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SUMMARY

I. Title

Analytical Method Development for Soil Organic Matter in the Arctic

II. Significance and objectives of the study

O Determination of experimental methods to understand molecular compositions of
soil organic matter (SOM), the source of energy and nutrients for soil organisms

O Establishment of soil pre-treatment methods particularly for low soil organic
matter samples to conduct pyrolysis GC/MS and of data processing

III. Contents and scope of the study

O Density-size based fractionation of soil with low organic matter content
O Enhancement of organic matter content in soil samples through HF treatment
o Coding for efficient and fast data processing

O Search for the most appropriate multivariate statistics for py-GC/MS data

IV. Results of the study

0Soil organic carbon (SOC) content in the glacier foreland of Midtre Lovénbreen
was less than 1% but that in the free light fraction (FLF) and intra-aggregate
particulate organic matter (iPOM) fraction was more than 30% after density-size
fractionation.

OThere was no big difference between total SOC content and the content in
fractions of sand (SF) and silt-clay (SCF), however, SOC content in those fractions
increased 3-10 times through HF treatment.

0Soil fractionation or HF treatment enabled us to analyze soil samples having
initially lower SOC content through py-GC/MS.



o0 We developed the python code to make one excel sheet showing samples,
compounds, and relative abundance from the raw data of py-GC/MS

O Sparse principal component analysis (PCA) was performed with py-GC/MS data
which has more columns (compounds) than raws (samples)

OSparse PCA reduced the dimension of py-GC/MS data and three groups of
samples were clustered: FLF, mineral fractions with high SOC, and mineral
fractions with low SOC. FLF was associated with aromatic compounds and
lignins, mineral fractions with high SOC showed relationships with lipids, and
mineral fractions with low SOC was related with unknown compounds and the
identification of a few compounds.

V. Further Application of the study

OStudy on successional changes of SOM characteristics in the glacier foreland of
Midtre Lovénbreen

O Characterization of other Arctic and Antarctic soils by applying the established
fractionation and py-GC/MS analysis
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E4 7] (s0il organic matter)2 E% ol EAslE A EolU T &, VA Sl A

e ks R 9AE X E §7] 22E = (Brady and Weil, 1998). 7]

2 Eg A oF 1 5% AR H&E AAAT, EY UoA st 7es
q

o7 JAES AFst YH(aggregate) B =5 T, =3 37V

ste=d Zldett, e o2 = £, oluX 9 Y T, vAE S dodHY
A+ (Brady and Weil, 1995; Wander 2004).
715 EY AHAY odFs 7sed dFE v A7 ", §7=Y 54, =

T7l=el Aol g A Helddevke AT AEe] FE wAe] Uil Heol gl 1

Hu 7S AE, 85, MAE FH fr1Ede vAEY =8 s WsE A
A g EAsteg wlg B3sta njar e Edolth o] wEo] frlE 54 14
2 g oy Aottt fU1E B4 AT WHoR M tdd wRe fUEe] 4
2 (C, N, P, S 5)Z 243+ Aot} (Chenu et al, 2015). Tt oz #AAo] e &
As F24 e 337 FF HHE S E4eE WHol Aok (Kogel-Knabner,

2000). Lipids+ solvent extraction %3, polysaccharides®} proteine  hydrolysis,
lignins< CuO oxidation, pyrogenic carbon< HNOj attack WS T3 F&3to] 4
3l 94}t (Chenu et al., 2015).

e WMo gE= B3R X (spectroscopic method)E &-&3l7|x= oh tjE el
spectroscopic W ©. %= Fourier transformed infrared (FTIR) spectroscopy <t
Nuclear Magnetic Resonance (NMR) spectroscopy *®eo] <9t} (Raphael, 2011;
Kogel-Knabner, 1997). o] WH2 {759 dFE FE3o dddoz RIst= A
gy EF A did ARE dHA d& F dve Aol Atk (Chenu et al,
2015). % s}t Y]zl et 5AS BolE k= vk Nk W3 EsF Y B
ul vl AR e A (paramagnetic) =& o gk A1 o] 1] 3T AA A
= 1 2d9eds A7) oy url @} (Kogel-Knabner, 1997; Chenu et al.,
2015). T3k A7l gk ARG AFste A% A ot

co 0w g AmziE WA 1R 2SS v‘i—ﬁﬂé}‘ﬂ e =

=
7IAE GCE &8st MSE &3ty =4& =8+ WHoltt (Mehrabanian, 2013;

[N

Derenne and Quénéa., 2015). Pyrolysis products$l pyrolysatesS B4 so 2 A o] &
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459 0e FAAAY §718 54, THS FAT F Ao BRRAW A
2AHE Bde] P od ARw 92 5 9 W, py-GO/MSS 45 B

=)
o

Ack g AR WS F2/384 F= Rl a2

EYS f71E9 Fxo ud ARE AFIt (Chenu et al,

A1, dEHE Fa] 9= pyrolysis products

¢1gt side reaction (decarboxylation,

dehydration, aromatization reactions)®] A=< 7520l Qlrd (Kruse et al, 2011). %

3l o] EAWy © % N-containing compounds®] 724-¢ E4o] # otdtt= Bl ¢
t} (Grady et al., 2007, Stewart et al., 2012).

Z-9 dA7dEE A¥RERY FE O OFUEY TRV =& ovFAEolA
py GC/MSE &3 f7l& #4498 ®ol AASSrt (Schellekens et al., 2009;
Biester et al., 2014). & 2 EY HA (bulk soil)e dide=z EAs Art
2, f71E £8 F py GC/MS £4& 3 495 BX &} (Stewart et al, 2011).
1= FE7F 92 A v % HHEAE BRud v Tk (Zegouagh et
al., 2004). Py -GC/MS &4 &, #Ao] & AF pyrolytest dlido =z 3|4 & 3FALE,
F71Ee 71 B 5o uiE B ghElaelstete] #AskE A= Mddn
(White et al., 2007; Treat et al, 2014). ZUlolA+= EY #7158 dio=
py-GC/MSE 283 A7 Bauso A ok webA, f7159 5%

A

n ol oJst Mg E3E AASE AlE7F E a8k, pyrolytes©]

o
e

3

T,
U
o

il

8% 23, A4 products® @ EH3} sHo] Basteh meba] B o)A
A

o

=

TrlEe]l HE5E 55 EGS R py GO/MS £4 WS gystaizt &gl Al
= E f

W OEERE EY f71%e B8 pEe AWsa, py GOMS BHE BE 7129
54 24 PHS BYst A BER Y
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7h AAH FE

NEBH 24 | @ 7148t @A 71 HHE 9

O J¥d#=9 Wageningen UniversityolA {7189 34 54 24 93
py-GC/MS #4115 wol &8st & 54 pyrolysis productE A&z wt

ouAE FeaE AT 52 3

O Py GC/MS 24 §71%9 S4S BAgt shte] m7EA 28531 9o,
NMR, FTIR%} #Z2& t& WHEN nlaste] FRAQ A3E =58 + &

O ME e A mt g2 2Rwe] %A py GOMSE F8ste], EF f
% B4 vaaAL, 4 Al BEG 57129 SHS Wil A5 F
CERESE
U S5 E

O Py-GC/MS &4 spetEofollA miar 22 AAEH F= o] &5 =
€

O gAtTe7|ede 2AY 25 ATEINOM A74)2 py-GC/MSE 9]
g0l #43+= NOM(Natural Organic Matter)?] 7% % AES 24351

O el A py-GC/MSE ol&st] EY f71=2 43 Atdle 37 o+

O FAAFAA py GC/MSE o] &3td] B4 557 =2 g2y A9 /7E&E
< 438t &
oo mule 3 A9

AFrFy 71| AN & ALAEgR &8

Wageningen| B F7]1 &9 #A =29 wlo]entARA 54 pyrolysis
University |3}84 54 4 productE &

PR NOM (Natural TAHA N NOME A5 He 4
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A 2 AR B &
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TE, MAE TOoRRH fAste] vt EElEAIE 7HA

i ;
= 58 SA4E M g B2 f71Ee s27F vE 2§, pyrolysis GC/MS &
AE T 771EY 78 2 BEAS oElstvvE o wEkA B AFddAE wUlE
of Axe} A7|o| weEl B fractionss Y3, ZF fractions®] 54 2 pyrolysis
GC/MS 4] A48 7ol e AEste S 540 &3 EY Alies #7l=
TEZF e FdEw Ws FERAA 7AHY duds P WaFEe 4

