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Characterization of fine organic aerosols from biomass burning
emissions using FTIR method
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Abstract

Fresh PM,s smokes emitted from combustion of four biomass materials (pellet, palm fruit fiber (PFF), PKS, and
sawdust) in a laboratory-controlled environment were characterized using an attenuated total reflectance-fourier
transform infrared (ATR-FTIR) technique. In smoke samples emitted from combustion of pellets, PFF and PKS, which
is being used as boiler fuels for greenhouses in rural areas, the organic carbon/elemental carbon (OC/EC) ratios in
PM,s were very high (14.0-35.5), whereas in sawdust smoke samples they were significantly low (<4.0) due to the
combustion method close to flaming combustion.

ATR-FTIR analysis showed that OH(3400-3250 cm™), CH3(2958-2840 cm™), CH»(2910 cm” and 2850 cm™),
ketone(1726-1697 cm™), C=C(1607-1606 cm™ and 1515-1514 cm™), lignin (1463-1462 cm™ and 1430-1428 cm™) and
-NO5(1360-1370 cm™) peaks were identified in all biomass burning (BB) smoke samples. However, additional peaks
appeared depending on the type of biomass. Among the four types of biomass materials, an additional peak of the
methylene group CH3(2872-2870 cm™) appeared only in PFF and PKS smoke samples, and a peak of C=0(1685 cm™)
was also confirmed. And in the case of PKS smoke samples, a peak of aromatic C=C(1593 cm™ and 1476 cm™) that
did not appear in other BB samples was also observed. This indicates that the molecular structure of organic
compounds emitted during BB differs depending on the type of biomass materials. The results of this study are
expected to provide valuable information to more specifically reveal the effect of BB on PM,s collected in the
atmospheric environment.
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Hlo] @ ml A~ (biomass) FAE WjEHE o2
VAE AAA EE A4 Ao WEH, ol
Z 184 mE o2 28E HA A4, ¥
A 22 FHAE 427, 283 A= (pellen ¥
& W(sawdust) 5 Z vlol JA8E T FA
o v ol gk vl ons An WE AR
Mo BPRAIAS 4 FE A
StAY HHHoR FE-5AS(cloud condensation
nuclei, CCN)©. 2 Z+g-3}o] 2|4+ 7]|% W3l 3k
< "X H(Linuma et al., 2007).

Hpol e Aol oJate] A
= A= FE OFE S4, 487
s Hho] 2 Z 2] (biopolymers), 2] 11 (lignin), A
E 2 Q2 (cellulose) 2 Fu]AEZ @ 2 (hemicellulo
se)?] 3l i dRE AdEE TAH o
(Popovicheva et al., 2019), 4714 o, AWk 4 &
dl3lo] = (aldehyde) o] =+ Abste]l s wiE Sl
Zpol Aol &S vl TtHLammers et al., 2009).
HAl(wood)y= A& Al &7} FUHESE g W
5 e dEat Aacid)s WESHL, W

EoAE AtAstd AEdREYN FREAE A
3} (Fitzpatrick et al., 2007), B]-AHY 7F2 R 7]
(carbonyl groups)i= HPol 2w A Al A s
Aol & Ao 4#A AthLiu et al, 2009). ©] %
o Aol g3td, wlolemAs ALEFEH mEFH
7] &k A~ (organic carbon, OC) Z 9 4 EH4x(elemental
carbon, EC)i= A7+ t7]e]l EAlsH= 0Cst ECO
39%9F  85%E AAshE AoR FAHIoH
(Andreae, 1991), HFO] QWA A4 AHAS F3t
PM,s¢] 38H2] Ad A Ao &3t vlo] ey
29 Tl Aa x| wet vhEu 0c9k ECE
247} PMps®l 46.5~58.3%9F 1.1~7.5%% A8k
Ao 2 EFStH(Sheesiey et al, 2003; Park and
Yu, 2016).

