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Abstract In this study, ATR-FTIR (Attenuated Total Reflectance - Fourier Transform Infrared Spectroscopy) analysis was
applied to filter samples to identify the organic functional groups and inorganic components in PM, s collected during the
period of March 9 through April 8, 2018 at an urban site of Gwangju. In addition, 24-hr PM, s samples were used to analysis
the organic and elemental carbon (OC and EC), water-soluble OC (WSOC), humic-like substances (HULIS), and 8 ionic species.
The average concentrations of PM, 5, OC, EC, NH,*, NO;~, and SO42' during the study period were 28.1, 5.6, 1.1, 4.4, 6.5, and
5.8 ug/m?, respectively. Concentration of PM,; exceeding a 24-hr Korean PM, 5 standard of 35 pg/m?® was linked to rapid
increase in concentrations of NO;~ and NH,*. High concentration of PM, 5 was attributed to stable meteorological conditions,
such as high surface pressures around Korean peninsula and low wind speed, resulting in accumulation of air pollutants and
enhanced formation of secondary aerosol particles. Strong correlations of OC with WSOC (R2=0.91), HULIS (R*=0.96), and K*
(R2=0.96) were found, suggesting that OC, WSOC, and HULIS were strongly associated with biomass burning emissions. ATR-
FTIR analyses showed the presence of carbonyl groups (C=0), organonitrate (R-O-N-0O), and inorganic secondary ionic
species (NH,*, NO;~, and 50,27) in all PM, s samples. In addition, the presence of methylene groups (C-H), which can detect
the effects of biomass burning emissions, was confirmed. Peaks of methylene groups appeared on one third of 30 samples (9
days), during which the concentrations of K* and HULIS increased. Finally, the ATR-FTIR analysis indicated the presence of
carbonyl group in the urban study site and also methylene group possibly due to biomass burning emissions, identifying the
possible emission sources of PM, s in Gwangju in spring 2018.
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E] (Quartz microfiber filters, Whatman)2} EHZ=
E] (Teflo™, 2 um pore size, Pall)S AM&-5}t. 4
delo] HFH ABEL 47mm AAH 02 T 7jo] =
Bl S H3tt. o] F g 7= 77154 (organic carbon,
0QC), YAErA (elemental carbon, EC), 584 7]
B4 (water-soluble OC, WSOC)2} HULIS (humic-
like substances)& JBHohe Bl AL&ShC). the
g 7ll= FTIR 24 0] ARg-st. HE2 ZHEof A
HHE AlRE PM,s0 A 5ot 859 o2 4&
(Na*, NH,*, K*, Ca**, Mg**, CI, NO;, SO,.2 )= &
Ashs d ARESHAT. PM, 0] A% s thel2
2 A (Satorius CP2P-F)E ©|-8§-5to] JFeH A=
A 5o BBE Be| LA} FRule] o)
At

e of nE aE

2.2 EtA M21t0

OCe}t ECO] 7 2412 47mm A7 02 A2 4
¢ ZH | 1.5~3.0cm*E HAZ T NIOSH T2 EZ
Q1 &-333} FHY (thermal-optical transmittance
method) 5040 ®] (NIOSH, 1996) ©]-8-5t>f =3
SFTE WSOC 432 OCSHECE EA1ohL H-2 ©f
215 40 mLo] 32 254+ (182 MQ)E o84 =
2t ¥ TOC (total organic carbon, GE Sievers 5310C,
USA) 247 & AZelsladth TOC 240 obA =

2 M2 2

S 5292 025ume] A7 BHE o] §9) B8
4 28EL AR

WSOCS A5l d2 &2 HULISS 24
8t ] ARESHT: FEH O 2 EE HULISS] &2
Wb ket 2k
+ HLB (hydrophilic-
lipophilic-balanced) 'A% ZFE 2] 2] (Oasis HLB, 30

um, 60 mg/7+FE 2] Z], Waters, USA)E ©]-8-5o] o|F
ol 2™ HLB 4] A, F24 ¢, 55 4 A
429 I o= AYPEHUAT @ HLB FA° &
2H 244 HULISE 8&-55-8d W< 7%

T TOC EA47]|2 AFslstct. oo gt AHAIgH

=

A, 858 W L sl BE HEES
3 9] A7 ATl 2 Aol Yk (Park and Son,

2016; Son et al.,, 2015).