S wx e oW AAFYT. B WE 155 g cm °Q Sodium polytungstate
folS o] 83t free light fraction (FLF)¥} heavy fraction® Y1, heavy fraction
L intra-aggregate particulate organic matter ((POM)3} 4x}2] = 7)o wE sand
fraction (SF), silt and clay-size (SCF)& &3ttt 238 A3 moraine & % <9
A FLF9Y Hl&& 2% v9to]lglir, iPOMS 1% Ul9olgltt. Morainenlzt& EoFL
FLF9] H|&o] Z}zt 51/@' 88%= v =i, iPOME] Hl& 3 2% U2 =%
b vl e] Bl&o] gl 95% ool =Hl, SFeF SCFeo] &2 Ao upg} §o]
7V Ao FR71er A § S FLESF iPOCOl At 30%°0]1d o2 7 =4 YErs:

aL, SFellq i 1% vwto = 7b v vedoh f71E S99 E Fsto] Zeg
FLES} iPOMS 2l do] A g4 Fx7F Eof 7 dAE gle] py-GC/MS
Ao 7hsd Aow dAuhEn
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T

B A 3 HdEe o] 8rbe e FU1Ee A ddte] Hod (Torn et al,
2009). F71E2 A M EolA led A o] wl¢ Gefet VAo mRY fHa
ekt P E TH = HHE £dEol7] "Witd, #UlE AAE ddew EAS
g3 717 o} At} (Sollins et al., 1996; Wander 2004). wabA, 2o ulg} oz 71X
HaHgo] AMEEA doh EY fU1E 282 f71E9 537, 287 54& w9
i, SOME et st Z1Ael g AT Tol wel &&Hol gtk (Wander 2004;
Chenu et al., 2015). &3 % 7} fractionol] tist AR&= 7] ¢ ®¥sgle} 22 97 2919
H3lo] oa] SOC poolse] ¥vlu} W7FeEX], B+ C sequestration 5o o3l FAH =

|00 g aar dried sail

| wel sigving
t——— ; aggregaes
____,_—-"' 1 T — =i < 53 wm
et o e —
r; appregates [ e B —]
aggregwes | = 250-2000 Agpregales
= 200 am | (M | 5 53.250 pm
- — | L F — = —y— — 1
{BaLaticn fetatic \'\ Mmicroagpregale Fotution
L85 gem LBS gem \. LR R LES gem™
\x
. A 3 salt and clay M
/ N, sl - " ¢
y '\.__\ /-"' x"\__ Fin & <3 um N
ﬁ-’ ) P; \& / \%‘ da=c M) Pf \-._&.
frec LF HF free LP HF coarsg POM Microagsregates fiee LF HF
=05 53.250 pim
| iPOM) (M} !
| | flotanon |
| HMP dispersion U HMP dizpei s ol | HMP dispersiom
1.B5gem
i + sleving = sisving ):\\' = | + EIEINg
£,
mE0c ""-/J?;"""-;-. mE0C ..r:-"';/"-,_ Sy o MEOC e
1 i 'y e POE I .
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&1 samsoum Py ‘-._ P e |
i {20HIF % HMP dispersian v
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| M) Bl (250¢) (2500 il and Clay & " (53}
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{5+c M) $3.250 pn
(EmMIMOM)

Fig. 1. An example of soil fractionation based on density and size (Six et al., 2002)

= F Utk 7P o] &85 fractionation WHS W% T AV w2 22
o U5 e gAL o] @alo], AR mi= BAS light fraction (LF)2 TFE38+E
d], o] fraction®] 4% T2 AZE o]dFHAY, ¢ B 7F o] FolR A EA AZLE
< Hlt} (Golchin et al, 1994; Wander 2004). ¥ =7}

£ heavy fraction (HF)® A ¢sliL, o] fractione F& 1]

r-1m m\o

& g9 ofzdl et A
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s 2499 frlesolns E87F & HA Fob 2=l 73F &% BEF T A o
ek (Golchin et al., 1994; Wander 2004). Z7]o] W& £3L F=2 53 ymA7| o]
sand size fraction®} 53 um=7] ©]&}9] silt clay fraction® & F-#& 3t} Sand size
fraction® 7%, Y(aggregate)ol <ol HZHWr Q¥ particulate organic matter
(POM)o] 235 0o] 9t} (Six et al, 2002). A7 & EFa= 4 Jxpe z77 2o
A AeFE frlEe] 2%E FdFe] wo frlEe] o ol Yt BHEHE Aol
At

0% T
Proportion of total
organic carbon _/_//—\

100% T

Cumulative
alkyl-C
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carbaxyl-C
O-alkyl-C

C/M ratio

30% T
Proportion of
microbial biomass

Xylanase(fungal)

Invertase(bacterial)

Signal of =
microbial products
(Ga+Ma) [ (Ar+Xy)

150y T

Turnover time
(*c,co,)
1ac age /V\

20mm O63mm O2mm G63pm 20pm 63pm 20pm O06pm 02 pm
Sand Silt Clay

Fig. 2. Soil organic matter properties depending on particle size in temperate top

soil (von Liizow et al., 2007)
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B Eglx I A7 B3 d B Eag 9% dAert e dAg
HAL v geFela, dutsiso] 91X &t} (Whitbread, 1994). kst Jwo] B &
AP AzxE ESS Ho @o]lF AL 9F7te] shakingl2E AP EHE A F£ 9t}

& pul =

(Chenu et al, 2015). 248 Has) 317 e AxHA FL F& EYES AMES)
A, EAE A4S F8 T
(Devine et al., 2014). =
shaking &t A1, 44 7 o]
B F4, A4, H1e o], & o Fel o °ﬂL1X]7} ==
Z2e FA4Y 22 WHoz A4 A&se duyx FE FAY et 9
(Schmidt et al., 1999). oIUXI7F vF HalA A&HA LyAolder <o POM
E+ mica BFYE Y MUl LdREo] EAAE ASSE A7t (Chenu et al, 2015). EQF
o] xS 9)3] Na hexametaphosphatet} Na resins® Z& 3162 BEAAE AR 3=
A% At (Six et al., 2002).

dreaks o8¢ Ed fractionse] #ELe Fz vl R 22 f7] &4
(bromoform CHBrs, 2.88 g cm ; tetrabromoethane CoH.Brs, 296 g cm ) X H7] 4
wl (Nal, ZnCl,, Mg2SOy) 9} 2L fAE S ALE319tF (Dalal and Mayer, 1986; Paré
and Bedard-Haughn, 2011). ¢]&g &2 opgfst dWx 218 wE & A9, =2
Azt wrstEie] 540 o] ARES ®IETE drobxja glvh. Al sodium
polytungstate (Nasg(HoW120s0) 2 THEFS W 9e] A%(1.0-31 g em )& o5 F 9x
440 gl HT 7HE wol Z&51 Qvh (Six et al, 2002; Moni et al, 2012).
Colloidal silica (Ludox)+= EAlo] flu 5 A& & As] &3p7F oFshAH F
U = WEst 1.4 g cm A BA, A48 organo mineral complexesE 2] 8} 7] ol

H) Dx7F e EAo] gltd (Crow et al, 2007; Moni et al., 2012).
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ik %7

2T, gAY AdE atg e wha 4Fo] Ael7t u
= A ARE AY (Pt 55 A7 BR2a, e A 228 A= A9
°of EY AR AA)edt (Table 1). AAR A9 EYe Az F, 2 mm A& 3%
A BESe Aol ol &tk

Table 1. Sampling site description and soil chemical properties

) Deglaciated ) o SOC TN C /N
Site Age Site Characteristics )
year (%) (%) Ratio

ML303 2011 3 Close to glacier terminus, mostly 0.12 0.005 24.6
covered with stone and gravels

ML301 2006 8 Mostly covered with stone and 0.31 0.019 16.5
gravels

ML191 1978 36 Many gravels, Saxifraga 0.22 0.016 14.1
oppositifolia and. black crust

ML103 1957 57 Moist soil, Covered with black 1.06 0.063 16.8

crust, moss, Saxifraga
oppositifolia , moss. Sparse

distribution of Salix polaris

ML62 1949 65 Near to glacier stream, Many 0.14 0.010 14.5
gravels. Saxifraga oppositifolia

ML47 1944 70 Hill with gravels and sand. Black 1.04 0.072 14.4
crust, Silene acaulis

ML20 1937 77 Stone, gravels, and sand. 0.56 0.034 16.6
Moderate cover of vascular
plants

ML305 LGM Moist soil, High coverage of 2.97 0.203 14.6

Saxifraga oppositifolia. Black

crust, moss.
ML312 LGM Saxifraga oppositifolia, moss, 7.00 0.571 12.2

Black crust
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U, dxel A7) e EY {7E 23

iz

EY F7]5L& 3] A& (turnover time/retention time)o] ThE o g 71X AES 7}
ounwg olE #3E+= &% ute} labile, intermediate, recalcitrant
pools@ ¥ 4 2t} Sodium polytungstate (SPT)&<le] MITE WTE 155 g cm °
2 WE 3 EYS 10 g& ATt dARETE ol &5t o G = R
free light fraction (FLF, labile pool)¥} 7}elgts= R o2 virtd (28 1), 550°Cel A
Bl GF/A ZHo| IFHEZE AdHslo FLFE &3t d2 Edd 244 (sodium
hexametaphosphate) & 2oL, 1847 St £59o Adgte
wet-sieving € ©]-&3t 53 um sieveol| FIHAIZT A FHol e AL B + ¢
o el HEWrY 7] E(POC, particular organic matter occurring within
aggregaes)Z 4], sonication® ThA] SPT& L o] -83}e] POC2 sand fraction (SF)=
T-EI AE 533 ZAL silttclay fraction (SCF)CO.&A], H]o]A o] Ho} &4 A
Z %, SCFE 2ot 8% BHEL 45°CoA 1z F, FAE FA390 A= o
€ fractions AHAIH F. A st 9AFA 7] (FlashEA 1112; Thermo Fisher
Scientific, Waltham, MA, USA)E o]&3&to] 950°CollA B¢, F7letaet T2 o