AA7EA wpolom s AARE WEEHE =2
o] 5L w37 fs AF7F theFs WHo
8 5] 9l th(Sheesiey et al, 2003; Linuma et al.,
2007; Park and Yu, 2016; Park et al., 2020; Popovicheva
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et al., 2020). 53], 2ol W2t A X (fourier transform
infrared, FTIR) &35 o]&dte e H3e 7]
AR 7Y do2E B4, A 2 299 AL
k=t "¢ #-2]5FcHPopovicheva et al., 2020). ©] &
YAajo} BEAuHleA FHe] PMpe EAHT F
FTIR ¥4y FAHE component
analysis)= F-83fo], Hlol Quj A~ A 7] 7bel] &l
(alkenes), ol ~E| Z(esters), 7254 AH(carboxylic
acid), &dlsto]l= 9 C=C2o FAE P}t *=
Sk, Popovicheva et al. (2019)> #|Alo}e] HHZ E
g Aol Al shA7E Ak 7]7kel| PMyg 3t

R
o FTIRS #4432, g4l 24 A 2 Aid
L [e]
— T
\=
]

=4 (principal

Ho] @ u A0 Fioll wel PMs 738t 7
E4o] tt2A4 uyehwgch FERUE 9 AyRs

- =

Aad W wjEE ARl AL, BES, &
A, TS Aastdee] vAarh aEEsit =
o O dAa Aol wWiEH s V]9 UWEel w
gf v a7h g@ston, o AV7F 2 w= A
BT e e o B = o A < P b i

+ carboxyl acid7} A3t TE. Fan et al. (2016)
< 3, S A, AUy 7 9 Aes da
17 PMpsoll  EAsk= 84 /7
humic-like substances (HULIS)E FTIRZ &4
Hpol e uj A A4z 5-E HlE¥ HULISCA
(lignin) FAF &4 9 &@Fsts 727 gk, W
Wl ARk AR wlEE HULISE Was 727}
o @o] A3

FEvebs e EAA BA=7FA] me] A el
so71Re) B 243 vlole ARE olgd
7142 okaA713 st vol
1 Z~(smoldering combustion) %
Ao ATt o]FolAER A ARE o] &3}

Fael yAZiarg 4 o
OC/EC M7} &4 %2 A= wigdd =, &2
A9 gitEe] fUIEAR olFolA vk tY]
Z olo]Z2ZF A Ul Hio]lewmiA Ahke g3 o
Agsely) sl Qudew
OC/EC H], K7, levoglucosan 52 F4x} &5 &
|33 3thJo et al, 2018; Liang et al., 2020; Son
et al, 2021). I ol9} T WHES #S5H
Hpo] @uj A~ AATE ofE FR{Y upolewjA E4
o] dAzel g3 o]FolREAE EQlEH] oHA
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th webA 2 AFNAE AlE AYGeA vl e
ATE o] AE-5E #E, palm fruit fiber (PFF),
PKS 3 i3S ALAA AFHET PMys0] ©4a A
=0OC % EC) 74 FWHAF  (attenuated total
reflectance, ATR) FTIR +4-& 433} nlo]eu)
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2.1 HIO|ROHA HA HHE PM25 A2 ZHZ

I 12 Afolemiae] A4 wlE PM,se ME
2 /\l*E“PJ MeFEolth, 13 28 Ak g A}
8_ vl R/ wloleujiagl 7] HilE = AF

Msz EEE HoFEg Wl /Y Hiol o)
2 % #H8, PFF 9 PKSE & X999 ujd 24
718 BAHE Axshs &R AN TE
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= 34 AWeA Ad FVIE A di7®
HlE e $ 47 mm 273 A9 ZE|(Pallflex Tissu-
quartz 2500 QAO, Whatman)7} “¢2H# F tfe] Af
o]|Z% AZ2(URG-2000-30EH, 16.7 L/min)°l| <J3}
o] ok 10~15% & AHAHANUT A E A= F
3 oHlo] Quj A W L% FAFto|A 33 REE =3
slvh 7 oo AEY F % de g4 oy
(Sunset Lab., OR, USA)E A X3} o, AFH 3 Al
51 0C% EC AwS F4skdch a8la o
st 8] AlEefelA AH AS+= ATR-FTIR #
Aol AFg-3FSA T

ol'

o% 1S

Dilution chamber
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U iwion s 1]
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Figure 1. A schematic diagram of sampling
facility for biomass burning smokes.
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22 PMzs 2 sk Y EAME 2M

