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Abstract: The pyrolysis gas chromatography-mass spectrometry ( Py-GC-MS/MS ) technique was used to study the
differences in five density components of soil organic matter in alpine grassland. In this study, 150 pyrolysis products were
qualitatively and quantitatively analyzed, and they were classified according to their similar chemical properties into alkyl
compounds, aromatics and polyaromatics, lignin, phenols, polysaccharides, N-compounds and chitin. This study found that
in alpine grassland, the F1 component, which contains compounds whose densities are less than 1.6g/cm’ were composed of
plant debris. Although the percentage of this component in the whole soil was low (only 0.13%) , its organic content was
relatively high (5.7% ). The F1 component contained more lignin and long chain alkyl compounds, which were mostly from
plants, and the content of these compounds decreased gradually as the density increased. The F2 ( compound densities from

1.6 to 1.8g/cm”) , F3 ( compound densities from 1.8 to 2g/cm’), and F4 ( compound densities from 2 to 2.25g/cm’)
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components had similar chemical properties, and their organic compound contents showed a transition state, which
increased or decreased among the density components. The F5 ( compound density greater than 2.25g/cm’) component is
the major part of the soil where its content is as high as 98%. The microbial polysaccharides and N-compounds ( mainly from
microorganisms) in the F5 component were significantly higher than in the first four components, which indicated that the
F5 component contained more microbial fingerprint information. The recalcitrant substances, such as aromatics and

polyaromatics, were also found in the F5 fraction.

Key Words: soil organic matter; density grouping technique; pyrolysis gas chromatography-mass spectrometry

34 BT (Soil Organic Matter,SOM ) J2& 138 v ph Sl il 40 55 1 L B i A4 40 3 A R JHE - W A A B 1) TR 5
Yy, Habtg g s, Stksg, T REa VU E 24850 5 410k, Bt O A 508 & 5 0 B R B DIAE G
TR PR B AR T 20 ten 80 AFARY B AR A JFEE Ry R LI AE N 1.6—2.5g/cm’ I TR
RN ORIN S (DR o wb % S VI s R N 2 . - NSO S Wl = 2 B = 3 A NN R4 N AR R R 2
BELAS AR TR Z M A TS S 5T 2 R P, B s Y R e R 4 R 3—11
F0 R AR B A HLBR I, X — 0 A 4 R A R AU TR R 1.8%—3.2% , A H:
e IR B IR B A PR 15%—32%" , WU E Y E B RRRIR , 5 % BIE Y M HIEBR R A, R B 55
PRI B BERR A DL 22 5 130 W B 45 6 I B T 28 I, Sy 3845 B 1 32 B4 Rl
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BTSRRI AT 3 02 AR R T34 - Mo R B it A ISR X Bl JE e B iR %00 A Ak A
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AUk ZE e LR BIAF ST B R R R A E A LT A R R o 2, AU
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M, HHEA ML T KRS v] LA BRI A P R S L i 9 FLR A A 53 T 48 4L
TP 5100 - 38 AR AR A AR A T DA DK A4 ML) M s Bk R R bk A ) R e e
PIRAE R

T e S T A e e T R K R R )2 A A A e FE R R S ) ) BRI R G e
SIS R G0, N A ER B KRB (AR (LA H AR Y L T, X R A S R G RO AT B A R A MR
SR A Ko T A D o R, 7K X6 75 6 e Ji e € - EAT R 9 A R T it — 25 T @
T DX IARANG B 32 2] X 3k A8 Ak | H RIS I A L T NG sl B3], PRI IR, AR SCOK SR FH A S i S €33 o
T (Py-GC-MS/MS) A, K AF 57 i FE L -4 5 A5 AL o> Z [ IR S22 5+