s3] ol o] 49
£ 20mLe XgE 250 FEU F o]2aEn}
E 2] (Metrohm AG, 930 Compact IC Flex, Swit-
zerland)®]l I3l o] Fo|H k. FEALS IC 7171 F
A A FEH Y =284 =2ES AASH] Hstd
0.25 um®] A2 = ottt £ AR
(blank filters)©] 73 F=5 ¥ A=t FA%
Hog FARN & AR9] HF s AAc=
HASH o2 dio] A Ao Be A%
W82 A A7 =5 & 7Ie=o] ot
(Park et al., 2015; Son et al., 2015).

oL

XH
M

2,
Tlo
O,
T
rh
iz}
o,
>,
I

2.3 ATR-FTIR 4

ATR-FTIR 242 FTIR (FT-IR/NIR Spectrometer
Frontier, PerkinElmer, USA)Z ©]-&5}%ith. FTIRS
Diamond/KRS-5 274 o] &9 ATR F4-50] 2
FEjgon, BAL 47mm AACRE A2 A9 o
HE ARSIt 4 T2 4000~450 cm ™o)™, 4
cm™ SFER AZSHAT S, 7T AR Rikg
< tsteto] B4-& skt

3. 2% R 1%

3.1 PM, 50| BHaIA| 4
I 1(a)E 2018 3Y 904 4Q §A7}A| 9
PM, ol EA5t= 8 51514 74 HAEE9 5%
2 HojEek 13 1b) PM,5 24 AHeNA 15
km Fol 4 gl £ AR EAGA Sush

J. Korean Soc. Atmos. Environ., Vol. 36, No. 2, April 2020, pp.171-184



174 ZME, R26, BS54, olde

(a) 03-08 03-10 03-12 03-14 03-16 03-18 03-20 03-22 03-24 03-26 03-28 03-30 0401 04-03 04-05 04-07 04-09
150 I L L L L L L L L L L L L L Il
. OC
120 | E EC
E NH,
— O Noy
E ] 3
5 e S0,
£ I Others
Q
s 60
O
(b) 10
= - 0.8
5 -
=3 g
= 06 &
g Q
o =]
S L 04 8
@]
2 S
F02
D T T T T T T T L) T T T Ll L) T 0'0
(¢) 30 120
G 241 BUIEES
g =
g 18] ! 3
E 18 80 E
= 2
5 12 60 o
i) k=
s P
] [ &
0 T T ] L] ¥ T 1 T T 1 L] T 1 1 T 20
d 10 1050
—a— Wind speed ? E
7\0\ By — = Sea-level pressure [ 1040 <
£ e
- 61 - 1030 2
3 3]
=3 g8
2 44 L1020
8 %
2] 1010 %
Q
w2
0 1 T T T T T T T T T T 1000
03-08 03-10 03-12 03-14 03-16 03-18 03-20 03-22 03-24 03-26 03-28 03-30 (4-01 04-03 04-05 04-07 04-09
Measurement period
Fig. 1. Chemical composition associated with PM, s and meteorological parameters.
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Fig. 3. Correlations between (a) OC and EC, and (b) OC, HULIS, and K*.

12

1.0 —

038

0.6

Organonitrates

04 Sulfate

Ammonium .
Ammonium

. - Organonitrates
02 Ammonium Nitrate &

Transmissivity (normalization)

0.0 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™")
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Table 1. Typical peak frequency of organic and inorganic molecules and their observed ATR-FTIR spectral frequencies.

Functional groups

Frequency in this study
(cm™)

Frequency from literature
(em™)

References

NH,*

3213~3191
3048~3040, 1425~1417

3230, 3040, 1420

Allen et al.(1994)
Maria et al. (2003)

Hawkin et al.(2010)

Methylene (C-H) 2910, 2850 2920, 2850 Corrigan et al.(2013)
Zhang et al.(2020)

1850~1640, 1714 Allen et al.(1994)

Carbonyl (C=0) 1770~1700 1770~1700 Anil etal.(2003)
1745, 1700 Shaka and Saliba (2004)
1631, 1278, 856 Allen et al.(1994)

. 1630, 1270 Anil et al. (2003)
Organonitrate (R-O-N-O) 1637~1618, 878~865 1635 Ghauch et al. (2006)

1629, 1278, 860

Day etal.(2010)

1335~1318, 835~825

Allen et al.(1994)