PMys A% sE& vlolomjA A4 AFe AHS
o Ag ZHY AE AFH A F
o] &3lo] ArFEgorn, FA=
(CP2P-F, Satorius, Germany)=® * =38}ttt ®AA
T % 0C 4 EC ¥4 A&7t 2304 49 ZH
£ 028 ecm’ A7]E ZE OC/EC +47](OC/EC
Carbon Aerosol Analyser, Sunset Laboratory, USA)=
483l om, OCEC? #417]:= NIOSH Method
5040 (National Occupational Safety and Health) <%
TREZ 7|§re] 4338t F 3 (Thermal-Optical
Transmittance) .2 X Ht} OC @ EC AF9 F
e ¥ ARY WA wEE BAsk] A

Ak,

S oy

2.3 ATR-FTIR M
A& ATR-FTIR #4]2 FTIR (FT-IR/NIR Spec
trometer Frontier, PerkinElmer, USA)T% A3 T}
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Algel Ao WE APHoer FAAA EHe
i dubAQl FTIR @] ATR-FTIRS #9140 1
o] 7171 W] AA¥ ATR crystal® HAWHAF &
T AR s S5 de SAs Arje W
e F5 AFEFS deth B ARed

FTIR® ATR crystal?} detector= ZtZ} Diamond/
KRS-5 crystal?} deuterated triglycine sulfate (DTGS)
detector®] ™, beam splitter®] |22 KBrZ T4%
a1, Y42 Air cooled ceramicE AFE-3tch T
4 93 9 4 EE 747 4000~450 cm’, 4 cm
2 dAste] #A4e s3I0 BAL &4 ey
= AAsHA e Az
dE & AMERom, &
2tk ATR-FTIR®IA]
PerkinElmer Spectrum

& st sto] AFE

Smokes

-

Smokes

Smokes

! 4 -’

Figure 2. Photographs of roaw biomass materials
and their smke samples. Four different
biomass materials used in this study are
(a) pellet, (b) palm fruit fiber (PFF), (c)
PKS, and (d) sawdust.
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3. Zut A nF

3.1 HIO|OHA HA HIE PM,s9| Bt ME EM

A2} PFFO] A4 wiE PM,s Wl OC$} ECY -5
T Z7F 3.11£1.229F 0.2320.11 mgC/mi, 19.24+0.45
9} 0.69+0.05 mgC/molglth ©]=2] OCEC+ ZH2t
14.0£0.89} 28.1+1.40] 91t} w3k PKSS} Hnhte] A
HlZE PMys Wl OCe} ECO s%i= 717t 37.87+0.79
9} 1.08+0.13 mgC/m, 16.29+1.46%} 4.30£1.19 mgC/m
o]glth. ©]E5¢] OCECE ZHZb 35.514+4.03} 3.9+0.8
olth B A7) AIEE A OE 3FF A
BoAE ml$ =& OC/EC H|(14.0-35.5)5 HojF
o olg MEL A I AdhHtE AV
o] MiEd ZHow B 4 gl
HE A7) NaEY AZS B