1 HREEMEEHARTE

1.1 RS X Sl Mo
ARTIF G M 15, R T R e SR AN A b DX A7 T e SRR s, S R ) T R TR A X, X E &
W23 1) 32 B B 2 X5 75 XU e o, Bk 2 R AR TE 5—9 H, Z 4R YK &R 410mm, 4F SR N

http ; //www.ecologica.cn



8 1 WREKT 45 BT Py-GC-MS/MS HA B i i J - HEA WL [RI 417348 SURFIEBE 5T 3

~0.6°C ") ZHl DX AE 2 By o JE R, AR AR R AL ST P (Stipa purpurea ) FIKAE 7 . ( Kobresia

macrantha ) %51

o

1.2 HHERRSCRAE

AR IO TE T B2 B N A B 25 WL 35 ( 30°46744"N,90°59'317E ) JFREAH EMFSTE, 2013 4E 8 A fEAAK
ot MR g FE R SO X I Tmx Im P/INEE TS, B AR U E A8 I SR 4R 0—15em 148 33 2mm iSRG
e, L3 ANEE, REFWFHEMSZSZE R, TR T EL5%,
1.3 ik
1.3.1 AR

TSy T HEEWRCA Nal 39, >R Gregorich F1 Ellert"® AR 0 % . 85 3 PNEEHEMREE—E, R
I 10g IRAFEMA 30ml %554 1.6/ cm’ () Nal %%, 7£ 120rpm [ 9% 30min, 2 J5 7 2330g T #5:L> 20min , 1%
AT 0.7 wm BEESLF AEE I ( Whatman GF/F, 0.7um) , [FISCEERE T 9 5 25 85 /K i Uk £ 3h Mk <50Ms/
em, FRFrABTEES 3 K, DI RIERA RO E . BEHIAS [R5 B Nal WK 3850 5 AN 58, 530
HF1CEEA/NT 1.6g/em’®) 414y F2(EE N 1.6—1.8g/cm’ ) 44 F3I(HEE N 1.8—2.0g/cm’) 443 | F4( %
JE R 2.0—2.25g/cm® ) LHAF LA K F5 (R T 2.25 g/em’) 4043, ¥FARTS R4 440 70 7E 80°C FHE % 24h, T8
Jei W A Ay SEATARIE | (R v 25 BOMIR B 150, Z IR KR B S R R S DA B R ML
1.3.2 PRSI (Py-GC-MS/MS) 4 4 F

PELFSARETE T ( Py-GC-MS/MS) ZM AT 8 Se e FE Vi g h kAT, B 4545 O B4 55 SOM 0%/ BT 3 A
A, Hoh  ARACK  PY3030D 5 £ 3% B A 4 25k - Agilent 7890 F S AH 443/ 7000B 7 = T U A AT 5 3%
BRI (S E Agilent 22 F)) K& Agilent M @35 TARRG . FE5rHTid B v FRIBCHEE f5 1Y 1 4AE 2 Smg A i
FEAR TR, I FRE S I A AR  STARIERT €, Dy, , DA 5 S0 24 7= b 47 58 |, GC—MS 2 #ir (a3 2k 14
B, LSO R, @SN HP-5 (100mx0.32mmx0.25um ) . FHIRFRFF : ML IE 40°C, LA 1°C/
min HHETFE 100C, LA 3C/min T+ 2 280°C, fHIR 25min; FEAE R BE N 300°C . % 2544 SR EI,
70eV, BRI 230°C, PUHAFEE 150°C , 433, FEE N 50—550 amu,
1.4 it

YIRS TR S AL S0 B i AL A Z 1800 LA R B B B 59 7E Excel RS2, i R
5 AT F R340 (Principal Component Analysis, PCA) , 2 E7E SigmaPlot H5¢ i,

2 EREH

2.1 AR EEH R Py-GC-MS/MS (488U E

ARWFFEILXT 150 FpEffk =y A7 e e i 00T A A B UL ER 1, B3 i & W25 30 22 fi
KA RN EY LAY AR RS, H, T TR, A SO = PR 45 AR L 1k 2%
PRI T AL, 604 . ik i IRIHIR D5 e (A5 e R BT 2 S A AR T R,

F1 FARPLEEVNROHRE=Y
Table 1 List of Py-GC-MS/MS products found in the studied SOM samples

