
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3.2 HPLC-DAD ¥ LC-Ms/MS2| R&4 &7t
H g0l BAW 954 Hrl 7|22 AT - A
A AEHZ/ A ] A= (NIER, 2025)2 15}
of Pstalon, AT R?>0.98, Ak 75~125
%, 4= (RSD) 10% °|HE 7|+ 2= st3ict. |7t 4
+ 3 500 AAsHET A8=5419] 24142 HPLC-
DADZ} 0.10~2.00 pg/mL H]oA R?=0.9999, LC-
MS/MS7} 5~100 pg/L 91l A R =0.9991=2 LHERLE,
T 24 nE 244 710,98 o)) THESHITH
(719 5). W HHZETA (MDL)+= HPLC-DAD 0.7 pg/
m?, LC-MS/MS 0.047 ug/m>2 WERG T, s
(LOQ)E ZZ 2.2 ug/m32} 0.149 pg/m> 2 A= %
o}, WEkA LC-MS/MSE HPLC-DAD®]| H]3] <F 15H)
S AEAE UEHo] sk HiE7tEs Aol
st A-&Ao] ¢ @45t Ao 72 Thr|9iTh
8= HPLC-DAD 98.9%, LC-MS/MS 99.5% S
qu A F i BT A5 gUt 7|8 9EESHI T
E(RSD)]_ HPLC-DAD 0.8%, LC-MS/MS 1.9% %
W W HHE 2] digt A o] Fe skt
%J*?-ig(EE)t HPLC-DAD B+ 100.3%, LC-MS/
MS Bt 99.6% = AHEEloH, o] Z2 4] (2)° 2
goto] AA Alm o] T HAof ARgsHt & A

‘lN‘ -lﬂ o

Table 5. Validation results of HPLC-DAD and LC-MS/MS methods for acrylamide determination in stack gas, including linear
range, linearity, method detection limit, limit of quantification, accuracy, precision, and extraction efficiency.

Linear 2 MDL LOQ Accuracy RSD EE

Method range R (ug/m3) (ug/m3) (%) (%) (%)
HPLC-DAD 0.1~2 pg/mL 0.9999 0.70 2.2 98.9 0.8 1003
LC-MS/MS 5~100 pg/L 0.9991 0.047 0.149 99.5 1.9 99.6

Note: MDL, Method Detection Limit; LOQ, Limit of Quantitation; RSD, Relative Standard Deviation. MDL and LOQ values were converted to gas-phase

concentrations based on a sampling volume of 40 L per sample.
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Fig. 5. Calibration curves of acrylamide obtained by HPLC-DAD and LC-MS/MS over the concentration ranges used for method
validation.

Table 6. Acrylamide concentrations and analytical reproducibility (RSD) of six stack gas samples quantified by HPLC-DAD and
LC-MS/MS based on triplicate sampling and analysis.

HPLC-DAD LC-MS/MS
Sample no. Facility ) .

Concer;traﬂon RSD (%) Concer;tragon RSD (%)

(ug/m°, n=3) (ug/m°, n=3)
S1 B 9.014 16.5 8.139 17.9
S2 B 3,258 458 2,801 34.0
S3 B <MDL - 0.168 66.6
S4 C <MDL - 0.647 27.2
S5 C <MDL - 2.650 385
S6 | <MDL - 0.264 18.6

Note: Values are means of triplicate sampling and analysis (n = 3); RSD (%) = (SD/Mean) X 100; < MDL, below the method detection limit of HPLC-DAD (0.7 pg/
m3); Facility codes are defined in Table 1.
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E
2 J
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3.3 HIE7IA AROA S| EAMH MM Ty ), = ¥ 5ol A OSHAS] chromatographic
F 2570 viET A28 B4 2L 970 AFEE ¥ method validation 7FO]=2F] (OSHA, 2010)°114]
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