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Abstract: Due to climate change, the frequency and intensity of wildfires are increasing worldwide, drawing
substantial attention to wildfire-induced carbon emissions. Pyrogenic carbon (PyC) generated during wildfires is highly
resistant to decomposition, enabling it to act as a temporary carbon sink within burned areas. However, it is also
susceptible to erosion and can be transported from waterbodies by wind and rainfall shortly after a fire. In this study,
we examined total organic carbon (TOC) and PyC contents in combustion residues and soils from fire-affected Pinus
densiflora forests in Korea using the benzene polycarboxylic acid (BPCA) method. The results showed that the
accumulation of OC (1.1-2.1 Mg C ha™) and PyC (18.3-443.0 kg C ha) in combustion residues increased with burn
severity. However, surface-accumulated PyC declined by 87.8% within 30 days as combustion residues diminished.
In burned sites that received rainfall before the first sampling, PyC was identified in upper soil layers, where it
persisted for at least 2 years and up to 19 years. This study highlights the utility of the BPCA method for quantifying
PyC in wildfire-affected soils in Korea and indicates that post-fire erosion control measures and emergency
reforestation could reduce PyC loss, thereby helping offset wildfire-induced CO, emissions and strengthening the
long-term carbon storage capacity of forest ecosystems.

Key words: pyrogenic carbon, organic carbon, BPCA analysis
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AT} A

AAAA o2 F3F AR0] RIS}t 737t Zhsilol whek 4t
=0l o3t g wiERE S Ae® o SETUNEP,
2022).

AHER Qe AT f7ES oklelEa FEH=
7] R WUEEY, ERAALE U2 Aaxt
(Pyrogenic Organic Matter, PyOM)2] He|&2 x| 70| A F3t
thBird et al., 2015; Santin et al., 2015; Coppola et al.,
2022). AaztolEmS 54 f718Re AA sk Zlo] okd
terst =7]9] H<EA|ZA Char, Charcoal, Soot, Ash,
Micrographite 52 E33I K Preston and Schmidt, 2006;
Bird et al., 2015). A4ZojEo)| EA5H= §7]€k4(Organic
Carbon, OC)9] YH= At Ago= W =G
(Aromatic condensation)©] ZIs§sof wie} T}t Wk €3
Z=4~(Polycyclic Aromatic Hydrocarbons, PAHs)7} 23]
A}k (Pyrogenic Carbon, PyC) &A1) FE|E 7171}
(Schmidt and Noack, 2000; Bird et al., 2015; Coppola et
al,, 2022). Fsfetae f7|ea B3A7F Aol wet &)
|717F 2t dagka FHO AR, dukAd A7
anct 22 - sjspRel Bajol AjaHgo] ol A7l R
A5 AASH= 837} Q)tKPreston and Schmidt, 2006; Bird
et al., 2015; Figure 1).

oA o] Pl 25, Aas AKARE 4k 7Md 5
o] ke AW, =7} oS PAHs ++42] =717}
AR AL mgEe] ofFt el AgHdo] F7IRIT(Bird et al.,
2015; Santin et al., 2015; Abney and Berhe, 2018). tu]X=
F310) B4, Tike] B, 9 2ol wet ol7} 914
T Qopekao] ZhRAITHResidence time)S: = A|7]5E 4
HA7MA] A<=t Lehmann et al.,, 2006; Preston and
Schmidt, 2006; Bird et al., 2015; Santin et al., 2015; Abney
and Berhe, 2018; Coppola et al., 2022). o]0 w2} Gsheta
£ ehanple] Zuoly Ak sk Ba 5 7K 2154
Zro] A1 ¢kRo=m wro HBO Zx|StHReisser et al.,