& =350k

intra-aggregate
Particulate organic matter
(iPOM)

Free Ilght ractlon

Sonication &

Density
ULy =2 oM fractionation
Sodium polytungstate
(1.55 g cm™) Sand
+ intra-aggregate

fraction

Sand size fraction

- 3% 28

(53 um) Silt+clay size fraction

Fig. 3. Density-size based fractionation of soil organic matter (SOM)
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3. 43 & E9
7h M=ol Av)e] we BEY 718 23 W

EY §71% 292 99 SPTe) wEE 2329 B gaoz 24 u
d

= =
GHol = FHoli, sand 719 YA WUIEI {FrlEo] ¥ ¥ =5
o} wEbA, JAFe] =79 whel sand-size$} silt and clay-size (SCF)& WA &g 3
sand-size fractionol X A FEAE o] &3le] {7]&E2 wvl(sand fraction, SF)&
TE3A T Sand-size fraction®ll A F7]1E2 Yol & RIWIH FIEZA
intra-aggregate particulate organic mattero|t}. o] &2 & {POMZE A 2Jdle] £435%]
o}, 23 A3} moraine ¢tE A Gl A FLF HI &2 2% w|vko]a, iPOM2 1% W
9] o)At} (Fig. 4). SFe} SCF9 Hl &L A% SAd wal el wa wWol7b ).
62 200 AL 2o HlEo] 80-90%= AAsEA AL, v A S SF& SCF
o] ¥kt AL S A 3}lrh. Morainen2&ol W 305% 7 312HS FLFe] v &o] 7}
7F 5.1%9F 8.8%= w9 =9k, iPOME] W& ®&k 29 &2 =9t
TR A - FLFSE iPOCl M 7H =7 webskar, SFlA 7Hg S vt

st (Table 2). FLES] 7164 bk Weles Al7leh #hd glo] of 30%Wel=

o, Watol A Zhd ZhkE 303W A FolA 36%E M =& #e BoAFAC
ML3039] 4% oejxde] vbRAdgo|x E-3ta iPOCY o] wi-§ yvtol iPOCE] C,
N &4 py-GC/MS #4 HA3S HAAstA $5k3dth iPOCE i X3 ol A
FLFRT tha =2 B4 Bl SFE BAarErl 714 =99 3121 AlolE
= A9slis 1%E 9AX E3F 2, morainestEol A7 2ol Welr7t SEH A
¢l ML303H# Eef steFo]l 7Hg =3d ML62W A HelA &4 w%7F 7Hd oA
Byttt SCF= Wstel 71 77k A elA TOCs =7k 7H¢ ekl morainenH7h&:
ol 4 71 =4 "Elsth SCFY TOCEE=+ EY #3 d TOCo FZe9 #FAEA
. 28y, TOCE EY Adiel A4S Bolx &ge AFE°l Aoy, SCFe E
& Aol wel TOC sE7F 27Fste s HoFor

ftlo

offf |
L
il
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100 —=_=_—-- FLF
iPOM

| SF
SCF

~
(&)
|

Rrelative ratio of each fraction (%)
3
1

303 301 191 103 62 47 20 305 312

Site No.

Fig. 4. Relative proportion of each fraction from seven sites (303-20) in the glacier
foreland and two sites (305 and 312) from outside of moraine. FLF: free light
fraction; 1IPOM: intra-aggregate particulate organic matter; SEF: sand size fraction;
SCF: silt-clay size fraction
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Table 2. Total organic carbon (TOC) and total nitrogen (TN) content in each
density size fraction

FLF IPOC SF SCF

Site TOC TN ON TOC TN N TOC TN N TOC TN N
(%) (%) (%) (%) (%) (%) (%) (%)

ML303 3596 1.21 29.82 0.07 0.00 1569 0.16 0.01 12.10

ML301 1744 0.50 3464 3334 1.25 2667 0.15 0.01 1737 0.27 0.02 1455
ML191 2925 1.41 2079 3294 1.76 1873 0.13 0.01 1305 0.20 0.02 11.58
ML103 2807 1.17 2404 3711 152 2449 0.35 0.02 1775 0.71 0.06 11.08
ML62 3125 1.27 2468 1299 0.51 25656 0.05 0.01 890 0.71 0.08 8.40
ML47 2651 1.10 2405 3248 1.44 2261 0.60 0.03 1758 1.09 0.12 9.19
ML20 31.03 1.40 2219 3756 1.92 19.6 0.33 0.01 3541 1.32 0.14 9.43
ML305 3260 1.32 2466 3753 2.06 1821 0.91 0.07 1375 2.80 0.25 11.09

ML312 2890 1.32 2190 3826 2.34 1637 3.71 0.36 1030 5.13 0.47 10.95
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Al 24 Py-GC/MSE ST §7129] 54 £ wy =%

Q9 FU|E9 FE7F G2 A5 E py GC/MS 24 F3 f71E 54 &40] o
Hoh mebA, fF71E 8 Tk FUlekA 3ROl
silt-clay size fraction (SCF)ell &4t A& slY, ¥ &4 %2 3 108 oo =
solAth T B AFdA e py-GC/MS 4 & F5HE tF dolHE 584
ow A& A F dv ZrIaHS AU iAo R A(EAE =37)Y
M7 dAR)e AFro B2 HolHs durzed =+
o] ofH}, walA, py GC/MS do|Eo] &3t sparse principal component analysis
(PCA) WHE AAsle dolH Y& F438At Sparse PCAZ 3 FLF, mineral
fractions with high SOC$%} mineral fractions with low SOC 37§ I1Ho % HFH i,
FLF+ aromatic compounds®} #24d EZ o] high SOC AHEL lipids®2Z 9|, low
SOC A3 unknown compounds®t A9 EZE0] A&d 23 #AHEHUG 2 <
= fr7lEe] B AfdxE py-GC/MSEA o] 7hs gk W &
dol8 At A A4 4 WHE EAFomA, FF g AR

[e]
py-GC/MS 4% 53 A 243kl 7|old = 2 ez 7ddr

Y
32
)
&
=}
[N
z
N
@]
=
Q)
@]
=
Q
=}
@
Z
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1. A&
Pyrolysist= pyro (fire, )3} lysis (dissolution, &3l)et+= F o7z}t
A, 4R s
Agts zfo] FAe FZow WEIL GCE B EZ2& Ry, mass to charge
(m/z)9] H&& 7|Rte 2 MSE 3 5245 #2438t Weltt (Mehrabanian, 2013;
Derenne and Quénéa., 2015). Pyrolysis productsES ZAIgo A 7| = B4
A ok o] MRS Aol wa, 5EE AAert A8 gloe
w&k 3ol Sloh
a8y, GC 8 #A4E AAY By, GCR A
=1

S~

o] @ % gl BASW Aol 7}
Solthe @ o] At} (Saiz-Jiménez, 1994). ol A4S HiE Edo|y FAL #AH
& e BEE2 B4 7% st 54 £AE sdstr] fsd F54 Ailol

obd SAZAHE AMEsHIIE s, fFx3tE AA E487]% gt (Dignac et al,
2005; Stewart, 2012). TEs= 214l 7+ %ol AR = =
tetramethylammonium hydroxide (TMAH)o|t}. Py(TMAH)-GC-MS ®H & g1
EAE R F-E23 7}, cutin/suberin, tannin, carbohydrate markers 52 T34
2 2450 AT (Stewart, 2012). £ GC BA o] FAL BdE0 &
sh=dl, ol& pyrolyzer®t GC MS <Qlgdo]zolA o]z st &HE Fol&=
non—discriminating pyrolysis systemeo]|Z} &g+= HX =2 HA3e =% A} (Parsi et
al, 2007). o] #lolx= GCE sl il vp2 MS® Yol W= v
et al, 2016).