NO; 1356~1331 1380~1350, 840~815 Maria et al. (2003)
1135~1103, 615~612 Allen et al. (1994)
635~580 Maria et al. (2002)

Joka 672~599 615~612,1135~1103 Maria et al. (2003)
1110 Anil et al.(2003)

1100, 670, 615, 603 Varrica et al.(2019)

Blank sample
March 30

Transmissivity (normalization)

0.80 T T T T

4000 3900 3800 3700 3600 3500 3400 3300 3200 3100 3000 2900 2800 2700 2600 2500 2400 2300

Wavenumber (cm™")

Fig. 5. ATR-FTIR spectra of PM, 5 in the wavenumber of 2300~4000 cm™' for blank sample (black) and a sample on March 30.

Art. FHAol methylene group (C-H)9] T3+= 4&F
Az ATt ZRI=| ATt

3.3.1 C-H groups
% 5+ 2910cm™ ¥ 2850 cm™'ollA] W37} 31
o] Yeht:= 39 3099 FTIR B4 Axfolth 2910
cm™! @ 2850 cm oA EFIR S PARS Holk 13

+ alkane®] T3 2 methylene group (-CH,-)2| C-H
AEHA &4 129t XSk} (Pavia et al., 2008).
Methyl 2 methylene groupse 2159 THS G311
Q= DA B (cuticle) Q] A4 IHA (Hlo]ufj A o
Z)of olote] HAHET Y 4 A Tk (Medeiros et
al., 2006; Simoneit et al., 2004; Fang et al., 1999; Simo-
neit, 1985).
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Corrigan et al. (2013)-2 2]AJo} AT HESL - F 2}
ojuf FXofl A LAY A=) EFo] WHE9 SH
=9 Aol FFE T2 W AFHE A rE=TE
29107} 2850 cm™'oflA] H]S:Rt m]2E ISk
Hawkins and Russell (2010)-2 FTIRS ©]-&5}4] alka-
ne, alkene, aromatic C=CH, alcohol, phenol, primary
amine, aldehyde, ketone, carboxylic acid 52| &5} 4
e A 245, o]& AR E ©]-85t] PMF
2 skt PMF 238 23} vho] @2
4 QPUolA 7HE B2 7199%=E ZHA|3t alkane
(48%)°] 7 LHE=HEE WH I, alkane®] WA=
methylene groups©ll 4] E.o]= 292037 2850 cm™ o]l 4]
LERg T T3, Zhang et al. (2020)2 1 T 22910
€} 2850 cm™)E HpolmiA 4= S| HiEH
HULISE 542 4 3l w22l Faith

A 713 F 2910 cm™'9F 2850 e oflA] FSIgE
35 Hols A= T 992 39 99, 11, 24~27
&, 29~310] UET. s w27} vehd 492
HULIS-C B3 5=+ 4.3 ugC/m*2.2 137} et
U] 32 A9-9) W B (24 pgC/m)HTH F 18
v =Sk, 7|E0] A AT} (Zhang et al., 2020;
Hawkins and Russell, 2010)2} &2 HFol| A ZATE
HULIS®] 5=} s u]3.0] FA =g Hho] o)
2 4 IHo] HULISY| Fa3t HiEdolgla< o

A

= =
o]

H

3.3.2 C=0 groups

T4 62 38 3040l AFE A= FTIR 24 2
HEF (1500~3000 cm )2 Hoj&Ect 18 6olA Y
Ehd 1770 cm ™3} 1700 cm ™ Apelofl A GAl G/
1] 3= ketones, aldehydes @ carboxylic acid®t &2
carbonyl group (C=0)2.2 24 )t} (Shaka' and
Saliba, 2004; Allen et al., 1994). 3| carboxylic acid
= A &F 9L A= 7)€l oJet frlektEEe]
5}e} Hh-g-© 2 YA Erh(Satsumabayashi et al., 1989).
FTIR 412 &5l 1% carbonyl group2 H-5 <l
A4 HiEo] tha EAISHE AT AT Al A
oA YR THAL SFRATH(Varrica et al. 2019; Mohiud-
din et al. 2015; Anil et al. 2014; Shaka’ and Saliba,
2004). & Ao A FTIR 40 o8] &21H carbon-
yl group 0] Hlj7|7EA0f o5t o] F3igt
7 A=A 219 9] di7] el JAte] A4S
Kol

