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MEE HRRSE, WU
M—#, RBEMRKNT
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¥, MBE—ABEHHATERTRE=T—X, XHELL T
—RBVRRR BRI R, BAREORAT, BEiEE L, BIERY
ARBRAZRAAMN=T—RNEBEEEXEXEERT —/)
T, FABNANZRAMEFINEE, BT ZAEMES
U—a)iE, BEHNRAEAKICE, AEEZE: WMEEHN
B, MEM—=F, REMRRNTTEE.

XEARR G =RABFRIALE, ok EBE SImEX FBCERIRRY
AU SERFMILR . IBHIM AN T REIFBHRITHE DTN
FORNBIRA G S TR AKX, FHARXBIEEMATRZE
g, (U "RE"NEME, FIRANRBEFEHERS, BIEETHK
T=REE ——"MNE”, XNE&, RSZRE, (X)

MM, FIREE,
REVR, XMZ2WGRRET,
RBIREAE, OBEFIE,
BUWGER, TAETTHE.
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R BT S RTHE,

E/oH(2Y)2



NiZfh £k (black carbon, BC) @ ERE
Mekm Tl T, ¥ biochar,
charcoal', :microcharcoal .seot;
fusain,EC(elemental carbon), PyC(pyro-
genic carbon), microcrystalline graphite
AB“=k\E", ILHFREENKET
BERZN., TEGEHNMRENHEECH
mafmiF, XiLE—EMNRM(1ESITIEN
eE—MR, EeSEAALE, BEAE
B, ERA—REXE®R, AXIIEHN bio-

char, FEMAREIRR, EM{CZPyC 4
I, BCEIRZMT A2 M a) R 1
RR. BEFTXEENEARST I ZIMFMI-
chael Bird #ZIRHVIRIT, FiXIX— FECF
1AIRRY BC,

BC RIS 4

1978 &£, H. Rosen S AFIFBAISFIEFNE
PR NRIAE S AR A K & MR TR
— I RHE BRI BB S8 E R M,



H"graphitic"carbon REIFERERE ., BEiIHBIEFNAFZZEEE
%, f{1IAAN"graphitic'carbonEEHRREHCEESTF
400°CHIY R BV ENAEMLLRE)BERBTKREBDAFI(Rosen et
al., 1978), 1981 &£, L. Gundel & AE /X Black Carbon a5
SARP AR IERIREAK D (Gundel et al., 1981), RELb
BC—lam& R HEEHNEMRICEREES®IE, 1980 &, Wolf-
gangSeiler 1 PaulJ.Crutzen B/Xigd charcoal BrRIgEEEH
faE 1% CO2 B9HER(Seiler and Crutzen, 1980), 1995 4,

Kuhlbusch, T. A. J.# Crutzen, P. J.5,74% BC X—/N1EH Tk
TBURE, FHi2HBCRIZEL AT UG IR M AE Y B AV S BR B I 55 75
ERENKIBARES, MMEBSEZMH(Kuhlbusch and
Crutzen, 1995), LtES, BC MFIEEEECMERSCHELIER] H/
CLE{E(FaE 14)(Kuhlbusch, 1995; Kuhlbusch and Crutzen,
1995), EE2000%F, BCERATEMBEEL R (continuum,

from slightly charred biomass to char/charcoal/biochar to
soot) B S #IEX IR (B 1) (Masiello, 2004; Schmidt and

BEZE2000F, BCEAN
SEEMRGEERRIRE
ZT#IETViE .

slightly
charred charcoal
biomass
formation T| low > high
i ——— mm and larger —— MM 0 submicron
size rger submicron
plant abundant  sjgnificant few none
structures presence
reactivity high > low
initial . r soils it soils and atmosphere —
reservoir
paleotracer | short short short long (up to
range (meters) (mtokm) (mtokm) 1000s of km)

1. Bk MRIEGE SR (Masiello, 2004),



Noack, 2000), ZEitt, AMIEIREIBCEr AR, HEBRERSHEHNEA/N, t24E
B AR R < (Bird et al., 1999; Schmidt and Noack, 2000), 2004 &, Sunghwan Kim
#0 Antonio Mannino 2 3IE R E M H/C LHE)FIEZ(FRAE 75)DOM(dissolved organic mat-
tenHHIBC, ENERFTIBAIDBC(dissolved black carbon) (Kim et al., 2004; Mannino and
Harvey, 2004), FT# T BCAA T KFMARE D BHAFIAIIAIR,