o 3

2
[
it
of
:?L_“
o
>
N6 g 1 o

3.2 AFR—FTIR 248 S8 PM,s2| 3I8Hd E4

%13 1¥3e #AY, PFF, PKS ¥ EWHS 7tz
~300 ‘ColA] dAa A7l & AdE PMysE
o] ATR-FTIREZ +A4% Aiolrt gk, I3 3]
Hpo] @i~ A Yatel vmE A FF E4A
Ao A AFH I PM,se] ATR-FTIR 4] AI(IH
39 AFA S AT 718 PM,s9
ATR-FTIR 4 Ave o]de A5 (Son et al,
2020 AAIE] ZeE o, B4 A9E 73]
Aetd PM,s8 74 AR T & HlES AAs
= 84 ol& AEQl NH,(3213-3191, 3048-3040,
1425-1417 em™), NOs(1356-1331 cm™) % SO, (672-599
em)e] F AL A HolH, PMysoll 4TS vl
A= eddel EAC wekAd C-HE2910, 2850
em™), C=0(1770-1700 cm™) ¥ A% vephdch 13
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Figure 3. FTIR spectra of PM,s collected by four types of biomass burning. Black line indicates spectra for
blank quartz filter. Yellow—green, blue, red, purple, and dark grey lines rpreesent FTIR spectra
for ambient PM2s sample, pellet, PFF, PKS, and sawdust, respectively.

Table 1. FTIR spectra of PMz5s collected from combustion of four types of biomass materials.

. Appearance spectra (cm™)
Funnctioal groups
Pellet PFF PKS Sawdust
Alcohol or
O-H . 3400 3250 3350 3300
carboxyl acid
Methylene
CH; 2958 2955, 2870 2955, 2872 2940
groups
Methylene
CH» 2910, 2850 2910, 2850 2910, 2850 2910, 2850
groups
Ri-(C=0)-R, Ketone 1697 1703 1700 1726
C=0 Aldehydes - 1685 1685 -
Aromatic 1605, 1593,
C=C 1605, 1514 1607, 1592, 1515 1596, 1514
compounds 1515, 1476
C-H o
o Lignin 1463 1463 1463 1462
asymmetric vibration
Aromatic ring o
o Lignin 1428 1430 1429 1428
skeleton vibration
Nitroaromatic
-NO, 1362 1370 1360 1368
compounds

Part. Aerosol Res. Vol. 17, No. 4(2021)
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3004 A A 7] PM,sS) FTIR A% o)A
o] Aot FU&A NH,, NOy, SO, C-H ¥ C=0
o] a7t A=

Ul T/ vpolema AxelA AT PMys9
ATR-FTIR 4] A= dwbAel of7]873 e 234
9} wj-9- =gtk 3400-3250 cmollA UEbd =
+ alcohol(-OH) %! carboxyl acid(-COOH)®] O-HO]
T} Methylene groups®] A& F TpgolA vieb
] 2958-2040 cm 9} 2872-2870 cm'S ¥ A= CH;
ola, 2910 cm™9} 2850 cm’& CH,°]thPalen et
al, 1992). CH;9| = ZF 2958-2940 cm™9] A+
PFF9} PKSollARE vrebtow, A8 Frke 242
2958 cm'9} 2940 cm'e] ¥ AW EASSATE CH,
e EE volulh A AlmelA YERTH
Methyl 2 methylene groupsi= 21&2] ol EA3}t
= 94 AdE(cuticle)?] AAZE YA E v (Medeiroset
al., 2006), 2HE 2] 3ol Zst 713ke] 2 i)
o o] ZZoll A 2910 cm'F 2850 cm' 2] ¥ A7} EA
stthal &% th(Corrigan et al, 2013). 1726-1697
em™9] oA YeRd 333 ketone O Z (Hawkins
et al., 2010; Kubovsky et al.,, 2020), H}o] QujA <
A9 S Hke pM oA ketonel FE &
o] %7} th(Hawkins et al., 2010). 1685 cm” 3=
+ aldehydes® C=O(Popovicheva et al., 2019)%
PFFY PKSelA®F uebstth 1607-1606 cm™ 3=
= WEFH  C=ColH(Popovicheva et al, 2019),
1596-1592 cm™, 1514-1514 ecm™ @ 1476 cm'o A=
¥3%E HQU(Fan et al, 2016; Ruggeri and
Takahama, 2016). Fan et al. (2016)2] A-o4 H}
oleujA A4 1718 PMysell EAISHE HULISE
FTIR 4] Aol o8t WS c=Ct Avtgd
7183 A E YERGA] ool rlo] Quf A 149
FARE AHEE 5 Aok BIEQoHFan et al,
2016). & Aol & Hpo] Quj o] Fiol whzbA
WakE c=C ¥ a7} E}E'Jﬂ et PKSE M|
T WES g3zt 25 yEhd dbdel, PFFE
A F7Y I 7(1607-1606 cm“, 1596-1592 ecm™ W
1514-1514 em™)F A=) 283 F3L 1605
em'# 1514-1514 cm? ¥ AR 501013%
1596 cm'¥} 1514-1514 cm'olAd T =7}
v} 1463-1462 cm” ¥|FI= C-H B H
3k Zlol™, 1430-1426 ecm'S WEFFH 1