Pyrolysis® B #7129 #2 A, GCE F&3gto| = coelutione &E3}A @A 4
A (Derenne and Quénéa., 2015). WekA, pyrolysis d A& &3 olggt ZAE
A As7 % dtrh. 2 AFEEE WMHO R pyrolysis A, B2 &% (T < 300°C)

=
Aol Aol BAES WA Bed) G, f718e TH ARE TE BE F 9

2 252 ¥9]+ double shot pyrolysis® o] At (Quénéa et al, 2006). #+=}
Fol e E4E ve 2R AEE g Ui, 2E7F =& HRdAE EAE] =
Ak e AJAAE Ad v U EZE 24E F I

7150l v EoFol % mineral matrixol] 23] pyrolysis effluents®] extensive
retention®] Aold 4 A} (Zegouagh et al, 2004). WEtA F7]=0°] Y2 clayey
soils®] 7% pyrolysis A "U&E AANF= GAZE BFHoltt ol& HsiA Ayt
Ao BAS AYdFe WHE AFESHA H =4, non cellulosic sugars®t 21 9]

T FolA] WstE dod|= Aol RiE v Urd (Rumpel et al, 2006). o] <]ol =
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F71 8o B2 FiS duydoz B35 S AMEE 5 o

Pyro-GC/MS®] = 2 wdo A= v‘i‘@] o] gt Aol 9t} (Derenne and
Quénéa., 2015). AH A o= pyrolysis producte] abundanceE ZA3}7]7F ojH 1
mineral matrix effect™ pyrolysis products’} #A&%+d ZAE o F Ar} 9

o= py GC/MS 4% S8 48 =ZEL2 UYFE armoatic N heterocyclic
compounds (pyrroles, indoles)©]Y} nitriles©]| T+ (Grandy et al., 2007, Stewart, 2012).
o] EAE0] A &A% = YA, F= secondary reactionso] o|&| oF7|®H i
F2 dolE o X 9k T3 N-containing compounds®] AFthA ok 24 a7
Ho]l A N 7|59 gspeciation®} ##EHo] i+ Bu% gt} (Templier et al.,
2012).

7} 48 total SOCEES} & =polE Ho|x| ki

3 % SCEFe %
SFe| 4% WA Bwsb we AnEel EASgon, SOCY FEE Hols sl
Az E2HHE)S AHEE 39t SFeE SCEF+= 10% =4S o] 124389 &5

A2 B4 §as D= AAE 33 #BESY (Schmidt et al, 1997, Kiem et al.,

2000, H& ARE FRFE AFH F 1e ARE LHste], Fad FA4E A

. 718 289 py-GC/MS #4

wgste] 1 JAR BT ARE AAUStn FE7|7]del A Multi-shot
Pyrolyser (EGA/PY-3030D, Frontier-Lab, Japan)E o]&3&o] &35 *  QGas
Chromatography / Mass Spectrometry (7890B/5977A, Agilent, USA)E o]-&3}o] &2
< A8 oF 5 mgel MRS 2EQlEs e ¥ F, 27 20 °CE SHTE
2 dEE 3k 100 T 350 °C (zone 1), 350 ~ 600 °C (zone 2) F 719 +%
T-FH(multi-shot) & A& o] A& & sk, 2k 7319 5145’— =50 =
ANE FYo] @ T Ao Ay HATE Pyrolyserdt GC Alo] 9439 &x= 320 °C
132, GC 8 232 40 °CollA 320 °C7H+] 3 20 °CE E’ii’, HE 555

i

it

£

o
[kl
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7 FAAA #=90. GC A& (column)e UA 530 m * 025 mm * 025 um,
Frontier Lab, Japan)& AF&3lA T ol 7t22 dF5E 9 1 ml 52 3255
ARt tE. GCeF MS Alo] AZdH o] 25+ 325 °C& A3t

[ Multi Shot-GC/MS ]

Pyrolyzer

Zone 1: 100 ~ 350°C :|

He Zone 2: 350 ~ 600°C

sample cup ..
sample 5 mg

40°C (5 min)
> 20°C/min
> 320°C (20 min)

[ GC Oven ] [Q-MS ]

Fig. 5. A diagram of double shot py-GC/MS

t}. TMAH %3

AL Y= {Fr|EEd g B4 98 tetramethylamonium hyroxide (TMAH)
2 53 AlA py GC/MSE 4389, FLE 389 303H Az (Y stel] 713 717k
) E ALt 87 A 5E o] &3d . TMAH %3t WH2 2 5 mge FLF A &9

10 ul®] TMAHE W"ojmmal & 24A7F o] ubg-& A7l & BEAS gt 24 Wi
2 99} Tdsl
g B4 A3 AHe

py GC/MS #41 A= AMDIS v.2.66 (Automated Mass Spectral Deconvolution
and Identification) T 21 L o]4-3}o] 213t mass profile2 #&] sz, NISTOS
(National Institute of Standards and Technology 2008) mass libraryE ©]-&3slo] &2
S 5439t} Retention time 3+ ©]H ¢ ¥ A+ 3 EZAE9 initial flushz2 ¢

sho] o] HAd] o] gakx| ekkrk.
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A AT Aoz 4 AR 24 AuRlE A3 AT 24 22 uNE
AEAE 3t7] flste] BE Adrt st dlEe] Foj7tRE wkEojof gt o] & 9
sto] TR Ao]Ql pythong o]&3ste] Z=& AAste] &4l o] &alqtt. 7]Fal
= =44 7} AME9 relative abundance W HE THE7] 9t EE EZES mass

spectrum profiles w2 Q1 ¢ UdUo] A 7Y At AEe M7t
BotAa HEd 249 71 okl HuA ARE Aested AYs] B Algtol
42550tk ool AMDISOIA] fojm AmE npgoz @ wol Az el + A
F=E AT AMDIS ZAiol| =23 relative abundance, 71 =4 9]
spectrum} libraryell #7% o] 91+ mass spectrumo] X 3= AE=7F vebdr. o
Aste AEZE w2 2459 olF& 2R 973, UMAES REE 5HE FYd
Atk o] EdEE v oR 4 AMFdM SAst=A el & EAEkA ¢

Y E2Asctd 1 229 relative abundance® Y E

(Supplementary Table 1).
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[compounds]

o ooss1
0 0

relative
abundance

vl A4E =245 71 Ad

i
)

& Fuste] B9

eR
T

NISTO8 #tolH &g HEi+= 38 uste] HAHFH Z2

719 e o BHo EAl uwigl /R B F3det (Supplementary Table 2). ZF &
v WS3 #uh; Ps: polysaccharide, Lg: Lignin, Li: Lipid, FA: Fatty Acid, N:

N-containing compound, Ar: Aromatic compound, Ph: Phenolic compound, U:

Unknown compound

vk S A A
py-GC/MS #£4& st 1709 Algefy E45= 249 /57 515070 4 =0]
a1, FLF, SF, SCF 3709] fractionsS. 258 AEH FE22 oF 3007 A=l PCA
E4s flallde AliGow)d A7 S48 S E(EA, column) TR Bolokdt
o 2", py GC/MS®EA 584 AEATF7E HE =450 48 A95s gisih
E3k ojE ARoA AEE Edo] & ARoAE HEo]
Y, #EFke]l 022 FAE v &o] =2 A E3 py GC/MS #4] At
Al olElg S-S nHste E4E
dasitt, A g wye ATES FHe)

PCA 2492 =9ste] dHoly $4 A+
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R code for sparse PCA

set.seed(1)
###data standardization####
data_stand=scale(datal[,-1])

index=data[,1]
result_stand=nsprcomp(data_stand)
####Scree plot####

screeplot(result_stand,main="Sparse PCA scree plot")

result=predict(result_stand)
result=result[,1:3]
rownames(result)=as.character(index)

ab=dist(result)

####Dendrogram####
plot(hclust(ab),xlab="Standardized with all")

####PCA score figure####
plot(result],1:2],type="n",main="Sparse PCA result")
text(result[,1:2],as.character(index),col=rep(c("red","blue"),36)[-c(8,70)])
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3. A3 2 £
oA A F H1E 5% A

SF&= E4F A2 % 04%-19.3%7HA] 7] 84
AR7} 13% oldom 7159tk SFe} SCFE 24 Ael 3 47189 swoh wols

3w, =A== 119 F7Fsk ik

Table 3. Total organic carbon and total nitrogen content in sand size fraction (SF)

7} silt and clay size fraction (SCF) after 10% hydrofluoric acid treatment

_ HF_treated_SF HF_treated_SCF

M T0c @) TN (%) ON TOC (@) TN (%) ON
ML303 0.53 0.01 59.82 1.31 0.03 46.89
ML301 0.90 0.04 20.57 1.48 0.05 28.82
ML191 1.43 0.09 16.54 1.46 0.05 28.97
ML103 3.52 0.20 17.74 3.40 0.23 15.03
ML62 0.41 0.01 40.27 7.88 0.59 13.36
ML47 4.38 0.23 19.25 3.43 0.31 11.04
ML20 0.96 0.05 21.02 5.75 0.60 9.59
ML305 8.17 0.64 12.71 9.66 0.90 10.69
ML312 19.28 1.87 10.33 15.19 1.51 10.09

. f71% 2849 py-GC/MS #4]