BCHIEEE

BCRY“#HIE" 2T EASMFMINEAFEERE, MAS—TFHERE 7T ETHMRM
BB DT A,

1 HTFHEHBEUGRREMY, CRREUNEYTIERENM), BCrlGHT NIEMRMBIFMMELR
SREA.

2.HTHRTEMY, BCATBTELHEFNMAEEE,

3.HTFHIR M, BCaFIuiEsgalmyunsSiz,

4 BTFERAMLERER, BCAMATEELIE, WRENSEMNESE.

5. T EBAMNLERERBR/NIKIR, BCRILARMESHRY), #ENIFRRS, BEALE
-

6.BCEI{EREERZ—,

BCit & it

1.EC I8N EF M RIMR, EPRaJENZMEMENEREFE, ER5EMTERES,
BlaNEha . RNKRE. AE. Bk, BERESBRMARIE, BEIANNECEFBRINAEN
BC #HITEEMIRMENX, BEIEEMSANSIR(~ 4000K) K TEERREMEN, BREHR
BEST 340°CHABEME NS HMIRBAD (Petzold et al., 2013), £ BCEELBHIER/L
F, EC 25BC BAmZMNAE. EC Ml BC 28 )% T AE # EST XMFHEATI(ER 1), AR
il 2 E BT FRERZEZFENRIE DG,



2.Charcoal 3¥H

R Organic Atmospheric | Soil Biology And | Environmental Science | &%
ﬁ *}-L }ﬁ / Geochemistry | Environment | Biochemistry & Technology
S (0G) (AE) (SSB) (EST)
\ N\
EE EWJ }ﬁ EIJ Z_ 7L + (since 1977) (since 1967) | (since 1969) (since 1967)
. BC 43 (1995 231 (1993 2 (2009 47 (1986 10
JR 16 (Whitlock ases] | 2atiises) |2 (2008 =69 <
PyC 9(2012) 0 2(2011) 3 (2014) <10
and Larsen : Biochar 8(2011) 5 (2015) 37 (2009) 88 (2007) 1429 (2009)
Carbon Black 0 0 0 2 (2015) 35114 (1963)
2002) (Chaloner, .
Activated Charcoal | 0 1(1982) 0 1(2012) 3234 (1962)
1 989) Eg }Eﬁ :J: Activated Carbon | 1 (2011) 10 (1970) 1(2004) 298 (1967) 34960 (1967)
Char 13 (1993) 2 (1986) 1(2013) 29 (1998) 2594 (1967)
;‘\Fﬁ ﬁl:. / SN u& Bﬁ Charcoal 14 (2003) 4 (1995) 6 (1980) 17 (1975) 17914 (1966)
Soot 4(2002) 74 (1972) 0 108 (1967) 7687 (1967)
J IU \ i | j: Graphite 0 1 (2004) 0 14 (1988) 71973 (1966)
4 Elemental Carbon 0 91 (1980) 0 47 (1986) 99 (1965)
£ ’E MK SR E

& 1. BHAXAE CIRB B T EIOREK
2EMR. FEHK

B EIEY biochar X—ARiE, HiAKN biochar 1BXF charcoal E&EZXRIA wood- char
(Karaosmanoglu et al., 2000; Lehmann et al., 2006), @®I\N biochar && PyC. T4
MARRER/ BB RENENE (Bird, 2015), EAEDMARF, charcoal FE F bio-
char, Bt EFEEIAN biochar FHEEANEINREREGT, IT7TEF K BRS/
DB AR T - AR, AT TIBERR/MmBEFEmMAE TR (Bird and As-
cough, 2012)(Karaosmanoglu et al., 2000; Lehmann et al., 2006), T charcoal ;2B #58
BB AR EZ(Lehmann et al., 2006; Whitlock and Larsen, 2002), 7£¥& 3¢ biochar
5 charcoal 2E—M4, AIS—3ETREEVMFRNATEMREE, BIFFRMANFERE X
F AT charcoal HLthr[FRE A biochar, HixHWER biochar BRRTANREE, BEIA
N biochar/charcoal R~ AK, BEMTMHTCER , FERIRTFLiEAH(Masiello, 2004),
Biochar #1 charcoal FEHIMEEFIF, HXE EST:SBB FEHHINEHRSHE bio-
char, E)X& charcoal (X 1), %8B biochar # charcoal 5 AR . EFHIREERX,