2016; Coppola et al., 2022).
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olAkslEA HiE avE ARE 4= ¢JcK(Santin et al., 2015;
Coppola et al., 2022). o]2]gt AFHE9] B4 &% (Carbon
storage) 7|5l g A= oF] 72 TAlo] HEY 9o
o, H3heha0] gt} FAIRE 5= Bk R &
A S es] AHEA] QtiHammes et al., 2007;
Zimmerman and Mitra, 2017; Bostick et al., 2018).
EFE e =] £ A 22w (geopolymer)
FEHE 71171 wizell, Bapekaxo] X7} 7|9} Fofl H]sf
o]t Zimmerman and Mitra, 2017). o] w2} 375°C2] &
o}5HA Alekm waflofl 7Rt daletaE EAsto] sl
LHCTO-375), 13C A7 |38 G 45 Sl k<ol o
S ol FAR] BEEA R dolRhao) tehieks A
ZE BAsM= o] 22 2oj@itH(Zimmerman and Mitra,
2017; Bucheli et al., 2004; Simpson and Hatcher, 2004).
Tejut 2ol B4 i EAS Al dA 508 Eofist
11 BPCA(Benzene polycarboxylic acids) ¥5E210] A2}
E1eie} vlmelo] Wsfekao] FRol HES HAel
BPCA EAalAHo] AREE)ar It Brodowski et al., 2005;
Wiedemeier et al., 2015; Zimmerman and Mitra, 2017).
BPCAR]-> PAHs®} 22 1158210] Gojeta ALAE Aik
SH(Nitration)}o] ZkS. Bz} thele m70 &, 7} BPCA 22}
Sle AR Ask= ®hHolti(Brodowski et al., 2005,
Ziolkowski 2011; 2015;
Zimmerman and Mitra, 2017). BPCAR 9] B4 A} BExl=
WA 1o 3-6719] 7}=2EAXK Carboxylic acid)o] &0}
£ g, o)5 B 7} gl weh waks &5 AAe
= A 49 5 dsEie) B4 BAR 4 olrke 4%
o] QJti(Schneider et al., 2011. Ziolkowski et al., 2011;
Wiedemeier et al., 2015; Vaezzadeh et al., 2023a,b).
233} U] SO AR7IES AR ST
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Figure 1. PyC and soot molecular structures(Bird et al., 2015; Preston and Schmidt, 2006).
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7Fsl7] wiiZoll anEAke] BPCA(BSCA, B6CA) 2ol 57}
K Schneider et al., 2010; 2011; Ziolkowski et al., 2011;
Bird et al., 2015; Wiedemeier et al., 2015; Abney et al.,
2019a). 18]t} BPCA £4} == B3CAL} B4CA= AHEs) 1}
A F doll ofel] HF =] o2 f7eas &A= E Eaf
Elo] U 4= Q7] wiZell dagtolEe] dfetieys ol
ZA43 7RsAJo] A3t Kappenberg et al., 2016; Bostick
et al., 2018; Goranov et al., 2024). o|of wz} BPCA A7}
oAl HEE= ALEAHBSCALE B6CAYE Foll olsf =
% wrek= BhAv(Condensed aromatic carbon, ConAC)Z2 %
oJste] dalEtaE #AS7|%= thti(Kappenberg et al,
2016; Bostick et al., 2018; Goranov et al., 2024).

U ARET]sfX] o] Fofetaro] Rt AYAFol A= PAH
ErlnlAHE 2 Z-8519=|(Kim et al., 2011; Choi,
2014), A= ol EA5k= PAH= 2 3HAA=9 dAaet
5 AEE5E 7IRIsk] wiZel Ahgel o3t F3Fa He
1A 228l ¥ 4= Itk Choi, 2014; Yim et al., 2014). =)
o] dsfeta BA] Hgidte] w=w mjujsiz]o)x= PAH
7t A=) wfiZel, 4ol ofjt daletao] AT A
2A517] oY

Kim et al.(2011)2 20004 Y3t F8jot AL u|s|2] &
] PAH e A4 W A Z45e

q At 5 4
22 :

o

vlal] i 83.1%°] % PAHs7} 7HAsklc
Choi(2014)= 20040 WA ARSI 7] ARe] S=m]9f
%, ¥ PAH T5E A0 e 24 e &
PAHs= 4He & AlRtol| whet 745191 om, S=jof| - PAHs
7b 7P wsth

Nguyen et al.(2009)-2 Xt 1004 #HE] SA712] 2=
I FUAE dor ek ZRARES BAsilom,
Hsletao] Holiheet EQfo o] g Ul 4] o]F-2 a2}
o] dshehi= oF 834 F9F RS 4= Qlrkal sioickh

o] A9 =e|ofAl= thekeh Hto] o]Fox|aL glont, -

SJufet abrgol s WAshs AbRTsx|o] dlsteine) 4
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Figure 2. Locations of forest fire-affected areas in the study
(OK: Okgye, YY: Yangyang, UJ: Uljin, YD: Yeongdeok,
DJ: Daejeon, HC: Hapcheon).

Table 1. Vegetation bum severity classification used in the study (NIFoS, 2013; Li et al., 2021).

Definition

Wildfire type Class
Crown-fuel Consumption (CC) Severe
Foliage Necrosis (FN) Mild
Surface-fuel Consumption (SC) Light
Unburned (UB) Control

Areas where the canopy has been completely burnt out and charred
organic matter and ash have covered the soil surface.

