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Evaluation of PM 2.5 Using Biomass
Burning Materials in Seoul
Climate and Air Quality Research Team
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Suk-ryul Oh, Man-ho Lee and Soo-mi Eo

Abstract

Biomass burning, such as forest fires, domestic heating, and combustion of

agricultural residues, can have a significant impact on air quality. Representative biomass

burning tracers include levoglucosan, mannosan, and galactosan.

In this study, the concentrations of these tracers were measured at two air

monitoring stations in Seoul.

In 2018, the concentration of levoglucosan ranged from 18.6 to 211.5 ng/m3 at
Jong-ro and 17.7 to 216.4ng/m’ at Gwang-jin, showing a pattern typically high in
winter and low in summer. The correlations of levoglucosan with PM2.5, OC, EC were

high in winter and fall, while low correlations were found in spring and summer. The

effect of biomass burning on PM2.5 concentration changes in winter was large.

The concentration of levoglucosan showed different trends, relative to PM2.5 high

concentration, in March and November. In March, the concentration of levoglucosan

increased the day before the PM2.5 concentration increased rapidly. In November, the

concentration of levoglucosan remained high during the period of PM2.5 increase.

Key words : PM2.5, biomass burning, levoglucosan, correlation analysis
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HAE QHE ZEE 40mL A do] ¥ W
FEFEA(dT-levoglucosan) 10 uLE %7}, 2:1
(v/v) dichloromethane : methanol 7mL<S ¥
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FAE FA|E oubel T ohA] AlE el 2:1
(v/v) dichloromethane : methanol 5mL& ¥
i 22k 258 FEE ST 94 & F 2
oS AR 7 A 23X FEIAY
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Axsigion Axgk ol 20 puL anhydrous

pyridine, BSTFA+1%-TMCS 100 pL, 1:1

(v/v) dichloromethane : hexane 280 uL %]
A 400 L2 3 F vortexing 8 th 80T
2N FrEAS H4E AR 1 & 111(v/v)
dichloromethane : hexane 200 L& %7}, vials

Sample(Quartz filter)

l/ <—— Internal std. 10uL

Extraction(30min, 20min)
(DCM:MeOH=2:1 7mL, 5mL)

\’

Filtration(PTFE filter)

l

Drying(N2gas)

<— prydine + BSTFA+1%TMCS

Derivatization(2hr, 80°C)

l

GC/MS analysis

Fig. 2. Pretreatment and analytical procedure.
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(precision)S H7Fstgith. FAAL 0.9967~
0.9989% ¢33t AxE YepSIT. 3¢&7 4
WUE+= NIST SRM(2786, fine Atmospheric
Particulate Matter, particles <4 um)< AM&
sto] AFghs AbEsksi.

743&;\% AXMA 0.99 ]AL‘ AT 10% O]LH,
AL 20% ol 7]+ wbEete] EA AR AlE]
55 FH3T. Low Volume air sampler®
2472 g TPl s W, ElEEFIst
o g7 % 79.%6&741%5% 0.1ng/m’, t7] =
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Table 1. The operation parameters of GC/MS for analysis

Parameter Operating conditions
Column DB5(30m x 0.25 mm ID 0.25 um film thickness
Flow Rate 1.5 mL/min
Injection volume 10 uLu

Oven temp.

Inlet mode/temp.

80°C (5min) — 3°C/min — 200C (2min) — 15°C/min — 300°C (5min)

split mode/270C

Table 2. Results of the validation test

Chemicals Levoglucosan Mannosan Galactosan
LOD(ng/m") 0.1 0.3 0.1
LOQ(ng/m’) 0.3 0.9 0.4
Linearity(R?) 0.9967 0.9989 0.9989
Recovery (%) 90.9 86.8 109.5
Precision(%) 0.3 5.4 4.0
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Fig. 3. Monthly concentration of levoglucosan, Mannosan, Galactosan at Jong-ro.
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Fig. 4. Monthly concentration of levoglucosan, Mannosan, Galactosan at Gwang-jin.
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Table 3. Seasonal and annual mean concentration of PM2.5, OC, EC and biomass burning tracer

levoglucosan at Jong-ro and Gwang-jin

Levoglucosan PM2.5 0oC EC

(ng/m”) (ug/m”) (ug/m”) (ug/m”)
Winter 158.9 22.7 4.2 1.6
Spring 61.7 22.2 3.0 1.0
Summer 19.7 19.6 2.9 0.9
Fall 90.0 20.2 3.7 1.2
Mean 83.4 21.1 3.5 1.2
SD 73.7 13.1 1.7 0.8
Min. 7.3 3.8 0.8 0.2
Max. 452.5 80.8 11.4 7.5