\

3.Soot FHFFIMEM BB R CAFIERIMAIRTTERSIBIR(PCC 1996), Soot BE A Ak B &S/
TRSIARHRIGE)—)RHER, BRI AR BIARISIZP RSN BN /R AR, Soot FFER/)\
(<1um), HEES.REM®R, KEHEZVYMEE (Masiello, 2004),



4.PyC BENBRATEMARIRZR(EIEEMFUARIML AR PR E BRI BRI SR
(Bird et al., 2015), PyCRMIKZREFLNNR, NRBERBIBMATENRETETE/
SRMEENESHRDAEE. REERE . BHAABNEMRSF IS BRI ERTEKA
55 EE/RRMNEEN S F(soot %), PyCT2011EMHERIRY, SWRIEthFuE @ik
(R1). HIANPYCECEHENMEELR, AE/EMREXER/MBLE/IHER MIIEaEFA
A BCHHIEMIER IR~ E T PyCSils, (BE(1ETBCIZ?BCH & 5 BNk B AR RENE?
M FBCHEMMBMI, PYCH RIXE R MK,

B, BRiREE ERmE—RIBCE X ;EC/charcoal/biochar/soot/PyC 5BCZRX E

==
==
H o

BCHIEER &

RIEBCHYIEM, BCHEEREZEEBIEAMRICE), ABEFREN), t FREMERE
REDM D FInGEGEE). BCEERERNNLERR2,

1. ik

Nuclear magnetic resonance spectroscopy (NMR):F BT E R FIZHEIREEN D F
N FEMAMREER ., NMRAUAE=ZPYCELMMAEILSEIR, ERIZEEMEN RIS
MHEHEXEFEE. BEENMRIERNKRE, BEEEES HRARBEER, 5| ARIMNID T
RE,

Mid-Infrared spectroscopy (MIR):MEM LI 7MESTFIESTRRKER, MIRIRE. EH,
{EEBCH—LEERERAMNMMMNZFERMNYE, EMIREEHMIBCE AN EHITRIE,

Near edge X-ray absorption fine edge structure (NEXAFS) spectroscopy:NEXAFSYEIE{X(F
FaZIRY, HED RS ENRIRXS 25N FmAYRE(10-100nm), BERSEAREREFE
B SIMEVIRIBEIE, FIEfbiocharft 2L REZ XD TN, BIMNBRIKEE
TERMNNLTERZHERERSRE NERNTFAERHE.



2. EIA(charring 2 VA S 1B F £ AV 0] &)

Loss on ignition (LON:EXFER B]NII 1 mBA TR, HXMARIERIFMHAITIRE, MK
HNESHEIAEIRNESZ, MANKIEEREDTENHITEE,

Chemo-thermal oxidation (CTO): & # T M E AR A KB R F Acharflsoot, %IRRT N
AR ZERECTO-375, BRFHF/HCIERTNE, ARRER=8CEMHCIXN BT
KR, ZBREZSSPXEFEREITNRE75°C), REFMRATEDTNNRRNGEITEEZ., 1%
AT AR EOCTEMREIFERcharringZT HBC, 1BR2E/KMsootm]gERER LI IZH IR
K. ko, BCRAIgERIANAEREENEXEAMBEEME, thrAIgEH Fcharringm# S,
CTO-375ERTEEaHEEBC,

Thermogravimetry — differential scanning calorimetry (TG-DSC): B3t miNABIENE=E
M E(BEE)EREEB DM TAIIEXN T8k . [BERITAEFmPHIBCH B LK.