Areas where the canopy is partially burned and more than 60% of
canopy is degraded by thermal radiation.

Areas where more than 60% of the canopy survived, surface fuel
and lower vegetation were all burned.

Areas unaffected by wildfire




AT} A Ak

AT ATl ATelE AEoR
BRG ARRTSIAEE A gsle] Aguls) AE Tl
CH(Table 1).

TS, AP A whet A $ AattolEme] AR
B} R71Ea0] ofFo] DeEfA7] whizell, AR =
4 B el Bt WHE Y] “F - AMrE A9AE A 9
&8l it AFHIAE FBAN25°), S
(15-25°), &AHAK<159)= zFzF LESHITh

2022 9g AMEH]3X](2022-YD)= & 405 ha HZE o] Ak
= JoiE dslen, 8 % 3499 AUF-d(Pinus
densiflora)o] 1 th(Figure 3). 2022 &7 - A& AME5|3)X]
(2022-UJ)= & 16,301 hao] Aol Aha= ¢lsf vjslE o
O H(KFS, 2022), 4-5F+ avbret 47 durRrt &
ZalAct 2023 g AHEF]E)%](2023-HC)= 2F 179 hall
Ahgo] AaEflom, 4-5¢52] Tt 2 FESHAL
2023 ZAF - A AREE]E)2](2023-DI)s % 889 had] AHE
o] GaEglon, R0 £FE 349FY Arprolgith &
OF9] 47 AFET|SR|oA HEF InceptisolZ EHFE|UTE

2. GATIOIE U EUAZ X U
ArgalsiolAe] dsteke B4 gfa) AatiolET =
PN RE 7t AN A Al AHE Sle
20 em*20 cm =17]9] *}7’5* HAEel S4E-e % 5 Aol
A datolzZel FAE ST § datodwm S AR AR
off AFHsFRAF. HF Tt iﬁoﬂ%—% AFAAA 105°CoflA
244000 8 42 F, PR A2 3L SR
2874 (Total Organic Carbon, TOC)+= A2t 54
Eﬂ).]—ﬂ—l—iﬂ 71¥d(National
Environment Management, NICEM)of| &J2|5}o] E443}%]
on], EURH ARE olgslo] Asjeke Pk BAsIAh

Instrumentation Center for

Figure 3. (a) Crown-fuel Consumption forest, (b) Surface-fuel
Consumption forest. Both photos were taken immediate after
the 2022-YD fire.

Fofeka Aol viRlE g 24 573

e ffal datoias ARt A1-e) 05 E=
AABIAL = 2lo] 5 eme} 15 em 2ol ETH(100 ml)
I AE71E ARl njast ARE fFsiton, defe
2 B e wE AlRE S7kE @4 AF skt

3. BPCAHZ &%t 5

Golets 248 Wiedemeier(2014)7} A|oFst T1A1S-o0A| =
ZulE 12|7)(High Performance Liquid Chromatography,
HPLC) 4] ®ile 2831901, BPCAYS E-8sto] &
54 ] 21 BRCARAS] W83 o5 347511, BICA
Ao vlgel] upe dzzlolEe] YA ew st
olu) Qlaoigat Zo| f7Irkno] Glefo] e BAE o
Ao KR 1 B3CASH BACA7E #4E 4= Q| wj

of, TEAo] Hake Beslel Aslekag ARHon B
A3t BE AxE] IAo] TUIR|E= kAul o] =
AEdo] Yo7 whizoll 7 2ol AJAIE Bostick et
al.(2018)0] AlRKet 2GAGE o850 BPCA £A}of| 223}
H g3lerA o] SRS AAFITHA] 1)(Kappenberg et al.,
2016; Bostick et al., 2018; Goranov et al., 2024). 3HH o]
AtollM= & Tae A ot TR IEA S o
Boto] daeta: S ALK

HSIELA =X 2 EAHpH

=
=

pyC = 7.04 < [B6CA,.(mg) +B5CA_ (mg)] . .
Y= Sample weight (mg) < OC (%) X100 (1)

A1 B3CA, B4CATF 25}
= 4H0)=, BPCAZ} A HEHA] ¢
© ND(No Data)& Ha&atgict. dTtchalA|e] Ak
S, AFHAL A 5 Aakalglo] tietel zkzk @ 43
3 67e] Aziolme] s Askeras BAslgon, B
OFL 0-10 em (5 cm #|Z]) 371 AlRol| o] dsperas 1
51t