RS s L (S R

A E /BRI EoRe) ) o HH U ]
Relative molecular Characteristic . .
Compound name Code . Time/min
mass ion fragment

TIENRIAL A Soil lipids

Je)% Alkanes, C8—C33 8.0—33.0 114—464 85 5.522—91.395
Jid& Alkenes,C7-C32 7.1—32:1 98—448 55+69 2.283—69.791
JENiR Fatty acids,C13-C17 FA13-FA17 228—284 60+73 31.523—70.614

F5 42 Aromatics
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et 2 FAIR FIEE AR PR ]
Compound name Code Relative molecular (?haracterlsllc Time,/min

mass ion fragment
7 Benzene Arl 78 77+78 2.968
F 4 Toluene Ar2 92 91+92 4.727
2.7 Ethylbenzene Ar3 106 91+106 7.25
ZHEIE Xylene Ard 106 91+106 7.513
F LM Styrene Ar5 104 78+104 8.207
2.3 Ethyl benzene Ar6 106 91+106 8.297
PIHZE Propyl benzene Ar7 120 91+120 10.35
1-Z 3P 2 1-ethyl-2-Methylbenzene Ar8 120 105+120 10.647
1-Z.3-4-H HEH 1-ethyl-4-methyl-benzene Ar9 120 105+120 10.689
C3 #{LA%) C3 benzene-compound Arl0 120 105+120 11.29
LKEHH A Ethenylmethylbenzene Arll 118 117+118 13.305
F H F D Methyl-propyl-benzene Arl2 134 105+134 14.484
#, C4-C25 benzene, C4-C25 B4-B25 134-428 91+92 14.093-66.194
ZHFE Polyaromatics
i Indene Pal 116 115+116 13.64
2,3-"/A-4-H - 1H-Ef 1h-indene,2,3-dihydro-4-methyl Pa2 132 117+132 15.178
1-F - TH-2fi 1, 1-methyl- 1h-indene Pa3 130 115+130 17.483
1,2- %% Naphthalene, 1,2-dihydro Pa4 130 115+130 17.715
% Naphthalene Pa5 128 128 18.742
X Biphenyl Pa6 154 153+154 25.426
X-F %28 X-methyl naphthalene Pa7 142 141+142 22.644
1,6- %28 1,6-dimethylnaphthalene Pa8 156 141+156 26.764
1,7- = 3% 1,7-dimethylnaphthalene Pa9 156 141+156 26.871
%j Fluorene Pal0 166 165+166 31.696
ARIFRZIEY Lignin compounds
WAIAE Guaiacol Lgl 124 109+124 15.513
4-F @ AR 4-methylguaiacol Lg2 138 123+138 19.246
4-Z IR 4-ethylguaiacol Lg3 152 137+152 22.208
4-ZIRFEBANAB) 4-vinylguaiacol Lg4 150 135+150 23.425
TR Syringol Lg5 154 139+154 24.714
4-FFR A B AR B 4-formylguaicol Lgb 152 152 27.673
4-(1-N ML) AR 4-(1-propenyl) guaiacol Lg7 164 149+164 27.818
4- " S IEIEB} 4-methylsyringol Le8 168 168 28.772
4-(2- %) LR 4-(propan-2-one) syringol Lg9 210 167+210 28.772
FRILAAIARB T HAL Guaiacol-COOH vanillic acid Lgl0 168 168 29.757
FANARIELNE Guaiacylacetone Lgll 180 137+180 31.35
4-Z B AT BI AR 4-acetylguaiacol Lgl2 166 166 31.696
A-P s 3 — ALK B 4-(prop- 1-enyl) syringol Lgl3 182 181+182 32.854
4-2 975 Z R HEOR B 4-vinlsyringol Lgl4 180 165+180 34.948
A-P 3 — H PR 4-(prop- 1-enyl) syringol Lgl5 194 194 35.208
4-Z Bk — A S IK B 4-acetylsyringol Lgl6 196 181+196 36.258
B2 5% Phenols
FK LT Acetophenone Phl 120 77+105 11.29
)} Phenol Ph2 94 66+94 12.175