Table 4. Correlation coefficients between levoglucosan & PM2.5, OC, EC

Season Levoglucosan & PM2.5 Levoglucosan & OC Levoglucosan & EC
Winter 0.823" 0.860" 0.653"
Spring 0.327" 0.521" 0.391"
Summer 0.354" 0.658" 0.502"

Fall 0.746 " 0.770" 0.609"

* Correlation is significant at the 0.05 level
** Correlation is significant at the 0.01 level

- 176 -



VAR00001

[
@0@0
2,0 °
[ R
s
[«]
[e]

YARO00001

VARO00002
é [

VAR00002

VARO00003

YAR00003
o E

\VAR00004

=t o]
§ =] Qo
[=} o o
2| g g §:
= o O o© 5 @
VARO00001 VAR00002 VARO00003 VAR00004
Winter

VAR00001

VAR00001

\VAR00002

\VAR00002

YAR00003

%

F

VAR00003

VAR00004

\VAR00004

o
Q 0g
o
VARO00001 VAR00002 VARO00003 VAR00004
Summer

o] [«] [e]
[s] [#] o
@ a0
o
e | e | Mo
VARO0001 VARD0002 VARO00003 VAR00004
Spring

VARO00001 VAR00002 VARO00003

Fall

Fig. 7. Seasonal scatter plot of levoglucosan, PM2.5, OC, EC.

ug/m’ ZHEEA Y dEH7}
ERd

A7 2271 A weE 4s =WseE oY 8, 99 )

17 A5E o] &3t 2HAEXA %94 = 39 ZuAHA ] 7|7t PRFF
PM2.5 AN7Yd HidsZrb Thug/m’ ol 2412 9 ¥ % S By usert AEE A (21
g Ay WAz vE d)o] AY din] 5982 A FrHEY g
0~16A PM2.5 HitsZ7F 50  FErt BAShHE 717H22¢Y ~269) 0= RS
W(50ug/m)S  FFAY] BT 67.4~80.1ng/m’oE PM2.59]
Ack. 20184oll= 349 269% 11 Aol wet 548 F7lehA & vl dAgs)
A2 7F b2 dgE Ak, A fAERE S B 5 Ak A9 S HA
T2 PM2.5¢} HEEFIN T WX wLvt g&H L27] s AEE g

VAR00004




< o "R
SPERR & i
g W ol
g :umle;ewiﬁeﬁ_
3 )]
' SRg=lE =0
4 WP e R
s S M Yo o 1H
ik — = Yo TH ™ Yo ol
i = HoH o A
w = x Ejgpgga
[m?) g g L “ Ho o - B o o W
_uzm.m:é = | E | )
n_mmw_n. N orZﬂ‘DlH._ﬂJ.ox
oo_o_mmsz__ - %m %o_eimaﬂn
mmmwm_ : »osb o o Mwm_wlmoo#ﬂnoﬂ
=1 } - N...e mVan \.\/,%\ \Iﬂ_l ,W_Iy J‘WI.._ ﬂ \_ﬂo J_.m_l nN/A
BN 5 @ o ol s g 7
% . 2, xﬂMETﬂ%Eﬂil
.%Q, @0»» ,m = o \Ul ‘_ﬂOI Mﬁ:
& %. @, x_u o M B
,.99 \.mv . ﬂ © — L_\_ _o HT Of w
%, % I £ mO i z Z
n?.wm ,w_,»\,, m o _Wapmﬁzné
<. . @ows £ GQMn»ﬂz,gn_Alool,
n.,m.eﬁ, .@,»\,. = W o E a4 ﬁo i -~
bAv.no G 5 @Q»v ﬂ N ‘UI Cno ‘ul
H @Vorvon, . »\,mv z -
5 u h Q n ; 1_
_— @,@a o 2 @, < i - B L . .
& = < ' g g _ ll . 2 :F:
@«v n+r > &@@m S Il @LWﬂLqﬂLHE
& % Y- E o 2yt
/l/ x@«vow B m % &,Qm .—e & .Wo_m ,M| ‘Uﬂw = | I ,W.E LMV
& » V dvl 3
. a < 2, ) E..M N |
/ll \V.mvon.m, m ».@,om — wkﬂrioa%udvlwﬁﬂ
@y, : = &»@ k= < M M H o A g}
@,,o, % 2 o % < 2R og T
o d =~ 91
& > 2 . j ol : Z_O
3 : %o IS A R B Yo B9
%@,mvonu ..m ‘m».e», m m o o = 0 i > M.LH
%9@ < .@am — _6_- H o MO = nuwb
BN ) @.@, © 4 o i T2 :
N IS %, = :aﬂ&omﬂnﬂuu}
&.,@ow m U .m ~ Xy N =~ . _._J
vaa o uvem = Y By 9 ) g
@, % S 2 ) Ho — ® = = -
9 9, B = o
llll-lll-lllllul-ll-ll nw»,m..Q, < m h..V.Q % nw wm _m‘.* Ov ,UI o l E..m ,HA_.W._
@01 < I »,n@ g d_ﬂ = io
[ = 9..,9 m | ' 5 S =N idﬂﬂulmﬂw&i%
mV.an % = o . E_l oW g o
@.ﬂq = o =] 2 < :E .
D@Qﬁ % o o g m F
| «9&, . m : mc..-_cmmouz_mo>w._
! i o @01 % 2 »
: : o £b
o 9 g :
7 4
m : (sw/Bujuesoon|boaaT
£