BPCAHof| w2 d3leta £4] Aak= =7 A4k &4,
ol AA, HIFA IRHE AlA, A=ntET Y] 2A0R
ek A WA, G4 BlE 9I5) R4S slaztelEi &
RS WE 2 mm B A Eslo] TPl Bt B,
1000 mgo] EJARE JEEaA](Ecopre, OdLlabiit) ]
5 §710] ok 65% T4 81 2 ml £ 9 170°CoRY
A7l Zot &8 e ZaYslgth o] HallEl oS 045
um®] syringe filter2 o1} 3 32} SFLE 25 mI7HA] &Y
3 3 WaRBslc ol ol AAS 9o el
(7 15 mm, 0] 400 mm)o]] ol 2|2k #|Zl(Dowex
Mac-3 (H+) Cation Exchange Resion, Aldrichiit)& 11 g
=0l3loit). £9] 3, 37} 2B 23], 2M-NaOH &9 13],

H

E

0o,
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Table 2. BPCA standards list and molecular formula.

Isomer BPCA Standards  Molecular formula
B6CA - Mellitic Coff; Oy
B5CA - Pentacarboxylic G ;0
B4CA 1,245 Pyromellitic Cott; O
12,3 Hemimellitic GH,(CO,H),
B3CA
1,2,4 Trimellitic

Table 3. Chromatography Settings for BPCA analysis(Wiedemeier
et al., 2016).

Column C18 reversed phase
Column 15°C
temperature
Flow rate 0.4 ml/min

Identification Retention time, UV absorption at 216 nm
External stnadards of BPCAs
120 bar

Quantification

Pressure

Mixing Gradient of Mobile Phases

Time Mobile phase B
[min] [vol%]
0 0.5
5 0.5
25.9 30
26 95
28 95
28.1 0.5
30 0.5

(sample Preparation r:{>

(" #n0; Digestion )

A1147 A43 (2025)

33} 224 23], 2M-HCL 13), npxjalo & 33} =82 232
FIAIA AIF ek AlH 3, 33 SReE SIAIA A7)
Z%E=7](Thermo scientificAhE- o]-83}0] golo] 7| A==
7} 2 pS/em n9kCe 2 7HASE wj7lA] 32} 48 AAEk
o} A7dEE 2ol &, FH|E ARE ool A8 gjxlo]
G2 el Eel AR &, Bk 8ol 33 SRS
50 mI7HA] F=fste] F4 AxE st o] 2ol A
FHIE Ame oF YUEet W Hato] 7kssith Al WA
2, US4 2Rk AIAE 918l 2.5 ml W& 5 ml S5
S L1z &gsto, C18 F’Jﬂ“ = 7F=2]X|(Empore
CI8-SD, Merckit) S A& = ﬂlﬂ—%-ﬁ‘%—’r— AN ol §
sto] 54 AxH ARE SAR F 7HELR]of] £

o} o] &, Havkh F57|2 45°Cof|4] S0mbar®] o=
5 T S 1 mE Fisto] WA Bt sheick mhx]9f
oz AznE I BA4S 95l 85% 2lAF 20 mle} 33}
S 980 ml & S Alxet &, AFEE el
T SHAA 8l AS FHISIAL, e oMEUR|ES
|4 8l B2 E8|sklth(Figure 4). & w5k Alke
9J3l] ZF BPCA ZZE2|(Table 2)& 5, 10, 20, 50, 100, 200
pg/ml 84S A3 5 Table 33} o] A=ufE T3] &
A& At vl=4 ks AlAY} A=ntE T &

& SIS TE]7| U] RS Stof Ashck

[N

o ¥ o

S

MA

1, HAZIZ S| HEleth 2N

Table 49} Figure 5+= Aaztol &0 AMEajsl= AYATF
I} Bl BPCA 4} S U Bk} daxktod]
=9 f7Ieael 54 54, BPCA 4o tisto] K-W
A2 skt dattolEws FA= AasiAzt 19.3

$ ( Removal of Cation |

Chromatography

Figure 4. Preprocessing procedure for PyC analysis using BPCA method.
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Table 4. Physical properties and Organic carbon of PyOM and PyC contents with BPCA analysis results based on severity. The

superscript shows statistical groups by significance level(=0.05).