f
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Ao 7 YEFATH(Lee et al., 2020). 1370-1360 cm’!
o] #3+= WEks A 43185 (nitroaromatic compound)
2] -NO,°]tKDekermenjian et al., 1999; Li et al., 2020).
WS ALEES AR gAY oS
&H= Qlz}o] v (Lin et al., 2017), HFo] Qul]2 ¢l Ai=
A R Fod gddom oA Qv
(Chakrabrty et al., 2010; Chen and Bond, 2010). +
ATl vERd I35 g 2d(lignin)®] FTIR
ZA3}2} ¥]S=5HH (Boeriu et al., 2004; Lee et al., 2020),
g deA JeER}R oo wEEE 2 A3lEkEo] -
NO, ¥37} F7h8 o yebyth 53], 21d9
R = Hol e AN *ﬁ*E% #71 el
o2FS FQ2 Ao F WuE I Ti(Sheesley
and Schauer, 2003; Linuma et al., 2007).

ol e AL wijE YdAelME th]1 8 ol A
733tAl K]l NHy', NOy 3! 80,79 9|7} &5t
A skt wbdel tiZ1 @AM okstAl yrehd
methylene groups®] 37} Fgom, thr]gH 9
2] Ashuo o opere §7]1240] tept vo]
euls dh wE dAE s T2 e A
$ol 471849 nAETH ot wlolen)a
o wel g2 YEhs 93 o] oo
ERul Ax A MEEE g8t gro] ek
= 9o

[0

Y o S

4. QoF ol 7E4§

-| =

AfoME &
Wg ASE A FA Wl FFHY vholem A
B, PFF, PKS ¥ H¥hE AT gH0A 7]
T dr]-stg o R A4zl T owAsis

A

PMys AEE AT o5 wi HE 54
POt wow #ed S4e 2 &
Ag nel AR AH§ Tl A3, PFF Y PKS

o] 7] A|FEA= PMys Wl OC/EC H](14.0-35.5)
7F ol =A AR Rk, FRb 7] Al EA
3t Aol 7S ¢
3] $k& OC/EC M](<4.0)7} Z4 = Ad).

ATR-FTIR £40A &= BE Hlo]ouA 7] Al
oA 0-H(3400-3250 cm™), CH3(2958-2840 cm™),
CH,(2910 cm’, 2850 cm™), R;-(C=0)-Ry(1726-1697

rlr

A WAl o F QlE AT
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em™), C=C(1607-1606 cm™, 1515-1514 cm™), &J2d
(1463-1462 cm™, 1430-1428 cm™) 2! —NO,(1360-1370
em’) A7 EAZ O, vlo] ewjae] FRe] u)
A F7HA Q1 I A E0] YERERTE Wl T/ Hlol
QulA F PFF®} PKSOlATH methylene group?!
CH;(2872-2870 cm™)9] F7}4<Ql F 37} YElH e
w, C=0(1685 cm™e] FIA L U} 11
PKSS 7%, thE mlo]lu x| UElgA] oFe
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