- 178 -



th aEE AREAClE 119e] 39Hh A 2.6
WA =& Ao veht 1140 3¢l njs) 4
Axe] ¥l W ALR ddHn,

3]
£ A, AR Q8 484 Ak
A

2L

2. 20189  #URIFFIAE  FEWAE FE
18.6~211.5ng/m’, A 17.7~216.4 ng/m’,
Mannosan< & 1.4~26.6ng/m’, 33
1.4~31.2ng/m’, Galactosane = 0.7~
26.8nng/m’, FX 0.6~26.8 ng/m’ 2= %<
A= 27 e 5 AR davt B2 AE
o] FE7} ¥, oF9] FL7l v APHA
WES HolFAn

3. YEFFA e et Ad &

e Ao Yehg, ALHY] zvAd
sERstd mAe= AeAd die G

2 Aoz st AMEZ PM2.590 v
T AEA A9 7|dEE AolE YEe
W, 53] ALH zuAdAe #AHE Sl&iA
= AEY A Aot 2r A FEAT

S AoR AEQI
4, 2V AHA] % AREA dREFIAY F

1. AE5HEA ¢ Z2rAdA(PM-2.5) =4 <l
HE 75 3 AAEYHE A4, 2016.

2. Simoneit, BRT, Schauer, JJ, Nolte, CG,
Oros, DR, Elias, VO, Fraser, MP, Rogge,
WF and Cass, GR
tracer for cellulose in biomass burning

Levoglucosan, a

and atmospheric particles. Atmospheric
Environment, 33:173~182, 1999.

3. Jung JS, Lyu, YS, Lee, MH, Hwang,
TK, Lee, SI and Oh SH :
Siberian forest fires on the atmosphere

Impact of

over the Korean Peninsula during
summer 2014. Atmos. Chem. Phys., 16:
6757~6770, 2016.

4. Jung, JS, Lee, DH, Jeong, HJ, Lee, SI
and Oh SH : Chemical characterization
of the long-range transport of firework/
firecracker emissions over the Korean
Peninsula: A novel indicator of Asian
continental outflows. Atmospheric Envi-
ronment, 178:223~230, 2018.

5. A3t

dilution mass spectrometry 4] o]

Deuterated isotope standard



913} Levoglucosan® A% A, 74z st
817, 105~113, 2012.

. Jung, JS, Lee, SI, Kim, HS, Kim, DY,
Lee, HE and Oh, SH Quantitative
determination of the biomass-burning
contribution to atmospheric carbonaceous
aerosols in Daejeon, Korea, during the
rice-harvest period. Atmospheric Environ-
ment, 89: 642~650, 2014.

- A9dst, A A EE PM10% PM2.5
WA levoglucosante] Al
2383 19(1):1~10, 2013.

- 180 -

8. Zhang, T, Cao, JJ, Chow, JC, Shen, ZX,

Ho, KF, Steven, S, Ho, H, Liu, SX,
Han, YM, Watson, JG, Wang, GH and
Huang, RJ : Characterization and seasonal
variations of levoglucosan in fine
particulate matter in Xi'an, China. J. of
the Air & Waste Manage. Assoc, 64(11):
1317~13217, 2014.

CAHEA, AR, olRE, ol ¢ diFA

ol
o= =
7] & PM2.59] fr7lgtast dadae] A
Al 54 A dediz|ed e A, 31(D):
28~40, 2015.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