3 5
Bum — PyOM gy, me: PYOMT g0 TOC PYC pyomroc BsCcA  Beca
Severity thickness ( g/cmg) %) load %) load load (%) (%) %)
(n) (mm) ° (Mg/ha) ° (MgC/ha)  (kgC/ha) ° ° °
CC (19) 8.4+4.9® 027+0.21° 23+1.8" 21.9423.6 13.4+9.7a 2.1+1.9 443.0£766.8 16.5£22.7 14.6+13.4 152+12.7
FN (9) 6.6+4.7° 0.40£027° 3.4+5.1° 26.5£184 54+74b  14+1.0 429.7+677.7 21.8+32.6 22.2+12.7 24.5+31.0
SC (5) 19.3+8.3" 0.04+0.02° 7.5+1.4% 6.6+2.9 16.1+1.6a 1.141.2  18.3+144 24436 62462  2.0+2.0

Notes: Meants.d.; BD': Bulk Density; MC>: Moisture Content; PyOM?®: Pyrogenic Organic Matter; TOC*: Total Organic Carbon;

PyC®: Pyrogenic Carbon.

EB3CA mB4CA mB5CA  B6CA e PyC/TOC

250.0

200.0

DA

150.0 Q

/:

100.0°%

(34/3) DOL

Foliage Necrosis Surface-fuel consumption
245 26
222 6.0
11.5 34

88.1

235

B6CA

BSCA
uB4CA
®B3CA
«PyC/TOC

41.8
218.3

Figure 5. Relative contribution of BPCA molecules and PYC

content based on bum severity.

mm= F93}4] 6.6 mm, Au]3)A] 8.4 mmof B 7 F
At GHAY AaztolEaZo] AR 5, A, AaeiA]
TO® WAL 2AF A #HAF A Yt FA1A S
2 Fougt A7k Atk (p>0.05). T Aattolm
Soll EAdlk= e A, 5, AueliAl 247} 2.1£1.9.
1.4£1.0, 1.1£1.2 MgC/haZ AT X7} 71 WkR|4L, A
Hog fougt ztol= GIATHp>0.05).

Haleka: S A, 55 mHleiA] o= Aglom, TelAe
Haxtiolzo] dofek ot 4, B nlujsiAl o= AARA
T AR Aoli= VREREA] §Skei(p>0.05). SRRk 5
Hspetart AR[eH= vE2] Bak ATfaiA] 16.5%, Sa]aiA]
21.8%, wT]aljx] 24%=, SUSA7F 71 Eal ulsiA|olA
7V Wkt Table 4). BPCAEA = gsletio| ddsl=
BSCA+B6CA= AlT|a| A= 26.7424.4%, Z5|S|A] 41.7£32.6%,
Zufel] 8.3£6.9%= Aulaix|et SufsRlollA A ViekdAE
AR Fomgt Aoz gt (p>0.05).

A= the Ao Hlsl dAatolEZe] 7P T
FAARA, Gkt Fheko] AL {7120 o] W
of 4HE0] =Tt 7MY RS & 4 Utk ARt 5
32| ¢] ALJAEZTE FAF ekl dahead] ek
BSCA+B6CA] H:&o] o} AujsjA| et 73t gjsls ¢
We FAT 5 ek ALPAEZTO FAE A7t
SR T T, FR7IE20] ko] Wil PyC/TOC

Z

© o oF

7h FujsA|Eot W) wiel] FujsiA|of vls) A4 A=t
oFstchil FERE 4 AT, AsjEkae] ke FulsiA|n
t} wWoltKSchneider et al, 2010; Bird et al, 2015;
Wiedemeier et al., 2015; Abney et al., 2019a). 184} 5
B ARIE Axjeh AR} A4A17, AREE W
ol Amwrat 2|3, AAL e Fol whh daztoEat o
et o] EAJo] dekx| A EthBird et al., 2015; Santin et
al., 2015, 2016; Abney and Berhe, 2018; Miesel et al.,
2018; DeLuca et al., 2020).

B3E AbEo] XISk F AAgtolES ZHE= g 7o
o3| o3| wiEoll, ARE st & AR Y] Azt ukE
FE Ao o7/} wA¥st 4= Qi Pereira et al., 2012;
2013; 2015; 2019; Miesel et al., 2018; DeLuca et al., 2020).
So] QlatlolEe AR A% uEhAl] 71 Ferslue,
o] ATz AHE A5} T Zoie W Aol SatiolEE
ZAE FEslSIT) A AbEusiAl= xig) 2 & A 9ot
W3R, FY2 %13} 4 3 A AR 7397 el
otk ojuff AkE XIS} SR AL 7R Fx o) ARPE
F20 W 1.1£1.1 m/s, H] 4.6 m/sS 7|20, oY
B+ 4.242.4 m/s, H] 9.6 m/sS 7| =3k oo whet
Pat Y AREsix]= 23t & 28k vige] s of

o eJig daiteiEZo] RS 7Hs/do] EARI:
SHH, X1t ol AREseiR]= XIske} FAle] BI7F W
H, &3 AHEeiAE 3t & 27095 30.8, 22.9 mm