2-F L%} 2-methylphenol Ph3 108 107+108 14.58
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et o RIXPIFIL  AFIEE TR g
Compound name Code Relative molecular (?haracterlsllc Time,/min
mass ion fragment
3-+F B A Phenol, 3-pentadecyl Ph4 108 107+108 15.389
x,x-_F KW Phenol, x,x-dimethyl- Ph5 122 107+122 18.938
A LK Methoxytrimethylphenol Ph6 166 166 31.696
ZHEIEB Dimethyl-phenol Ph7 206 57+191 25.146
ZALE Y Polysaccharide compound
LI Acetic acid Psl 60 60 1.464
2-PAHE 2-Fi PU SR IR 2-propan-2-one tetrahydrofuran Ps2 72 57+72 1.734
(2H) -1k - 3- (2H) -furan-3-one Ps3 84 84 2.276
2-H FE W 2-Methylfuran Ps4 82 53+82 2.397
2,3- - 5-F HE0EI - 2-F 2, 3-Dihydro- 5-methylfuran- 2-one Ps5 98 55+98 3.324
2,5-ZH LI 2, 5-dimethylfuran Ps6 96 95+96 3.493
BERE 2-Furaldehyde Ps7 96 95+96 3.593
W PR % 3-Furaldehyde Ps8 9 95+96 3.745
;(iffiii 3H) -PKIRHEH Dihydro-3-methylene- Peo 08 68498 1,032
S 1-T - 2-F IR BE Trans 1-butyl- 2-methylcyclopropane Ps10 112 56+70 5.301
2-Z B3I 2-acetylfuran Psll 110 95+110 5.764
5-F - 2-BE S5-methyl-2-furaldehyde Ps12 110 109+110 5.933
2 ZE W Maltol Ps13 126 71+126 8.729
e eI %G BER Levoglucosenone Psl4 126 126 8.988
L2 Ik I8 Methylbenzofuran Ps15 132 131+132 15.856
ZE R BME Levoglucosan Ps16 170 170 19.433
L FLBE Levogalactosan Psl17 162 162 21.427
e e H @ W% Levomannosan Ps18 162 162 21.672
ZIRFEIRIR Dibenzofuran Ps19 168 139+168 29.757
T AAAY) N-compounds
AL Pyrrole N1 67 67 2.073
MEAE Pyridine N2 79 52+79 2.733
ZHIE(TH) MEH (1H) -pyrrole, dimethyl N3 96 95+96 3.593
x,x-ZHIEMEBE Pyridine, x, x-dimethyl- N4 107 106+107 8.297
JiE/ 75 EERG Benzonitrile/benzaldehyde oxime N5 103 76+103 11.57
3] Indole N6 117 90+117 11.926
1h-M5[W%-3-Z,BERE 1h-indole- 3-ethanamide N7 131 131 16.053
M (Iso) quinoline N8 129 102+129 18.742
i —nik#% Diketodipyrrole N9 186 186 35.453
JUT T Chitin
FHESE LIS 2-Formylpyrrole Chil 95 95 3.593
B IEMEIE Acetoxypyridine Chi2 137 95+137 19.243

FAJBIHER , Fatty acids; Ar: 5%, Aromatic; B: %% Benzene ; Pa; 2 %35 %% , Polyaromatic; Lg: A JJi 3, Lignin; Ph: B 28 k.44, Phenol ; Ps: 25,
Polysaccharide ; N; % & LA 4, N-compound ; Chi : JL'T Jii, Chitin
BTy 5 AN i S8 IR . NSRS T b T LIVE M 5 N e 5 i A SRS W 4k
AR 20, F1 45 Wi ek S A HLBT S i 2 F2 F3 il F4 3 N2 03 B8 1 T B B AL, B A
BUBT & EEAIXTALZ 510 F5 A5 S8 1 B S T 4 D20 AH LU B AR [R], g i e/ B A AL & i b
22 A[FEEH IR AL G Y S
S5ANHSEY S EZ AN 2EFTER 2 h R, PeRRAAE Y F 2RI T T B FAE Y Y 2 T 15 572 D
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Fig.1 The typical ion chromatograms of five different density components