Thermal-optical transmittance/reflectance (TOT/R): IBiCEM: A B LERMUT, OCEE
REMAHKCO2), MECARIELR, HMEEFER:1)EBESIRN)FINHEREOCE ML CO2,
IRECO2MEMRRE; 2BAO2, IEMFEECEMMCO2, NKCO2NEMRRE., B2,
OCHIECE= BT, 5Ia011)OCEBMI B KKK BECI EMIEL, 2)HOCEES IR

charringZ R ECTI SHRECHEh. N T E1Echaringi&liNiRZE, IEOCIEY.. ECIREMER
HE|ANXERIE, (EZAAEMNNOCEIEMGIEMIAEIGIE, )

FHFRIE:NFRENHEDEENREE, XMMRIELEMMISHNECREREFEE
o BRIRREBE—FEREZNEC, MMIRIERERERIZIT;FOCECS fi(throughout)t
ERIBIE L, MMRIERDEFRNECREEZINRK, EFMPECEEEMD (FIAIFHE
=), WmMAENEREIEERRDER, NMMKRIER ENGRBERAK,

FElLE, RIOELERZENERFEZRURT1)RER;2) 7t FRIE 7 E;3)FmPOC/ECLE(E.
BCEANTEMBETERNEEL—, —RIANNBICEFTNENBCMRAZIEREE , BE
BRIFRETIAEEIERP—RAFEEE).



Hydrogen pyrolysis (hyPy):TERaES/E/1(>150ban) T, LAEIIIRIEATINFIEZR(B°C/min
E550°C)INAES TR BEEATINFER, EEFERPNARERRE, Mo EOCSBC,
HyPya] AL I &z /J\charring, AIA100% A BEATRENR, AILUEBCSEE/ /M =/
KRmX D A(EEANEX DML (bituminous coal), AJBATED F7KF EEEBCHI AR ENK,
ZhRERTEESHREEMNBC(>6TEIN),

HAh AR 7575 B $E:Rock-Eval pyrolysis. Multi-element scanning thermal analysis (MES-
TA)AIThermal gradient method (ThG),

3. K ZEMEFHOCHEAMMBCABMAMRIFIERIROC, MMIAZIEEBC BN,
Dichromate oxidation:FJF0.1MK2Cr207/2MH2S04&, 1t 0OC, F#AHAIREINBC, 1%
HiEERATNESHSENBC, BE2OEMNOCHIELF/KMELE(RIE. KEREMLE
M)A BERER ML PIETF K, MNMSHBCH S .

HtEE M HEBFE:Peroxide oxidation, Sodium chlorite oxidation. Ruthenium te-
troxide oxidation (RTO)#Nitric acid oxidation,

4. 3 FIREE:

BPCAL: e E & iR m EEE THI R REEISBCRBIAEMWITH, EEIHERNN BES
URRER, MMER—RIIEF1DARIFH2 - 6 TERERRENBPCATIIEER 2 BRNO2-
BPCAs), @1dMZEBPCANINO2-BPCAsHIEE, HHAALNATNMRERFEBCHEE, AL
BENHENMUBETNE—ERE I RNBCHAMREMIKNE, BEBRT, EAEE
(B6CAFIK A £ (BSCA)EBPCAFRH G LS, 1REABCHMRM G M A, HiEFEmTBC
BESHMUENRLEE, AMEEBRIREPREBBNRDTMELESMAKCO2, HlLL
BPCAER MHIR E X RERNBCH T, [IZERATARMEERFBCHIDBCHIE
MEEDH, BB ENFBPCARD FRRENMNEND T, BREER. TEHIE. RAE
=. BB, hEFENYNERTHESERENNTIMNBPCA (Haumaier and Zech,
1995) (Artok et al., 1999; Chughtai et al., 1991), EUBEIANEBELR KT ET389BPCAR]

10



NO2-BPCAX¥EF+BCHIDBC, ZhZERAFTEEER2-7TTBFHHIBC, AsEE=3EH Bl
SERENS B,

~

Pyrolysis gas chromatography — mass spectrometry (Py-GC-MS):. 5ol A n TR N ZIER
NARBEENERN/NDF, BRI FREHRASEEEBNENSE, fEAREHITIR
All. 1ZF AR AR Ez—?ﬁ:@%ﬂ’]ﬁﬁiﬂﬂﬂ’l 2ER, BRZAETEEESER/SHBC, H
BRI TR SATFEcharring|a) &R,

BME<Z, BARB—MRAEAAES BC BENESUE,

Technique Advantages Limitations 1QC Access  Cost
Chemical
Dichromate * widely used and tested * requires demineralization 1Q ™M ™M
oxidation on standards * multiple handling steps

* isolates and quantifies * no agreed protocol

* does not eliminate
hydrophobic compounds

UV oxidation * widely tested on * requires specialist HQ L ™M
standards equipment
* has been the basis for * requires demineralization
calibration of other * multiple handling steps
techniques (e.g. MIR) * quantification relies on
NMR
Peroxide oxidation * can provide robust results ¢ no agreed protocol IQ M ™M
but only demonstrated * untested on soils

on other sample types

Chlorite oxidation * tested on standards * no agreed protocol IQ ™M ™M
* easy to implement * multiple handling steps
* isolates and quantifies * does not eliminate

hydrophobic compounds?