7397 WL, i AR siRle 279 30.6, 13.2
39| ZFeAPel =E= Ik ARETsA|of 75

Hligo] dAaztolEs-S Ay etAstel| wet
= TSk, 7Rt AolA] P dattolEme
UA7E A7) whizo] B W= 3T 9 RS S0 o8 82
Eti(Onda et al., 2008; Woods and Balfour, 2010; Stoof
et al,, 2015). webA ARE 213} § AP} dAaztolEe
o] AR AL S]] wiol] Aagtel=e] vhay
BPCAS| ZAH|E 55 &850 dattolEo] Ad2:=9}
AREO] TS E ok Aol A7 Sick

i rlo
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Table 5. PyOM, TOC, and PyC load by elapsed day after forest
fire extinction.

The days after forest fire extinction

17 25 32 39 46

PyOM load (Mg/ha) 12.6 11.1 39 26 1.9
TOC load (MgC/ha) 349 313 1.07 0.82 041
PyC load (MgC/ha) 0.82 0.73 024 0.19 0.10

Note: Meants.d

A114Y A4% (2025)

o

Table 5= AaitolEs 77 ZARIARE Aaitolze] &
ARt 71 9 o] SRS VERd: Azt
olg9 7Rkt 224 542 3 AR ORE 2AE 5
Fstion, T ke aeste] glagtelEd) S
&, Fepehao] SARRE SO A AR A dattels
O FAFL 12.6 Mghaz, Aadoim3ol 74 2327}
AFet Gorforth et al.,(2005)2 A|&Jslal the Aggolto] H]

A A UERGTtHCerda and Doerr, 2008; Woods and
Balfour, 2010; Santin et al., 2012). X3} 17Y SHE A7)

Table 6. PyC analysis of soil samples with antecedent rainfall event occurrence.

Site Rainfall Burn severity Slope Year TOC (%)  B6+B5 (%) PyC/Soil (gC/kg) PyC/TOC (gC/gC)
2022-YD X SC M 0 2.03 0.0
1.87 0.0
1.94 ND
L 0 1.57 0.0
1.66 0.0
1.39 ND
UB L 0 3.25+0.93 ND
2022-UJ (¢} CcC H 0 2.07 0.0
2.82 25.1 5.1 0.18
2.36 63.9 3.7 0.16
M 0 1.74 0.0
1.67 0.0
1.61 0.0
L 0 1.70 0.0
1.52 0.0
1.93 0.0
UB L 0 4.5240.11 ND
2023-HC (6} CcC H 0 2.85 0.0
3.24 0.0
4.19 66.3 26.0 0.62
L 0 3.62 0.0
1.97 0.0
1.5 0.0
FN H 0 3.43 61.2 14.3 0.42
1.34 0.0
1.71 ND
M 0 2.01 0.0
1.93 0.0
2.39 0.0
UB L 0 2.15+1.24 ND
2023-DJ (6} CcC M 0 0.86 60.2 1.17 0.14
1.39 61.2 8.47 0.61
0.97 62.1 1.96 0.20
UB M 0 1.46+0.11 ND
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Zjago] ghassgich. 24 A4 309
Z 718 A S22 3.49 MgC/haoll4] 0.41 MgC/ha= °F
3.08 MgC/ha7} S-A1=lo] wla} 88.2% 7rAstgoen, g3let
2= 0.82 MgC/haof|4] 0.10 MgC/haZ 0.62 MgC/ha7} -84
Holl w2} 87.8% aehe eRlskGit

nl-o=

Hy

2. EY L E3iEta EA

Table 6-2 AHZ & 3 ALA] AFJEE 0-10 cm EQFC]
Fr7Ietasel Aolekao] Slks UEhdith B A9 v
sfx]of A= BPCAZ} HEEA] ghgtom, A=wjsf=]of A
= ggo] Ausixel #d FWeKe] AR ARoA
BPCA7} A% 9lt). 231 AlmlaiAle] 34X} T
A Aujsixiet ZalsiAe] FAAR, o Afsi|e] $7
AR S A Jslars ARET|3)A] EFolA= BPCA7} H&E]
AAHF B6CALF BSCA+= HAEEA] Uttt