3.3.3 Organonitrate (R-O-N-O)

I 72 3¢ 9ol AHH S PM, 9] FTIR B4 A~
HEY S HojEoh dRtA 0 & FTIR AHEH A
1631, 1278 & 856 cm ™'l A YEF T 3+ organoni-
trate 20 2 7FHFE5ITEH(Allen et al., 1994). 13 7
2 B organonitrate 2] EAHE AT 4= 9t 1631

cm™! FHo|A] Holk Q.o 3% organonitrate

= Blank sample
March 30

Transmissivity (normalization)

0.80

Wavenumber (cm™")

3000 2900 2800 2700 2600 2500 2400 2300 2200 2100 2000 1900 1800 1700 1600 1500

Fig. 6. ATR-FTIR spectra of PM, s in the wavenumber of 1500~3000 cm™' for blank sample (black) and a sample on March 30

(red).
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Tt o} 2} aromatic amide '@ amine organic function-
al group®| A= LEFL= 1] =10]H (Day et al., 2010),
organonitrates £7J5}7] a4+ 12787} 856 cm™
o] MAL gRlstojof ghrh 3, Alge] 2ol &4
o2 Yehts 1620 cm™ FHC] I3 1631
cm oA UERbE T30 HE] @R Qe 1A
2ol g5t Y EAs517]7} oAt

2 Aol A 4287t FTIR 241 Aol &Jshd 1631
em™' A A T E SRISFAA|TE HE FZolA 1t
Eh= 13 1891 3620, 3400~3200 Z 1620 cm ™'
A1 1620 cm™& A|I3F 2] ol A= 327 B
o1 gorek eI ofel @] ofek B ol
w70 &AL 25~10um 2719 2 4 B E
P12l o @elo] FA4) A Yeht 2oz se1slg)
T} (Varrica et al., 2019; Anil et al., 2014). oA AF
gt A Ae} FTIR w40 AMEE HE A5
A Aol AmES T2 AR F ARSI
ol 2ol 2 A=A 1631 em™ SR 9] mhgofl A £l

r

o

¥ 13 EXR = organonitrate®]] s@oh= A 02
THFIE OrganonitrateS SHsHA £7ds7] ¢t

°f 1631 cm™ 9] M 2AF ofLf2t 12783} 856 cm ™2
3% AEEe} 18] 704 1278 cm™1o] T
A 337} 1] Pokort, ol A9 FA oA
UERF= 1047 cm ™' 9] 0] =29} 3 @AYol 97t Ao
2 wohe|n, 878~865 cm ™ol 4] LEh = 135 St

ol5FgiTh

Organonitrate®] A4 A2 2 A7t 3H4
cLie] Al <lofol o] el W 7124 5
SkghE©] OH- E= 0,949 Hh-3-5 “55to] A4 =7
L, ozt AVJEH = NO;- alkene4 Hhgo2 Ay
AHEty B3 53 Qtd (Lim and Ziemann, 2009;
Matsunaga and Ziemann, 2009; Roberts, 1990). Z1&]
L 2 Aol M= PM, 59 Alm AF7F 24R1F 5<F
°] 1% organonitrate®] W3t o] B WS =

o 4 219

Ol

[0
N

3.3.4 27| 0|2HES

O% 82 3¢ 240 AFSE PM, 9] FTIR =4
HolEoh 19e B 23 77] o] 24

= (NH,*, NO;™ ¥ 50,7) 9] 527} F-SsHA| et
Z-$-olt}. 3213~3191, 3048~3040 L 1425~1417
cm™o A e o] 3= NH, o]t} 3048~3040 cm™!
oA vehd m]3= NH, 9| N-H 2¢te] 415 As
ofl &3t 7 (Allen et al., 1994) 2.2 ] F9] gAfo] off
2 oFst Wi, 1425~1417 cm™ oA Hol= m3E=
NH, "¢ Higo] ot Ao g2x u77} 73544 Yt
= EA4ES EYt (Maria et al., 2003; Allen et al.,
1994). Allen et al. (1994)°1 2J5PH PM, ;o4 NH,*
9] FTIRY] Wl E o)l = SPAta} HHS-8 Eof A=
(NH,),50,2} NH,HSO,°] 523t 92 3}, PM,,

HE EJ 2
11—

oA [

1 L
R 1.05 i I
=1
8
E ]-OO'MW
=
g
g 0.95
\S3
&
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Fig. 7. ATR-FTIR spectra of PM, 5 in the wavenumbers of 2500~1500 cm™

sample on March 9 (red).
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Fig. 8. ATR-FTIR spectra of PM, 5 in the wavenumber range of 4000~450 cm™" for blank sample (black) and a sample on March

24 (red).