RTO oxidation * oxidation occurs atroom ¢ untested on soils 17Q? M M
temperature
Nitric acid oxidation ¢ simple and rapid * poor isolation of PCM IQ ™M ™M
* equipment widely from OC
available * untested on soils

11



Thermal

Loss on ignition

Chemo-thermal
oxidation

TGA-DSC

TOT/R

Hydrogen pyrolysis

Rock-Eval

MESTA

ThG

easy and cheap to
implement

minimal equipment
required

thoroughly tested on
standards

simple to implement

tight control over process
conditions

quantifies a well defined
component of highly
condensed PCM

isolates and quantifies

straightforward rapid
analysis

instrumentation widely
available

minimal handling required

thoroughly tested on
aerosol samples
isolates and quantifies

quantifies a well defined
component of condensed
PCM

tested against standards
minimal handling required
isolates and quantifies

widely used technique
minimal handling required

also provides information
on N and H in PCM
minimal handling required

minimal handling required
instrumentation widely

may require site specific =~ Q
calibration

assumes no change in
SOC

issues relating to HhQ
standardization of oxygen
flow/fumace conditions

can involve multiple

handling steps
under/over-estimation

possible due to matrix
effects/charring

not sensitive to less

condensed PCM

interpretation requires Q
specialist knowledge
incomplete separation of

OC and PCM for some
samples

requires demineralization Q
requires specialist

equipment and

knowledge

incomplete separation of

OC and PCM for some
samples

possibility of trace 1IQC

charring
instrumentation rare but
commercially available

does not always result on  Q
complete separation of
PCM and OC

instrumentation rare but  QC

commercially available
requires specialist
knowledge

does not always provide
separation between PCM
and OC

performs poorly on soil Q

12



Technique Advantages Limitations IQC Access  Cost
Spectroscopic
NMR * extensive testing on * requires demineralization QC L H
standards * requires specialist
* detailed information on knowledge and
organic components equipment
including PCM
Infrared * minimal handling required ¢ relies on calibration using QC ™M L
* instrumentation widely other techniques
available * site specific calibration?
* non-destructive * interpretation requires
specialist knowledge
PFL * non-destructive * performs poorly on soll Q) ™M L
NEXAFS * detailed chemical * limited research base to QC L H
fingerprinting possible date
* absorption spectra * interpretation requires
dependent only on local specialist knowledge
bonding environment
* non-destructive
Molecular marker
BPCA * widely tested on * requires demineralization 1QC L H
standards * multiple handling steps
* agreed protocol * requires specialist
* isolates and quantifies knowledge and
* provides detailed equipment
chemical characterization ¢ does not measure most
of PCM condensed PCM
component
Py-GC-MS * provides detailed * requires specialist C L H

information on
components of PCM

knowledge and
equipment

possibility of charring
during analysis

does not measure most
condensed PCM
component

%< 2. BC F&E A 7AHXttEL(Bird, 2015),

13



RS IRRRIK R

AR E R F B =ER 2 A E I Ex(OC)FAIBC(IA R D ErbxER ), EFROCIAIEEEIN
£, ARIBURAN;TBCASEIRBAE, RIIEBERN, EI, SRR EE{EROC/BC tHE
R ERRFARN A E XGRS EENZIN, BE, LT/IFRMRAMOCHEFE—R
PR, PIBAERIMAR WIEORERS KA CHITERIR, SEREBNIFEE, FiEHEm
Atwbix(brown carbon, BrC), EIthixFiI=AREMICEEIR] SEIRIRRIZELZR, MIAESEIRUR
KRR, BrC MUIRHEREE 7 AM1XS OC FIAIR, BRWINR T A= iaiR M2 S &K
RAJIAIR,