ahEl, AR A 3 Aol Qe Alofat
A sfeidr) HEEEETable 7), Gehe ALSIE Ak
TSR] ZAF Ao 71-_?_/\]./k]—o] uhlisle] Aslelar) ok 4
o7 £Z olEst Aog A= rHRumpel et al., 2015;
Santin et al., 2016; Abney et al., 2017; Abney et al.,
2019b). Aattofmd w2 =04 dadars Ao =2
717} 2ol al FH O] FAJo] ARFRItH Zimmerman, 2010;
Wang et al., 2023; Brewer et al., 2014; Rumpel et al., 2015;
Abney and Berhe, 2018). o]uf] 3=ro] Wl EoFS Aeim
(Preferential flow)7} Hds}7] wjEo] 2R ko] Aazto]
o] TS} 7FsAdo| Z73tHRumpel et al., 2015; Abney
et al., 2019b). EslEtAr} AESE AusiA= 25 ARRIFE
2 Bision], 3 2Ah ool 2ol HhAlslct. ol
wfe} 0] J3) Aalekavt Eof 402 YE51] 010 om
zlolo] EofollA HEE Aow wetEch
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ke 3 1271l ] A SBARIE AlQlstal &

Aol A dafetart HEH el AEH BY
o dpfo R Asulse] te dsteiao] R BA
A7}, 4787 2] B6CA+BSCAS] HL-L B3t 73.4+28.2%

o, ZuF|R|= 60.8+13.3%, AR = 72.5+£30.3%2
UFERde), PyC/Soil: Alm3l 21 6.70+6.63 gClke, 23]
2= 18.56+9.98 ¢C/kg, AT FIA|= 2.8442.64 oClkg O &
ZARILE PyC/TOCE= ATsfA] 0.37+0.32, =33[X]=
0.48+0.12, A3 A]= 0.21+£0.292 etk

FYT 27 AR 9] 2471 $- chEueo] wE d
sletao] BA Axl, B6CA+B5SCAL] v]E-L Aujsfr|=
67.3+46.2%, 733X = 100.0+£0.0%= YERGTE PyC/Soil
2 Au]ef|R]= 3.6+1.5 mgClg, Z4T|8)A|+= 3.3£0.7 mgClg 2]
= vERleH, PyC/TOCE] vl AusiA)= 0.15+0.07,
ZdH8liAl= 0.23+0.062] gk YRk

EQF ARSI SR EOF & Fslbeao] A7IF AlFARE
=ReIst7] 18l 2005 e A=uslx]9f 2019 75 - F3l AF
ETsx] 2] HHYAE s daletaE SUT HRe

B S} A% Ay}, geletart BeF Sofl EARkE 2els)

o, thE w9} H|wslS wf Fsheao] o=
Z}o]7} AT Table 9).

Major et al.(2010)0] w2 I3leti=
B Hom RSk, B nEe] S5l ofsl F1akE e
AlEFAt). Abney et al.(2019b)= AAZES] AL}
B nPEe 35l vAle gkl tiste] 418K,
200°CHT} 500°Co|4] FdE Aaztoigo] EAftks B2
%Oﬂ Ot Z5=Fo] Al 0|5 F9 o 1 Wk
o] s datolEa I ok sk Felehao)
AEs7E SAlES gklsigion, daxloiEo] Bkl Z:!-‘?—?l
% XA BPCA % B3CA, B4CA= =] ofsf &ali=] o]
BSCA, B6CA9] H|Eo] F7lel5S 4T 4= qltk

2 Aol AR AR 1 Sof] B2 AlRollA d3}

=

o 1]

l

g2 7ol 3]

F

p

ol b =

A7} 7jo]] w2 S7)ERs Seko} odselio] SRS Table 87} ERAVL AZE|9lon, BSCA+B6CAS] H&T} PyC/TOCS)]
V) AR TR g oM USEAL EEon,  ulgo] 271Kt o] o Ao os) BT Askebat
Table 7. Summary of the detected PyC by burn severity.
. . Cumulative Burn B6+B5 PyC/Soil PyC/TOC Soil
Site Rainfal(n) rainfall severity =~ Y& (%) (2C/kg) (eC/eC) texture
2022-YD X 0 e 0 0 0 0 Loam
445 44 0.17 Sandy
2022-UJ 0@2) 53.7 cC 0 +19.4 +0.7 +0.01 loam
2023-HC o) 3.4 cc 0 663 26.0 0.62 Sandy
FN 0 612 143 0.42
20D O 469 cc 0 2% 250 G360 o
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Table 8. PyC analysis of soil samples based on burn severity, slope, and elapsed month.

