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H AR RT3 Pahokee JfE 7% J& 7E R HY 28 AL F0 SR TR 45 4iE

Z W’ FEE $IE HRE BERT
(RS ASMERTEHEREAERE, L1 200092)
® (ERREB MR TIITAR A HLIRAE L S0 T 510640)

W E @uRAIRAE-GIE-FE(Py-GC-MS) B0k, B B # R M AR AL AR P BT B, W7 Tk F
BT T Pahokee ¥R MHBKIFEAMMBAFE, 52 RY . WA RS ABBI AR ELSHHNRAE Y, D
BB ABRN SR GEARMT Y, Uk — 8 RS AR R ), R W Pahokee B 5% M Y
TR FEESRAEARRER X, MiAE DAY B B H BRI R WA ER IR,

XRA B, BALR, AR, R
1 51 7

B R SR YR A A R AR IR S SRR B RAB VLR TR, &
BRFPATEZ 2RI, FH UL THLE Y B RR VTR FHAMBE, KAKEELE S
BRI RESEIEREENEW Y . B, KXY ROPIR —ER B L HER ER U RIF
MEFRNKE ., BHEYRAERESR, BABERTRARANGEH, R T AN ASEWHBTR.
i AR E R (IR R BRI ) SOARAE , 1 I T K 5 7 Y BB AL TT S A /N5 T 4 R A
BIAI T BRI RS ARARE . SEREFEIEML, RESARRERE, FFRERRD
(—fR )L mg) , AT LB EFBI R _REM " . BRI EEN—FSFRERIEFR, B8
ZRATERNEY IR E R TYRREHBR T, AR EHY T, T ERMEFR
%09 Rlet ML LA MR RBUE TR P YR A TR G TR B SRR B ARTE Y |
TS T YR MG HIE AT P EIsEE

ARG R R LR R P EARFRRE T KERBEARRNST EEURETY, L&
KRBT REDTHEYRIENER S VRN RESARETY, UR—BRBTRER EARNESHES
YIS Rk AR Y o RBSTM SFIKEXT Pahokee e 5% 5 78 BR £ 25 F 4 B IR TR K 5L
BUTHERR, AT TREEMER G TH IR NSRRI E

2 WL

2.1 LR
Z-SHE 663 - T BC R Y . CDS-1500 %Y 4# 1Y ( Chemical Data Systems) , GC-8000 TOP & #f f&i%%-
Voyager [fif{¥ ( Finnigan /A %)), DB-5MS E4F A%+ (30 m x0.32 mm x0.25 pm,J&W),
R AL 057« 7O R B2 B %8 ¥k ( Tetramethylammonium hydroxide , TMAH) (10 % m/m ,Merck) , 3255
Pt R A 50 2 S 4B 48, SE B K O Millipore 3 8 1 & (W 4K ( =18.2MQ - em) ,
2.2 FmuTabE
5T AT Al £ 308 i hy Pahokee YB3k ( BRI TR P45 THSS , BRFNK S S B 53510 45.7% F1 15% ) .
JETARRI 4y B HR B IR THSS 05 3™ - FH 0. 1 mol/L HCl ZRBREEL/S , 7E N, R T 0. 1 mol/L
NaOH #5##% ,6 mol/L HCI J13€, R/ A 0. 1 mol/L HC1 +0.3 mol/L HF B4 BB 1, B )5 B4k R 5%
e EE C1 (0. 1 mol/L AgNO, #53lll) , 7R T 1%
2.3 SHFH
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2.3.1 ELHMGE-SHEH-FRE KEARMN(A ] ng) WOXEBRARHLESNRFHEL(CDS-
2000) , 7K P4 A 250°C B BRI T, LL 5°C/ms JTEAE] 610°C HRFF 10 s, RN RIIFHRF Y

R HERE (6 EREFHRRE 35°C (5 min)—m  m000°C LM 300C (5 min) . R T AE 6t
70 eV, I HTEE 35 ~600 amu. i 16 B FE I R B 15 3 ( Wiley  NIST 1 LIBTX ) 130k o o 3
SRR X , 752 (5 6 B I O 0 2 LR 5

2.3.2 EZFERELHB-SHBE-RE EXRAFD(H0.6mg) KHAREFEA 20 ul NH#

SR, B TR AT R . BURERER L, G 35C (5 min) ——2m300°C (5 min) ,
HoAe SR {E T R AR 0, BT S (] 2ESR ) O min FFA

3 ARSI

FEXT B K Gr FH R R, RFRE — AR RETE 600°C A, RiBRERB =W 53 i E
ESCHURB T XSRS TR (IR B R R T BAR) waEm'™Y . 23 LBz, 2R M REER
BEk 610C
3.1 BEREZIAMR-SHEE-RgSH