T 350 °C, zone DellA F 171719 242 A=T % 7350 T

600 °C, zone 2)A &= F 143719 E4& HAEo] HAY #HEd 529 7 Uy &

o, 277 A& T 5/ oldte] Aol HEH= EHELS AASALE Zone 1014 =
g #*

7302l AL, Zone 2901 = 85719 AL B
E2 HA relative abundance®| ¢F 10%E =X sFAT. 16871¢] &2 sk AR+

Table 4] e SATE
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Table 4. Compounds identified from FLF, SF, and SCF through py-GC/MS analysis

Source Compound Source Compound

100 ~ 350 °C (zone 1)

Psl 2-methylfuran Lil 2-Pentenal(E)

Ps2 acetic acid Li2 3-Butenoic acid

Ps3 1-hydroxy-2-propanone Li3 2-Butene-1,4-diol

Ps4 3-furaldehyde Li4 1-Docosene

Ps5 2-furaldehyde [Furfural] Lib Octacosane

Ps6 2-furancarboxaldehyde Li6 1-Octacosanol

Ps7 2—furanone Li7 Octacosane

Ps8 5-methyl-2-furancarboxaldehyde Li8 Tetratriacontane

Ps9 1,2-cyclopentanedione Li9 Hentriacontane

Ps10 5-methyl-2-Furancarboxaldehyde Lil0 Tetratetracontane

Psll 2-Furanone, 3-acetyldihydro- FAl g;tlz grancarboxylic acid, methyl
Ps12 gi?grll?aimethyl—él—hydroxy—S(2H)—fur FA2 Tetradecanoic acid

Ps13 Levoglucosenone FA3 n-hexadecanoic acid
Ps14 1,4:3,6-Dianhydro-?-glucopyranose ~ FA4 n-hexadecanoic acid

N1 pyrimidinone, 6-methyl- FA5 QOleic acid

N2 Methenamine Lgl Ethanone, 1-(2-furanyl)-
N3 ﬁf‘fg‘ﬂﬁ%’y droxyphenyD- Lg?2 Phenol, 2-methoxy

Arl Oxazolidine Lg3 2-methoxy-4-vinylphenol
§J7dl - 37 unidentified compounds

350 ~ 600 °C (zone 2)

Psl 2-Cyclopenten-1-one Li6 Oxalic acid, butyl propyl ester
Ps2 2-Cyclopenten—-1-one, 2-methyl Li7 1-Decene

Ps3 Benzofuran Li8 Decane

Ps4 Benzofuran, 2-methyl Li9 1-Undecene

Psb Benzofuran, 4,7-dimethyl Li10 Undecane

Ps6 Benzofuran, 2,3,-dihydro Lill 1-Dodeecene

N1 1H-Pyrrole, 1-methyl Lil2 Dodecane

N2 Pyrrole Lil3 1-Tridecene

N3 1H-Pyrrole, 2-methyl Lil4 Tridecane

N4 1H-Pyrrole, 2-methyl Lil5 1-Tetradecene

N5 Benzonitrile Lil6 Tetradecane

N6 Benzyl nitrile Lil7 1-Pentadecene

N7 Benzenepropanenitrile Lil8 Pentadecane

FA1 9-Hexadecenoic acid Lil9 1-Hexadecene

Arl Toluene Li20 Hexadecane
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Ar? Ethylbenzene Li21 1-Nonadecene

Ar3 p—Xylene Li22 Heptadecane

Ar4 Styrene Li23 1-Dodecanol

Arb o-xylene Li24 1-Nonadecene
Ar6 Benzene, 1-ethyl-3-methyl Li25 Heptadecane

Ar7 Benzene, 1,2,4-trimethyl Li26 1-Nonadecene
Ar8 Indene Li27 Heptadecane

Ar9 Benzene, 1-butynyl Li28 Hexadecanenitrile
Arl0 Napthalene Li29 1-Eicosene

Arll 1H-Inden-1-one, 2,3-dihydro- Li30 Eicosane

Arl2 Indole Li31l 10-Heneicosene
Arl3 Naphthalene, x-methyl Li32 Heptadecane
Arl4 Naphthalene, x—methyl Li33 Octadecanenitrile
Arlb 1H-Indole, 4-methyl Li34 1-Docosene

Phl Phenol Li35 Docosane

Ph2 Phenol, 2-methyl Li36 Heptadecanenitrile
Ph3 Phenol, 3-methyl Li37 1-Tricosene

Ph4 Phenol, 2,5-dimethyl Li38 Tricosane

Ph5 phenol, 4-ethyl Li39 n-Tetracosanol
Lil 1-Octene Li40 Tetracosane

Li2 Octane Lidl Tetracosane

Li3 2,4-Dimethyl-1-heptene Li42 Eicosanenitrile
Li4 1-Nonene Li43 9-Hexacosene
Li5 Nonane Lid4 Hexacosane

Udl - 7 7 unidentified compounds

TAANRE BT AR sparse PCAZ Y (Fig. 8), PC13 PC27F A doly W
6 P Agstn Ak FLFES 4% 2AbEdel Eo ey
SF$} SCF #7119 3} 5L A AoluA] &%k ort, SF9F SCF+= ©49 5%
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HEZ {. Py-GC/MS Z3 Hz2lZ < s python code

import 0s, sys, glob, string

def file_list(datafolder): # make a list of text file name
os.chdir(datafolder)

file_list = glob.glob(’*.txt’)
print \n Total '+str(len(file_list))+’ files exist!!’

os.chdir(os.pardir)
return file_list

def extract_data(datafolder, extract_data_folder, filenamelist): #extract CAS number,
name, RT, amount data & remove data which are peak before three minutes
print "\n <start extract data function>"

result_report = open(’extract_data_result_report.txt’, 'w')
result_report.write(' file_name\ttotal_data\tleft_data\tremove_data’)

total_count_list = []
total_amount_list =[]
phenol_list = []

for file in filenamelist:
os.chdir(datafolder)

n.o.n

fp = open (file, "r")
os.chdir(os.pardir)

if not os.path.exists(extract_data_folder):
os.makedirs(extract_data_folder)
os.chdir(extract_data_folder)

fpx = open(file, "w")

total_count = -1
total_amount = 0
net_count = 0
lamp = 1
phenol_check = 0
furfural = 0
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for line in fp:
line_split = string.split(line, "\t')
remove_per_1 = string.split(line_split[9], '%")
remove_per_2 = string.split(line_splitl6], '%")
model_ion = string.split(line_split[7],” )

if line_split[1] == "108952" and phenol_check == 0:
if float(line_splitl3]) >= 4:
phenol_list.append(line_split[3])
phenol_check = 1
print file+” phenol check okay”

if line_split[1] == "98011":
furfural = float(line_split[3])

if lamp == O:
if float(line_splitl3]) > 3:
if  float(remove_per_2[0]) >= 50 and
float(line_split[22]) >=60 and
float(line_split[24]) >= 60:
if  float(line_split[22]) < 80 and
float(line_split[24]) < &0:

f p x . w r 1 t e
(M\nunknown\t"+line_split[2][1:]+
"\t"+line_split[3]+"\t"+remove_per
_1[0]+"\t"+remove_per_2[0]+"\t"+
line_split[22]+"\t" +line_split[24]+"
\t”"+model_ion[0]+"\t"+"?
"+line_split[1])

net_count = net_count + 1

total_amount = total_amount +

float(remove_per_1[0])

else!

f p x . w r 1 t e

("\n"+line_split[1]+"\t"+line_split

[21[1:1+"\t"+line_split[3]+"\t"+re

move_per_1[0]+"\t"+remove_per

_2[01+"\t"+line_split[22]+"\t"+lin

e_split[24]+"\t"+model_ion[0])

net_count = net_count + 1

total_amount = total_amount +

float(remove_per_1[0])

else:
if float(remove_per_1[0]) >= 0.05:
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else:

lamp = 0

f

f p x . w r i t e
("\nunknown\t” +line_split[2][1:]
+"\t"+line_split[3]+"\t"+remove_
per_1[0]+"\t"+remove_per_2[0]+"
\t"+line_split[22]+"\t"+line_split[
241+"\t"+model_ion[0]+"\t"+"??
"+line_split[1])

net_count = net_count + 1
total_amount = total_amount +
float(remove_per_1[0])

W r i t e

(Iine_split[1]+"\t"+line_split[2]+"\t"+line_split[3]+"\t"+lin
e_split[9]+"\t"+line_split[6]+"\t" +line_split[22]+"\t"+line_
split[24]+"\t" +line_split[7])

total_count

if phenol_check ==
print file+”
if furfural '= 0:

= total_count + 1

is not phenol”

phenol = furfural + 1.48

else:

phenol = 5.374
phenol_list.append(phenol)

print phenol_list

total_count_list.append(net_count)

total_amount_list.append(round(total_amount,4))

remove_count = total_count - net_count

os.chdir(os.pardir)

result_report.write("\n’ +file+"\t’ +str(total_count)+'\t’ +str(net_count)+"\t' +str(remove_co

unt))

fp.close()
fpx.close()
result_report.close()

print "\n"+” <finish extract_data function>"

return total_count_list, total_amount_list, phenol_list



def RT_transform(extract_data_folder, RT_transform, filenamelist, data_number,
phenol_RT_list):
print "\n <start RT_tranform function>\n"

file_count = -1

for file in filenamelist:
os.chdir(extract_data_folder)

fpl = open(file, 'r’)
file_count = file_count + 1

os.chdir(os.pardir)

if not os.path.exists(RT_transform):
os.makedirs(RT_transform)
os.chdir(RT_transform)

fpx = open(file, 'w’)

lamp = 1
count = 0

for line in fpl:
line_split = string.splitline.rstrip(), "\t")

if lamp ==
fpx.write("\n")

for split_number in range(0, len(line_split)):

if split_number == 0:
fpx.write(line_split[split_number])

elif split_number != 7:
fpx.write("\t”" +line_splitlsplit_number])

else!
RI = float(line_split[2]) -
float(phenol_RT _listl[file_count])

fpx.write("\t"+line_split[split_number]+"\t"+str(RI))
count = count + 1
else:
lamp = 0
fpx.write(line.rstrip()+"\t"+"RT-Phenol_RT")

os.chdir(os.pardir)
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if count == data_numberl[file_count]:
print file+’ is okay’, data_number[file_count]
else:
print file+’ is wrong’, count, data_numberlfile_count]

fpl.close()
fpx.close()
print "\n <finish RT_transform fuction>"

def sub_sum(transformdir, sub_sum_folder, filenamelist, file_data_number):
print "\n <start sub_sum function>"

file_count = -1
data_amount_list = []

for file in filenamelist:
os.chdir(transformdir)

fp = open(file, 'r’)
file_count = file_count + 1

os.chdir(os.pardir)

if not os.path.exists(sub_sum_folder):
os.makedirs(sub_sum_folder)
os.chdir(sub_sum_folder)

fpx = open(file, 'w’)

switch = 0

lamp = 0
data_amount = 0
same_RT list = []
same_RT_check = 0
same_RT_dict = {}
write_index = []

for line in fp:

if switch == 0:
fpx.write(line)
switch = 1

elif switch == 1:
temp_line = line
lamp = 1
switch = 2
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else:

temp_line = line

if lamp == 1:
input_line = temp_line

lamp = 2

elif lamp == 2:
input_row_split = string.split(input_line, "\t’)
temp_row_split = string.split(temp_line, "\t’)

same_RT_dict[same_RT_list_splitl0]].append([x,

len(same_RT_list_split)])

RT_different

float(temp_row_split[2]) - float(input_row_split[2])

if RT_different

<= 0.1

same_RT_list.append(input_line)
input_line = temp_line
same_RT_check = 1

else:

if same_RT _check == O:

else:
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fpx.write(input_line)

data_amount = data_amount
round(float(input_row_split[3]),4)
input_line = temp_line

unknown_check = 0
unknown_check_1 = 0
same_RT_list.append(input_line)
input_line = temp_line

for x in range(0, len(same_RT_list)):

same_RT_list_split

string.split(same_RT_listlx],

H\t”)

if  same RT_list_split[0]
"unknown”":

same_RT_list_split[0]

same_RT_list_split[9][3:

].rstrip()

if same_RT_list_split[0]
same_RT_dict.keys():

else:

n

round(float(same_RT_list_split[3]),4),



same_RT_dict[same_RT_list_split[0]] = [[x, round(float(same_RT_list_split[3]),4),
len(same_RT_list_split)]]

for value in same_RT_dict.values():
write_line_value = 0
if len(value) != 1:
for x in  range(0,
len(value)):
1 f
write_line_value
< valuelx][1]:

write_line_number = value[x][0]
write_line_value = value[x][1]

if valuel[x][2]
== 0O

unknown_check_1 = 1

write_index.append(write_line_ number)

if unknown_check 1 ==
0:
unknown_check

else:
if valuelOl[2] '= 10:

write_index.append(valuel0][0])

for a in range(0, len(write_index)1):
for b in range(a, -1, —1):
if  write_index[b+1] <
write_index[b]:
temp_index =
write_index[b]
write_index[b] =
write_index[b+1]
write_index[b+1]
= temp_index
else:
break
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if  len(write_index) and
unknown_check != 1:
temp_value = 0O
for value in
same_RT_dict.values():
if temp_value <
value[O][1]:
temp_value =
valuel[O][1]
for value in
same_RT_dict.values():
if temp_value ==
valuelO][1]:
i f
len(write_index)
== ()

write_index.append(value[0][0])

for x in write_index:
fpx.write(same_RT_list[x])
RT_list_split =
string.split(same_RT_list[x],
\t")
data_amount = data_amount +
round(float(RT_list_split[3]),4)

same_RT_check = 0
same_RT _list = []
same_RT _dict = {}
write_index = []

if same_RT_check == 0:
fpx.write(input_line)
input_row_split = string.split(input_line, "\t’)
data_amount = data_amount +
round(float(input_row_split[3]),4)
else:
unknown_check = 0
unknown_check_1 = 0
same_RT_list.append(input_line)

for x in range(0, len(same_RT_list)):
same_RT_list_split = string.split(same_RT_list[x], "\t")
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if same_RT_list_split[0] == "unknown”:
same_RT_list_split[0] =
same_RT_list_split[9][3:].rstrip()

if same_RT _list_split[0] in same_RT_dictkeys():
same_RT_dict[same_RT_list_split[0]].append([x,
round(float(same_RT_list_split[3]),4), len(same_RT_list_split)])
else:
same_RT_dict[same_RT_list_split[0]] = [[x,
round(float(same_RT_list_splitl3]),4),
len(same_RT_list_split)]]

for value in same_RT_dict.values():
write_line_value = 0

if len(value) != 1:
for x in range(0, len(value)):
if write_line_value < valuelx][1]:
write_line_number = valuelx][0]

write_line_value = valuel[x][1]
if valuelx][2] == O:
unknown_check_ 1 =1

write_index.append(write_line_number)

if unknown_check_1 ==
unknown_check = 1
else:
if valuelO][2] != 10:
write_index.append(value[0][0])

for a in range(0, len(write_index) 1):
for b in range(a, -1, ~1):

if write_index[b+1] < write_index[b]:
temp_index = write_index[b]
write_index[b] = write_index[b+1]
write_index[b+1] = temp_index

else!
break

if len(write_index) == 0 and unknown_check != 1:
temp_value = 0
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for value in same_RT_dict.values():
if temp_value < value[0][1]:
temp_value = value[0][1]
for value in same_RT_dict.values():
if temp_value == valuelO][1]:
if len(write_index) == 0:
write_index.append(value[0][0])

for x in write_index:
fpx.write(same_RT_list[x])
RT_list_split = string.split(same_RT_list[x], "\t")
data_amount = data_amount
round(float(RT_list_split[3]),4)

data_amount = round(data_amount,4)
data_amount_list.append(data_amount)

os.chdir(os.pardir)

fp.close()
fpx.close()

print "\n <finish sub_sum function>"
return data_amount_list

def make_cas_list(sub_sum_folder, filenamelist):
print "\n <start mas_CAS_list function>"

cas_dict = dict()
file_count = -1

total_data_number = 0O

for file in filenamelist:
file_count = file_count + 1

os.chdir(sub_sum_folder)
fp = open (file, "r")
os.chdir(os.pardir)

file_data_number = 0O
remove_data_number = 0

lamp = 0
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for line in fp:
line_split = string.split(line, "\t’)

if lamp == O:
lamp = 1
else:
file_data_number = file_data_number + 1

if line_split[0] in cas_dict.keys():
if line_split[8].rstrip() in cas_dict[line_split[0]]:
remove_data_number =
remove_data_number + 1
else!

cas_dictlline_split[0]].append(line_split[&].rstrip())
else:
cas_dict[line_split[0]] = [line_split[8].rstrip()]

total_data_number = total_data_number + (file_data_number -
remove_data_number)

print "\n total : "+str(total_data_number)+"'s data in CAS list”
print "\n <finish mas_CAS_list function>"

return cas_dict

def sort_cas_dict(cas_dict):
print "\n <start sort_CAS_dict function>"

for key, value in cas_dict.items():
if len(value) != 1:
for x in range(0,len(value)1):
for y in range(x,-1,-1):
if value[y+1] < valuely]:
temp = valuely]
valuely] = valuely+1]
valuely+1] = temp
else:
break

total_count = 0

for key, value in cas_dict.items():
sub_count = 0
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if len(value) != 1:
total_count = total_count + len(value)

else:
total_count = total_count + 1

print "\n total : "+str(total_count)+”’s data in CAS list after sorting”
print "\n <finish sort_CAS_list function>"

return cas_dict

def array_cas_list(sort_cas_dict):
print "\n <start array_cas_list function>"

fpx = open('report_array_cas_list.txt’, 'w’)

total_count = 0
remove_count =
cas_list = []
RT list = []