. + i
S ey S e o000 P00 Qe ecso)
2022-YD cC M 12 1.90 0.0
1.57 56.6 6.0 038
2.14 0.0
24 1.810.95 0.0
Ne M 12 1.99 100.0 12 0.06
3.04 76.5 0.7 0.02
2.93 0.0
24 1.94 0.0
225 ND
141 ND
L 12 2.82 64.1 6.5 023
2.86 25.2 1.0 0.04
0.69 96.7 48 0.70
24 1.89 100.0 32 0.17
1.67 100.0 4.1 0.24
0.98 100.0 2.7 0.28
2022-UJ cC H 12 2.12 0.0
2.13 0.0
3.14 21.2 34 0.11
24 2.05 0.0
2.86 0.0
2.16 100.0 2.1 0.10
M 12 2.70 0.0
2.79 0.0
3.25 56.8 0.7 0.02
24 7.92 0.0
2.51 0.0
2.13 34.6 42 0.20
L 12 5.79 0.0
7.58 85.0 22 0.29
2.58 0.0
24 1.75+0.73 ND
2023-HC cC H 12 3.42 0.0
2.05 0.0
221 ND
L 12 225 100.0 4.1 0.18
1.48 ND
1.97 ND
FN H 12 228 52.7 14.6 0.64
3.66 66.0 15.5 0.42
3.25 ND
M 12 3.07 47.6 10.9 0.36
3.32 77.0 33.2 0.50
251 ND
2023-DJ cC M 12 0.86 100.0 8.0 0.94
0.76 100.0 5.6 0.74

1.08 67.3 3.5 0.32
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Table 9. PyC analysis of soil samples based on burn severity, slope, and elapsed month(Cont).

Without site & slope

CcC n=8 12 2.56+2.25 73.44+28.2 6.7+6.6 0.37+0.32
24 2.15+0.02 67.3+£46.2 3.2+1.5 0.15+0.07
FN n= 12 3.08+0.59 60.8+13.3 18.6+10.0 0.48+0.12
SC n=5 12 2.28+0.98 72.5+30.3 2.8+1.5 0.21£0.29
24 1.51+0.47 100.0+0.0 3.3+0.7 0.23+0.06
Past forest fire damaged area
2005-YY SC 19 yrs 5.92 100.0 4.1 0.07
4.97 100.0 4.9 0.09
2.68 ND
2019-0OK CC 5 yrs 1.80 100.0 4.6 0.26
1.54 100.0 3.9 0.25
1.71 ND

AItel meh B4F £o7 3JEste] I BlEe] SRS
215} tHRumpel et al., 2015; Santin et al., 2016; Abney
et al,, 2017; Abney et al., 2019b). T3t 20 & SFE XY
o] M3 Aujsfxjol A= Fetetart HEE =T, EA -
29 gollx] BF Astirt Skl uet BoF Lol B3t
gt AP Zl o8 wekEtk(Santin et al., 2016; Rumpel
et al., 2015).

N
rhu

o] At =i AHEER] o F/AdE AaztelEE ARET]
sl ARdslel §718k TS BAISHL BPCA 4
2 9 AR Aol A Y] dskh TS
FBH 2 AelAs AL A5t 19 Fo] B A
oA ot HEESI e, BSCA+B6CAL] Hl&}
PyC/TOCO] H|Zo] F71813t ol & Sl Ak=el ofsl 34
Tl Goptart Akl whet BoF £o= Fsto] 1 vlEo]
7192 ERISFHtHRumpel et al., 2015; Santin et al.,
2016; Abney et al., 2017; Abney et al., 2019b). FE3+ 214
3 ggurado] AaE AnsoE dsfart 45
wotizsl, WA - 29 BN E AT} o] =
oF %ol sfehasl A Ao pehEck(Santin et al,
2016; Rumpel et al., 2015). E3}, AR2js|er} Ad42
BSCA, B6CA2] A} H|go] F7tsto] 4, Fulsix] 2] ?ﬂi
ZroEo] 200-250°Ce] oA FAAEUS ST = 3L
UL, ARE A% FajsfR|et Ha]sfx] o] AR EQellA d3t
vt HEE QAR vlgsiAlois AEEHA| e &4l
ShlEE. 20053t 2019 o] A AR SR 9] EgfollA]
L daleavt HEde gelsiglon, ol i EY &

Holehie 24 24, Fdf 1997 R 4= e gl
SFACY.

FFoli= BPCA £412 215t A=Ay S =l 4kE
Tjal] ol B A ARET]sR] o] dkerao] A4

3} ol5e PAHOR YYBkY 4 e AOE WAL

£ 7 50 2t el Ak e
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ol GBEE A BIES 7|HG 4 9 ACE Wt
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