BrC 5 BC MXAEZERIMAMAE:1)MIREE:BrC < BC;2)IRJE%:BC T RFANEAIENIK
EREER, XMAEE, KEAIIERES, BrC EREZXIAATREKER  KMNIZE,
BAIREE KBRS ERE KA Z M), BCHIBrC IRIMHRIZEF AUl fEFIE
IE? Band-gapI2ie thiFr] AE & XM alf#l, Optical gap B FEIAE — A ENEEE.
HERSEENNFRIBERHE optional gap 5B FEKIE, MMHIRI;MIKEEERISEFN
AgesliRBFERE, FALAHRKY., FFEHRE/LTRFREL NEMEFRA medium-range
order, BEF 4 MY medium-range order(LHEEZHBB/ REAZ—KWsp2-
bond R ENAIEENN, FEE sp2 F&IEK, optional gap /i)y, WIRUKIEEE, RIKEBE EE5F sp2
Wix[RE F AL ANEE, KB optional gap X MATEK 200nm(RIMNEER), BERIFHEMN
I8N, optical gap [F{f, FELtFISEEEERIREDNRIKEAR) I F IR

FBERHP BC £ERBMEE, RS RHAE, REEES, BthRFEEENRSH
sp2 HUIEE, MMSE BC BN FREERMR, AETARANEZR AN ICKERIEFR
e, AN, BMRIRERE N BFZEEREM, RCEiEE B IR KAEIERER (Bond and
Bergstrom, 2006), BrC kB MGRMIFMAGEIFZRI —/RAFMIA R K SAF I TN _IRER,
HIKA R ERR D8, REIEER BC i, RELL sp2 &tiEEIR BC i, MMMSFEX BrC HIIK
JCIEAEXS BC #5715, RIGIEFZRIERIM-ETR] RWICKER,

14



Bal BrC HUNERERATEUMEEEMNER, TEAIENFAERNREIT/IRDIK).
HYE . HEERCNEWSOCHK A A MER)/MSOCHE A A Hb%)/HULISCE[E5E R) M FRig
%, (BEABEERESE4H 7y BrC, Rt BrC MNREITthEERKNAAE M,

HULISE RS HF—XRIEFELREBEREF/E0FE=NENM BB ERKEMKEELRE. Bl
REREEMEIKNEFAD, ERIMNEERERRE, SFWAEBCHENRY), HEIN
BEMREMURFRGEBCHNEEMNFIR., [ARFKAMERIRDBC)IITN B ASE
UEIERR(HULIS), AEZEHULISNERNZSENMRE(TOC), mDBCNFABPCAENE
IR MHIIRE, lJtI:_JL\,{iAﬁg:*%H?aEPE’\J DBC H3LZ HULIS FHfaEkNRE, ANS
ERE. MEaXUNSEHEERANBTERRZE HULIS BF BrC IRFUFEMNETERE, ALt
AR ——L%H&DBC Bl5&BrC, HRIESRKANL S ARFPDBCHILNME, BACANSLERS
(36+7%, BE1=tHE BPCAs F1 B2CAs), H)XZ B5CA 1 B3CA, 155 AR DBC MNEE
oz 3-4 THRERUHLEY, HIESERESH BC, ALLTZEA BPCA AEE HULIS,
AIFEIKA MY/ EE M BrC NEE. £, WRFA BPCA FNESARF S RIFRY
%Ei”x‘% AAFTAIANRFIFR B6CA FERIRMEENARSFREEM BrC NEE. XRNEMR
XBEsAHELAEM. S B AEDHNERLEE MY AT EEIH-
ﬂﬂ})ﬂﬁxi‘%mﬂﬁﬁ‘é'lt{, Bt HIEMLEE BrC BEZERL 2 (Budisulistiorini et al., 2017),
EibE &M BrC 7] KR AED BrC, &AL EMNER BrC —E/NFASH BrC HNEE,
BEFINEEZS BrC, HF#H—TohEREINE, SEIEINFEHRN BrC REBETER.

=

mc

>m'§z%é

i

2]

L‘

BrC 1 BC @R BWRICHRERIES R, Z[EF B6CA KB4 7T HEERMEY), HAF AR
MRASFRIECEERR. B4, EEAIIE B6CA FrisRMRAESBHEMEER BrC
BC RUEENE? XL BRI CIE A gESR R I OCRIm, F B A 8ERM tiAA Z YK R MKH
1255
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