0

for key, value in sort_cas_dict.items():
sub_sum = 0
sub_sum_count = 0
sub_value_list = []

if len(value) '= 1:
for x in range(0,len(value) 1):
first_data = float(value[x])
second_data = float(value[x+1])

if abs(second_data—first_data) <= 0.2:
sub_sum = sub_sum + first_data
sub_sum_count = sub_sum_count + 1
sub_value_list.append(first_data)

else:
if sub_sum_count ==
fpx.write(key+' \t'+str(first_data)+"\tis
average of these’+'\t1\t'+'data
<'+str(first_data)+'>'+"\n")

cas_list.append(key)
RT_list.append(first_data)

total_count = total count + 1

else:
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sub_sum = sub_sum + first_data
sub_sum_count = sub_sum_count + 1
sub_value_list.append(first_data)

new_value = sub_sum /
float(sub_sum_count)
fpx.write(key + '
At'+str(new_value)+'\tis average of
these\t’ +str(sub_sum_count)+’\tdata
<)

a=1

for each_value in sub_value_list:

if a != len(sub_value_list):

fpx.write(str(each_value)+’, ')

a=a+1
else:
fpx.write(str(each_value)+'>'+"\n")
total_count = total_count +
sub_sum_count
remove_count = remove_count +

sub_sum_count - 1
cas_list.append(key)
RT_list.append(new_value)

sub_sum = 0
sub_sum_count = 0
sub_value_list = []

if abs(second_data first_data) <= 0.2:
sub_sum = sub_sum + second_data
sub_sum_count = sub_sum_count + 1
sub_value_list.append(second_data)

new_value = sub_sum / float(sub_sum_count)

fpx.write(key+’ \t'+str(new_value)+'\tis average of
these\t’ +str(sub_sum_count)+"\tdata <)

a=1

for each_value in sub_value_list:
if a != len(sub_value_list):
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fpx.write(str(each_value)+’, ")
a=a+1

else:
fpx.write(str(each_value)+'>'+"\n")

total_count = total_count + sub_sum_count
remove_count = remove_count + sub_sum_count — 1
cas_list.append(key)

RT_list.append(new_value)

sub_sum = 0
sub_sum_count = 0
sub_value_list = []
else:
fpx.write(key+’ \t'+str(second_data)+'\tis average of
these’+"\tI\t'+'data <’+str(second_data)+'>"+"\n")

total_count = total_count + 1
cas_list.append(key)
RT_list.append(second_data)
else:
fpox.write(key+’ \t” +value[0]+"\tis average of
these’ +"\t1\t'+'data <'+valuel0]+'>'+"\n")

total_count = total count + 1
cas_list.append(key)
RT_list.append(value[0])

fpx.close()

print "\n number of total data : ’+str(total_count)+’, number of remove data
"+str(remove_count)+’, number of final data : '+str(total_count -

remove_count)

print ™\n <finish array_cas_list function>"

return cas_list, RT_list

def array_all_data(sub_sum_folder, cas_list, RT_list, filenamelist, filedata_amount):
print "\n <start array_all_data function>"

fpx = open ("PCA_analysis_data.txt”, 'w’)

for cas_data in cas_list:
fpx.write("\t' +cas_data)

fpx.write('\n’)

_60_



for RT_data in RT_list:
fpox.write('\t’ +str(RT_data))

fpx.write("\n")
file_count = -1

if len(cas_list) == len(RT_list):
for count in range(l, len(cas_list)+1):
fpx.write("\t’ +str(count))

for file in filenamelist:
os.chdir(sub_sum_folder)

fp = open(file, 'r’)
file_count = file_count + 1

os.chdir(os.pardir)

data_amount = 0
data_count = 0
array_all_data = []
Jlamp = 0

for x in range(0, len(cas_list)):
array_all_data.append(”0”)

for line in fp:
if lamp == O:
lamp = 1
else:
line_split = string.split(line.rstrip(), "\t")

first_cas_index = cas_list.index(line_split[0])

same_cas_index_number = 1
find_location = []

if first_cas_index != len(cas_list)-1:
for X in range(first_cas_index,
len(cas_list)):
if cas_listlx] == cas_list[x+1]:
same_cas_index_number
= same_cas_index_number + 1
else:
break
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if same_cas_index_number ==
array_all_datalfirst_cas_index] =
round(float(line_split[3]),4)
data_count = data_count + 1
data_amount = data_amount +
float(line_split[3])
else!
for X in range(0,
same_cas_index_number):
find_location_number =
abs(float(line_split[8]) -
round(float(RT_listlfirst_cas_ind
ex+x]),4))

find_location.append(round(find_location_number,4))

location = first_cas_index +
find_location.index(min(find_location))

array_all_datallocation] =
round(float(line_split[3]), 4)

data_amount = data_amount +
float(line_split[3])
data_count = data_count + 1

if filedata_amountlfile_count] == round(data_amount,4):
print filet+” is okay”

fpx.write("\n' +file)

for array_data in array_all_data:
fpx.write('\t' +str(array_data))
else:
print filedata_amountlfile_count], round(data_amount,4)
else:
print "/n Check array_cas_list function”

fpx.close()
print "\n <finish array_all_data function>"

rowdir = "\\"+sys.argv[1]
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extractdir = os.getcwd()+"\\extract_data’
transformdir = os.getcwd()+"\\RT_transform’
subsumdir = os.getcwd()+'\\subsum_data’

filename_list = file_list(rowdir)

each_data_number, each_data_amount, phenol RT list =  extract_data(rowdir,
extractdir, filename_list)

RT_transform(extractdir, transformdir, filename_list, each_data_number,
phenol_RT_list)

each_data_amount_list = sub_sum(transformdir, subsumdir, filename_list,

each_data_number)

cas_dict = make_cas_list(subsumdir, filename_list)

sort_cas_dict = sort_cas_dict(cas_dict)

cas_list, RT_list = array_cas_list(sort_cas_dict)

array_all_data(subsumdir, cas_list, RT_list, filename_list, each_data_amount_list)
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55 2. Py-GC/MS &4 Z3} (2%, relative abundance)

FLF FLF FLF FLF FLF FLF FLF FLF FLF SF SF SF SF SF SF SF SF SF SCF  SCF  SCF SCEF  SCF  SCEF SCF - SCEF - SCF
303 301 191 103 62 47 20 312 305 303 301 191 103 62 47 20 312 305 303 301 191 103 62 47 20 312 305

Zone 1
Arl 0 0 0.87 1.06 0.35 0 0.62 0.82 0.51 0 0 0 6.32 0 7.03 0 2.56 3.16 0 0 0 0 0 0 3.04 233 2.32
FA1l 0 0 0.57 0.59 0.27 0 0.62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
FA2 0 0 0.96 1.04 0.20 0 2.03 1.49 1.06 0 3.80 0 0 0 0 0.48 0.81 0.66 0 0 0 0 0 0 1.12 0.71 1.63
FA3 9.17 0 0 0 0 0 0 0 0 0 0 0 0.44 0 0 2.17 0 0 0 0 0 0 16.90 0 0 0 0
FA4 0 6.27 6.57 341 2.78 0.82 4.71 1.07 0.87 0 0 0 3.14 0 1.54 4.14 2.49 3.96 0 0 0 0 0 0 10.81 3.60 1.79
FA5 0 0 1.58 1.50 0 0 1.67 1.40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.26 0 0
Lgl 0 0 0.65 0.71 0 0.27 0.43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lg2 0 0 0 0 0.29 0.19 0.20 0.95 0.53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lg3 0 0 0.62 0.54 0.84 0.23 0.22 1.08 0.80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Lil 0 0 0 0 0 0 0 0 0 0 0.82 1.33 0.42 0 0.31 0 0 0.31 0 0 0 3.06 0 1.96 0 0.26 0.20
Li2 0 0 0.61 0.64 0.49 0 0 0 0.34 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.91 0 0
Li3 0 0 1.72  1.73 0.44 0 1.70 1.08 1.24 0 0 0 1410 0 13.13 0 2.90 8.92 0 0 0 3.62 10.34 7.04 4.16 4.63 10.05
Li4 0 0 0.35 0.51 0.66 0.45 0 0.54 0.87 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Li5 0 0 0 0 0 0 0 0 0 0 0 0.89 0 0 0 12,52 1.02 0.54 0 0 0 0 0 0 0 0.74 0.85
Li6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.65 0.78 0 0 0 0 0 0 0 0.37 1.13

Li7 0 0 0 0 0 0 0 0 0 0 0 0.52 0 0 0 12.25 1.77 1.02 0 0 0 0 0 0 0.80 1.96 2.19
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FLF FLF FLF FLF FLF FLF FLF FLF FLF SF SF SF SF SF SF SF SF SF SCF
303 301 191 103 62 47 20 312 305 303 301 191 103 62 47 20 312 305 303