A 1a AEEMR A EESE TR, BREREONMARE R ENEHE, F 80 2G5 EHHA
T B2 SRERE MERER FTENHFETY, KPR URRENAEYIRELE—F P EEE
B (E lah C)BCARY . FERENRIHAE4 CARBIRENRZY, 205N TE 1a 19 GL:2-F
- 4-FEIAR,GC2.2-FHEE- 4-Z8-KB,C3:2-FHE- 4- 2K B,C4:2-FEE- 4 TR E-
KEp,C5:2-FEE- 4-Z B R B ,Go 2-FEE- 4- I E- KB &Y., BRSSP EEXREMNLES
Wk, KREN I —NERAOEYREDRL,6- _RERXBMEARZY (B 1a FH9S X S1:2,6-—H
- 4-FE-2ER,S2.2,6- AR 4N E- 258, S3:2,6- R EHR- 4-Z B K8 b 7B
BN EERTS, XUREERREHONBETDREEEBYNERY  EIMA BESERS
SR BHMEIE Bt B,

A (K 1a i P) AR BB K B (PL: o-H BB,
P2. m/p-EEKH, P3. M P4: ZEB,P5:0- K —
B, P6.4-Z IR, PT.3-F A B-2K TN ) B I8 R 3w
PR RACS Y, — O AR B B BT BESR IR TR
FBR R KA R ARE Y, BRA=YH
MR ERAOPEERGASY, KRBT e E B RE
FARE. A

PR R E LA BHEMRANBE Y. XEWRY
WPRIUGEA 0152, — BRI TR R T8

30 40 S0 60 70 80
f/min

1 RSN ERE THE(2)

LR R ERCR NI e Y e/ kil e S 3
JRFERR P B A 1 5% B9 — K AT 7 08 10 IR L R TE B
gt FEARBRITAN R AL A 8 B R 3 (R AR
1), AR B MBI RS ) IR R B Y RS

m/z 57 F§RKE T A (b)
Fig.1 Total ion chromatogram (a) and m/z 57
specific ion chromatogram (b) of the pyrolysates

of the humic acid

ABERFHFEGEA R,

Ao R R AR -l B R RS M IE MR IS R R P B R P I R 5
P BB ECE S 10 ~29( B 1b) o HEARIE, A5 B RR BE AR /5 RGBT BRI 404418 31 L BB R AR 2 —
BB, TRERS 15 2) SR BE R R RIS A0 . @R B R R N B R R R
HIBIRRTR AR B E, TR SHPB R A RERMAED F RIS RERE XS, B
KX YRS R FR AR i — MUY BB BB R TARMEME IR E R IIH LA
AR PRI R E BN,
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B UL BB R A TR WA, BB L I BB (Co-Coo IRRTER ) o MASHTRR MY
R TEEE(E2) FATLAEEE MR X A B c
BB BRI, T HLL C AR B iR, C)s-C,, X BRI MR
FE, AT LI B X SE R B T B R B T . AR e
FRGe/ REE( 101, V/V) A AEER 3 VUG B, & B LE IR R AR e || .

VIAEEFE . ZELLEE (O FE AR ZY M8 7= 0 h % % RN E) C,,-Cq Y 3¢, '
MR AR =Y, AT RE R M ZE B PR P O IF B R 2 U 1B
R, FEBHEBEWRBHRE=EN", AU o Jo 80
BRSBTS RE NN — AR KRS S—A
BB R T TR e R (LA Mot B2 RARESSOONARTHE
EMTREZE Z B E B AE R T , SRRtk %E (m/z 69)
JeAh, BRI 2B — A S (N1 M BE N2, MR N3, B2 Seeeiic jon chromatogram (m/x
. . 60) of the pyrolysates of the humic acid
FRBENERE N4 . BR BLnikRg N5.2,2'- —FH- bR ) fimkmg 454 (F1 .
2-KMERE F2 . B BE-2-mk s ) M, RAEER FEA RS
EMFHEBSE TEEBRMTERLE,
3.2 BEMEMLFRANME-SHAGIE-RIESHF

5RBPEMNFEEEEEL, SRREMPREAERE, BERRMEY 6, FEE - HFHE
B RIS BR (0 R BE AL =y (B 3a) . 3 4-—HEARFEMRBPEEM 34 5-ZFAEXRTPE(E3a F CH
SYREFEBHNEMNMAY. XAIHB=YPEEREAKR
FREMB BRI BN B RS RS
PERRE B A Tt o 2RI B AL,
X ALY RGP B B LA Y SR E BB
F2,6-—HEEEH ., £EPEEMBIRET XML H
WHETS MR RA=Y. CL.3 4 HEEXFRE,
G2.3,4-"HEEFZE,G3:3,4-"HAERZHTPE,
G4: 3, 4-"FPER-(2-FER)- KT, G5: 3-(3,4-°H
ML) PP R S1.3,4 S-SR AR S2.4,
5-—HER-1 3-E PR, UIBRE T - BEXR(GEAL B3 AR BRI S TR
FRBEAMHOER) SRR RAETY: PL4-FEE  @EEG) M n: 74 55ETREEE (D)
RZHE P2 A-FEE PR P A-PEEXEMPE P4:  Fig.3 Total ion chromatogram (a) and m/z 74
3-(4-FEHEXE) 2-HEMPES, specific ion chromatogram (b) of the pyrolysates