F1:414) 1, Fraction 1;F2: 414} 2, Fraction 2;F3: 4145 3, Fraction 3;F4 ;414> 4, Fraction 4;F5 ;4143 5, Fraction 5

RS RAR YR 2T R AR AR (n<20) FERIE T4 Y724, AT Y RS B
ol A I AR v Pl R o R I SR 1T DR 5 HR B TE A e R R R R VR T AL 0 A W R A (IR TR B ) LA
B A= ARGE AR R ok o 2 S AL, AR S AN R R A Y S K S B W AR L
FAAIE], BRI FL h & b m (405108 :24.47% ,4.77%)  FEJS TR F2 K3 1 F4 2050 b s/ i #e 7e F5
AT FrEE N, k3] 20.18% 5 4.07%

J I3 R 2 ) A AR AT DL o3 2 — B e BE AR AR & — T LA R 40 W 0B 4 R 8 v o LB 7 R
PRS2 ORI IR A R R AT AR A A AR HEAE 8 AR AR TR ( C—Cyy ) IR T 1 255 il 0y 0 I3
O KU BE R Co i Cog s JEBENR IR (C,—C ) EERIETHUED ™™, I F1 2 FS 450, BEIiR & &5
PRI 1 3.17% 080 & 1.2%

IS 2T 5 AU h R ER T e F1L A S E D (00 1 22.34% 5 3.05%)
I I A A R R TR AR T Y AT RER TR S A Y B IR B R B R Y 2RI IR T RE SR IR
TG 7 A A WA 3 SR R A R S 0 Y sk B A S L R T R A AL A A 1 B R Y
FaE P, % 3 i o M A I RIPE
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K2 TRAZEEESFUESYHNESIE(%)

Table 2 Percentage of compounds in different soil components

&Y= Fl F2 F3 F4 F5
Compounds content Fraction 1 Fraction 2 Fraction 3 Fraction 4 Fraction 5
S BEREN IS Short chain alkyl compounds(¢<20) 24.47 16.23 11.26 9.71 20.18
KA4EHEM 42 Long chain alkyl compounds( ¢>20) 4.77 2.61 1.74 0.82 4.07
JEWTFR Fatty acid 3.17 3.51 3.60 2.17 1.20
F5 4% Aromatic 22.34 42.63 40.06 40.51 35.83
ZIRF5HE Polyaromatic 3.05 6.04 7.20 7.99 6.82
ABR#E Lignin 20.12 6.23 8.40 9.04 3.98
Z W% Polysaccharide 3.08 5.56 5.72 6.26 4.54
ARG N-compound 3.18 5.48 6.57 5.63 5.31
2% Phenol 15.55 11.40 15.16 17.60 17.53
JUT 5 Chitin 0.27 0.31 0.29 0.28 0.52

F1:44%> 1,Fraction 1;F2:41%> 2, Fraction 2;F3: 4143 3, Fraction 3;F4 .44} 4, Fraction 4;F5. 414} 5, Fraction 5

FEF1 A ORI B s, TR 3] 20.12% , Bl 241 43 % B A 0 O, LB g il AR T 3R =4 S 4
TREY, GH T HEAGEM UL AGEKRR) C=0=C il C=C 8, 3 LG B RE YT DI K i %
PRI A T 28 1 R R IR T AL A ML A . AR R MERE AR R T I [ B A2 A s st 4h i85 +
Sy BORL Y PR IPE T G, BIFSR R, 5 B R BT R AE /IR G AR RS | 7R IR AR B AR R
T3 0 i B - ) TURAR A P AT 1T AR KL > A > ks > Bk 2