9] 7-90]| = NH,NO; S A| FTIR®] 4! Z5=0] 7]ofgh
oh skelet. A efshd, 7] 42k Ul S0l FF
o 74 Hl&o] FTIRS] B o] & L &
4= 9t} 1356~1331 cm™ oA UERY 3= NO,”
2 NH,NO;2| NO; 7} 835~825cm™ ¥ 1335~1318
cm A T 25 YERATH (Allen et al., 1994).
43t & AFEj 9] NH,NO5+= 713, 1040, 18] 1 1752
cm oA & oFjt W] ZE Hol|uk, Ayt T 7] o] &
ZolAe o327t BHolA] =Tkl sh3iTh

AT 717 T AFT PM, 14 1356~1331 cm™!
o] w349t B¢ o 835~825cm™ 1] W Ao F
oA Yehd 800 cm™ 9] 72t macte] HY 4
domg Qlste] UehA] ¢f2 Zow maskqint
672~599 cm™' 9] T I 50,279 EAof| 2J5) Lreht
2H Egoln] ¥4 0 & (NH,),50,9] SO ¢Js}
o] 615~612cm™ @ 1135~1103 cm™'o|A] B2 E 1}
EpfT

w5l

a1,

Aol A= FFg A olA 2018 &2 PM, 59
sksta EAE XARSH] fl5te] ATR-FTIR H4<
S=3P5kA T 24417 PM, 9] A= A F = 2018 3Y
99U E] 4 8U7HA] o]FolF o AFH AmE2

OC, EC, WSOC, HULIS ¥ 8%9] o] A7} FTIR
A& p3ok= ol ARESHITh
717+ % PM, 5, OC, EC, NH, ", NO,;” ¥ SO,>
o] Pt == 247 28.1, 5.6, 1.1, 4.4, 6.5, 5.8 pug/m’
O & Ve PM, 59 24A17F Bt 7|EXE 23t
st s At Al NH, Y, NO;™ 2 S0, 9] Bt -5
£ H sk Al Pt s Hrt 1.8,7.0,2.78
7kttt 223 PM, solA ARk H&2
1.3, 2.3, 0.98] S7F5H5Att PM, ;9] A5k @4F
AR/ 71 2L FE 7|2, B T5
S 7]9& Helow, o]t 2AAstof|A] 7]
7\1_,] =23} 22} 0ﬂ°1§5— 01;4}_,] /\Hklo] 17]-
o] PM, 50 Tk o= 7HAgkS ot
OC®t HULIS ¥ K*9] A= of¢- ¢
oo (22 R?=0.96, 0.79), HULIS2} K+ 2] AMz
T ol (RP=078). o2t Ak
ZB/dE OC7} Hio] @ui A ¢14 wjEo] o]t
1194 oq%]:& 1:11—01—0 (¢] o]-/\] O]—E}- oq:’L 7]7
T2} EC, WSOC, HULIS ¥ Kt 5 A}
H =2 AT (R =0.75~0.96)=
T 1280 2 2R} 7| ARt 0}
oA A4 @ FHof oA P 7
=g
ATR-FTIR 24 A3}, BE PM, 9] A=A carb-
onyl group (1770~1700 cm™), organonitrate (1637~
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1630, 878~865 cm™}), NH4+ (3213~3191, 3048~3040,
1425~1417 cm™), NO;™ (1356~1331 cm™}), 18|11
SO (672~599 cm™) 9] EA7F FIE| i} Eh =
Y F oF 30%°l Gtz 9U<] PM, 59 A=A
Hpo] Quj A A40] A2 YE= methylene group
(2910, 2850 cm™) ] W=7} FHE|QTE AR o2
PM, 5] ATR-FTIR 4]0f| &Jsfl 335 TA] 2]< 7]
Azto] EAJ-& Hol= carbonyl groupdt HFo] @ ufA
A49] ggFo] YER= methylene group] EAHE
SRISHITE PM, 59| 83 3FohA] AJ7.0] A= 4]
T} FTIRS ©|-8%F #8394 W o] A2 3579
PM, 9] HiE¥S o FAH o2 EFT 4 3L

54E HolZSTY,
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