Eqag,ﬂ:‘&t}g}a— Bﬁ%&ﬁ#%ﬂlﬂ , gﬁjﬂ@ﬂ%ﬂg 22] - of humic acid with in situ methylation
AR e R P B AT FL B R i, I By R B
B 2,6- " FREERED, UREEERYRBRARNE, RAPEMAFRORT TRHSHFH
R E R, U R BB R AP ER LR T LN, FERPEUA, EBRALEGHRER
3%, XS R R BEALE YA KR I AR IR, AT RE7E IR, AR HESHNL S MR B A,
SREINREHORSPAESR L - NREXMNBEDR . B, PEABRETHR M T BHEHNE
RAR

B BALEF L EH B S —MFE R B I — &R T Cy ~ Co ISR R ™= 1, 37 B/ AR R
AMBAE S (B 3b) . St LB EALRTEASARR (B 2) B R R R (R 3b) MR E AT IR B, C Bl Cy
AR LR, LR T C M Cy5 ~ C ST EEARRTER . (T AT LASEN C,, ~ Co MBI BR P BE
ERBETRMERREBR SR PRSI T AR UL RS BEMHEENME =4 M, FaT, M
BERGEE P BRI A S AL L 7] USRI SIS T B P B R R 5 R e ML X BB MM K5 F&H
F il B R RAUERAMA RS FEM BT R, ZERISINREAGEN BT3B A iR 2 @ =Y vl ik

B-Ci¢



http://www.cqvip.com

D000 http://iwww.cqvip.com|

F2 M R4 B HORBIA Pahokee YR 5/ HRR M) 4 BURI R R AFAE 153

ERAME 1 A BRI S A o4 ToAE OB AR 40 BB IR =10 ; B o AR SUARSE 0B84 8
SR B AL BRI K8 B B2 T ZE VR DN R BeAL XA , A DL 1S BV B3 k8 219 B 0 R R
FIBHRTEY 35 B SRR R B B B B %, —RRR T, BRI A MR E,
JUERE 100% , T R oAl LA fEE , R AR ems ™™ o PR, VR I AR LA, e 78 3 0
B R R FIBYR , TS0 2R MK R P RS
3.3 EREEUNERERERCNOLR

R R R R AR R RNBEY, RERES TR F. HEHREEY
BV S B I K, ROV AR BT I AKTAE , B0 FF7E BUR A0S o S R, B LI R B TEARBR
Freh BRI R , DO 0 R R TR 5 BT B A I O B M) 5, T S8 T AR A9 T 43
BORFT , SRS 3 RS AR B A B, B R LA MR B A E
A E R, R T RALETS 5% 60. 1% F178.2% ,
KAy B 7. 7% F1 10.2% ,
3.4 BHEBRNERIH

B R TR = T LA SR AL T B AR B0 TT SR IR
F8, KB REW b (LEERE REIRN o A () B 00
W) B <20 —UH BEAEMRE, TsEK >20 ermetyation
O ER SRE; S RARE T EES
R TR IR ; B AL 0 W B DS B 8 X B T
SRS (RE 4),

%i—— Plants

Microbes

" i— Other sources

B4 Pahokee VBB FHAR A AT A TR (% )
Fig.4 Possible origins of Pahokee peat humic acid
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Study on the Composition and Source Characteristics of Pahokee
Peat Humic Acid by Pyrolytic Technique

Li Li'?, Jia Wanglu®, Peng Ping’an®, Fu Jiamo®, Sheng Guoying **
' (Key Laboratory of Marine Geology, Ministry of Education, Tongji University, Shanghai 200092)
*(State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry ,
Chinese Academy of Sciences , Guangzhou 510640)

Abstract Pyrolysis-gas chromatogrpahy-mass spectrometric method and with in situ methylation were used for
the study of the origin and composition characteristics of Pahokee peat humic acid. The results showed that
aromatic compounds were the major pyrolysates in both pyrolytic techniques; while free fatty acids and aliphat-
ic compounds were the minor pyrolysates. Other pyrolysates including some N-containing and furan-structure
compounds were also detected. These indicated that Pahokee peat humic acid was mainly originated from
plants, microorganisms and other sources inputs were also contributed to the formation of Pahokee peat humic
acid. These pyrolysates and their sources analysis will provide important information for the structural composi-
tion and formation history of the Pahokee peat humic acid, and improve our knowledge of the humic acid.

Keywords Humic acid, pyrolysis technique, structural composition, sources
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