TERRSE Wi E T 7 MR, BAR AL S AR B (B XT SRR K, XS Yk TR
FB RBIR DR R, S5 R Y T OR LR K AR T3R)2 v RO AE SR )2 A o Ak A7 it 1)
AR AL & A

HRERIZ 05 LI EERRROKAE Y, TR I R A A WA A i ELR B B R W R Rk
X A S S D A e oK I S Y 2 L2 BEIE X AFTE . R P B 2R DU IR T4
Y i, ok B T P i ek, -39 20 g AKE R BT R RE Sk A AW 28 1 R P 22 0 LA
HIATHE DA S BB CEFLE SR d2 ., vk BRI 2ok A TRt X A0 B AR 1 A 45 B ) A
F 70 LR R 2 SR A - AT LIS 4 43 ik S B B S A 0 R v S FRRAE R R 78 5 AR, 2
Wil 75 2% JE I R R R U A R 3

TIPS RS Y EIEE AT RS, A T nT U5 A 5 o 3R A AR
FesE MR > RIS e - S 5 3 A R R AR 0 2 5 R A 5 B R A B A RS2 B, B R
B, AL B RE 2%, 2 1T 1 W BFEVE R A5, 2 LA & P s ) e /INRE R R LR

JUT B A i3 r= ) 2R R R I & RAL A R B JLT Rk A T E RS0 sh'™ . 7
5 A LT R & 5 D LT BT BRI IR T I sh i B Bk sk A
2.3 NI E L R B T Y 25 S

W 3 iR, F1-F4 41507 L3 BT o LU B4 /D  FS e 98% , & 3 EE ARG /7. F1L A&
/D (0.13%) , A HPRA VR S R HARXT S, T3k 5.7% , Wil 5iHE 235508 5958 DL i 2
S5ARBFERWELE,S 023 ek, h T8 Fiake 205 B TSR U KBRS
YRR T AR BT RN 5, FEMERE R, PR T AT 0 LU AR R Al B 5 9% BE2H A e O ME S FRIBE . e Ah X T
FEREIERAL A (C<20) SR BEBEIEIALG Y (C>20) B LLIE T 5, BT 4 D4l S Bhn#a s, 3F H KT F5
Hor,

T 5 N Z S R AN 5 B EL A, PRI i FH 32 7804323 T ( Principal Component Analysis, PCA) 3 Lt
MRS EH 2 m 220, Hd PClAUER K, 79.66% ,PC2 FLEIRZ , 4 12.64% , —F BITHCE N
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92.3% , AL H%E PCL PC2 #E47 208 (& 2) o Z30Fr B0 F2 F3 5 F4 3 AN AHITE , 5 F1 A1 FS
2N AR ZES,

x3 TRZEEESTEBINRZEESR

Table 3 The difference between the soil organic matter in different groups

LM Fl F2 F3 F4 F5
The ratio Fraction 1 Fraction 2 Fraction 3 Fraction 4 Fraction 5
JEH H 7 & /2 Quality percentage content/ % 0.13 0.16 0.21 0.03 98.32
PR LR T 4> &

lf;;?fe/fti[‘eﬁ)iﬁ;;a:ijﬂ ;natter in pyrolysis /% 570 0.78 1.25 0.37 o191
JHEE/ KAEBEM 72 Short /Long chain alkyl compounds 5.13 6.21 6.48 11.87 4.95
Ytla/ W de Alkanes/ Alkenes 0.83 0.61 0.60 0.72 1.55
LT 18/ 75 )% Polyaromatics/ Aromatics 0.14 0.14 0.18 0.20 0.19
W5/ AJF 2% Phenols/Lignin 0.77 1.83 1.80 1.95 4.40

BEke/ Wb e B MR R LU BRI (n<20) / RRBEBEMR IR (n>20) :n <20 MBEIA IR & B S n>20 MBEM kRS B ILIE,; 236

ke
Ik I N 2RI S RGO R LR I AR B b SR R A LR

P Y .
30 HAEEAUZ RS ol X
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