Li8 0 0 3.21 3.66 8.54 0 0 0 7.92 0 0 0 0.38 0 0.56 8.14 4.13 2.67 0

Li9 0 0 0 0 0 1.44 0.75 0 0 0 0 0 0 0 0 0 0 0 0

Lil0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.29 245 1.06 0

N1 0 0 0.83 0.81 0.38 0.44 0.74 3.03 1.22 0 0 0 0.69 0 0.92 0 0.88 0.84 0

N2 0 5.07 247 279 0.90 0.72 2.20 1.52 0.88 0 0 0 0 0 0 0 0 0 0

N3 0 0 0 0 0 0 0 0 0 0 0 0 0.38 0 0.36 0 1.08 0 0

Psl 0 0 1.48 1.47 0.54 0 0.69 0 0.37 0 2.23 0 0.34 0 0.62 0 0 0.68 0

Ps2 0 9.73 4.43 5.14 239 4.01 593 3.07 2.76 0 0 9.34 0.41 0 5.32 0 0 4.69 0

Ps3 0 0 2.43 241 0.95 0 4.51 0.47 0.80 0 0 0 0 0 1.10 0 0 0 0

Ps4 0 2.59 2.68 2.85 0.90 0.77 0.63 0.87 0.54 0 2.87 0 0.75 0 0.84 0 0 0.61 0

Psb 0 7.80 7.20 7.20 2.79 2,58 3.04 3.11 2.08 0 60.76 39.34 11.72 0 15.64 4.54 8.93 8.23 0

Ps6 0 0 0 0 0 0 0 0 0 0 2.54 1.39 0.78 0 1.12 0 0 0 0

Ps7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.31 0 0.59 0.44 0

Ps8 0 0 2.19 2.85 0.68 0.29 1.15 0.96 0.39 0 8.44 252 4.18 0 6.16 1.20 4.12 2.85 0

Ps9 0 0 2.24 231 140 1.03 3.99 149 1.28 0 0 0 0 0 0 0 0 0 0

Ps10 0 4.05 6.22 6.48 1.36 0.88 1.14 1.15 0.78 0 0 0 0 0 0 0 0 0 0

Psl1 0 0 0 0.71 0 0 0 0 0 0 0 0 0.61 0 0.25 0 0.64 0 0

Ps12 0 0 0 0 0 0 0 0 0 0 0 0 5.46 0 4.63 0 2.24 251 0

Ps13 0 3.25 3.42 3.13 1.06 0 3.57 143 1.15 0 2.60 0 2029 0 21.75 0.53 11.41 13.47 O

Ps14 0 0 1.03 1.50 0.29 0 2.13 0 0.51 0 0 0 6.33 0 3.10 0 1.32 1.73 0
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FLF FLF FLF FLF FLF FLF FLF FLF FLF SF SF SF SF SF SF SF SF SF SCF
303 301 191 103 62 47 20 312 305 303 301 191 103 62 47 20 312 305 303

U1l 0 0 1.52 1.80 0.43 0 0.91 0.58 0.55 0 0 0 0 0 0 0 0 0 0

Uz 82,51 0 0 0 0 0 0 0 0 34.34 1.11 1.61 0 5241 O 0 0 0 0

U3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.46 0.27 0

U4 0 0 0 0 0 0 0 0 0 0 0 0 1.31 0 1.54 0 0.63 0.94 0

U5 0 0 1.73 1.64 0.70 0 3.97 1.14 0.83 0 0 0 0 0 0 0 0 0 0

U6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.67 0.41 0

u7 0 0 1.18 1.19 0.40 0 1.10 0 0.31 0 0 0 1.98 0 2.36 0 0 0.80 0

U8 0 0 0.32 0 0.48 0 0.27 0 0.42 0 0 0 0 0 0 0 0 0 0

U9 0 0 4.13 4.52 0.61 0 1.09 1.24 0.64 0 0 0 5.74 0 3.85 0 3.25 2.00 0

U10 0 0 0.90 0.78 0.99 0.54 2.23 086 0.77 0 0 0 0 0 0 0 0 0 0

Ul1l 0 0 0 0 0 0 0 0 0 2233 0.97 4.10 0.31 21.90 O 0 0 0.41 0

U12 0 0 0.36 0.40 0 0 0.29 0 0 0 0 0 0.71 0 0.70 0 0 0 0

U13 0 0 0 0 0 0 0 0 0 0 0 0 1.64 0 0.82 0 0.75 0.27 0

Ul4 0 0 0.72 0 1.41 0 0.83 2.20 1.77 0 0 0 0 0 0 0 0 0 0

U15 0 0 1.04 1.33 2.48 0 1.04 1.10 0.66 0 0 0 0 0 0 0 0 0 0

Ul16 0 0 1.69 1.62 0.44 0 1.06  0.89 0.52 0 0 0 0 0 0 0 0 0 0

u17 0 0 0 0 0 0 0 0 0 0 0 0 0.49 0 0.89 0 1.00 0.29 0

U18 0 2.57 1.60 1.62 0.51 0.60 1.30 0.66 0.46 0 1.31 2.00 0 0 0 0 0 0.39 0

U19 0 0 0.46 0.28 0 0 1.59 0.52 0.44 0 0 0 0.77 0 0.69 0 0 0 0

U220 0 0 0 0 0 0 0 0 0 0 2.16 6.66 0.41 0 0 0 0 0.34 14.11
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FLF FLF FLF FLF FLF FLF FLF FLF FLF SF SF SF SF SF SF SF SF SF SCF

303 301 191 103 62 47 20 312 305 303 301 191 103 62 47 20 312 305 303
v21 0 0 0 0 0 0 2.87 0 0 0 0 5.01 0.35 0 0 0 0 0.33 24.16
U222 0 0 0 0 0 0 0 0 0 0 1.96 0 0.80 0 0.51 0.76 0.48 0.67 0
uz3 0 0 0 0 0 0 0 0 0 0 3.24 5.84 0.30 0 0 0 0 0.39 19.01
Uz4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.26 0 0 0.33 0
U225 0 0 0 0 0 0 0 0 0 0 0 3.67 0 0 0 0 0 0 13.40
u26 0 0 0 0 0 0 0 0 0 0 0.76  2.68 0 0 0 0 0 0 13.34
ua7 0 0 0 0 0.39 0 0 0 0.33 0 0 1.76 0 0 0 0 0 0 8.76
U228 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.78 1.02 0
U229 0 0 21.98 21.27 48.89 76.19 28.43 37.92 45.36 0 0 0 2.39 0 1.56 1.16 14.41 17.68 O
U30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3.44 4.08 0
U3l 0 5867 0 1.03 2.28 0 0 1.88 2.60 0 0 0 0 0 0 0 0 0 0
us32 0 0 0.84 0 0 0 0 0 0 0 0 0 0.53 0 0.32 0 1.40 0.87 0
U33 0 0 0 0 0 0 0 5.91 1.04 0 0 0 0 0 0 0 4.84 447 0
Us4 0 0 0 0 0 0 0 0 0 0 0 0 0.53 0 0.38 0 0.58 0.30 0
U35 0 0 0 0.51 0 0 0 1.08 0 0 0 0 0 0 0 0 0.66 0.25 0
u36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.15 0.36 0
uar 0 0 1.81 1.43 7.37 8.55 0 9.10 11.48 0 0 0 0 0 0 0 0 0 0

Zone 2

Arl 0 19.54 17.04 19.02 11.49 41.60 27.94 10.54 7.39 28.31 37.44 21.01 15.44 38.61 13.06 11.93 6.39 13.39 20.84
Ar2 0 1.76 1.53 1.64 0.74 0 5.47 0.78 0.62 0 2.58 1.46 1.34 0 1.22 0.98 1.63 1.24 0
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FLF FLF FLF FLF FLF FLF FLF FLF FLF SF SF SF SF SF SF SF SF SF SCF
303 301 191 103 62 47 20 312 305 303 301 191 103 62 47 20 312 305 303

Ar3 0 3.59 3.87 4.15 2.36 6.63 2.01 1.94 1.79 0 5.55 3.66 1.94 0 2.07 1.62 278 249 4.78

Ar4 0 2.46 3.89 243 1.68 2.03 0 1.45 1.09 0 6.61 4.22 2.00 0 1.98 2.45 1.61 1.60 15.05

Arb 0 1.70 1.13 1.16 0.80 0 0 0.62 0.54 0 3.58 2.64 0.86 0 0.61 0.79 0.80 0.86 0

Ar6 0 1.81 0.83 0.96 0 0 0 0.71 0.63 0 0 0.86 0.64 0 0.83 0 0.72 0.59 0

Ar7 0 0 0.73 0 0 0.90 0.75 0.83 0.71 0 0 0.77 0.63 0 0.70 0.48 0.47 0.59 0

Ar8 0 0 0 0 0 0 0 0 0 0 2.93 1.24 0 0 0 0 0.79 0.63 0

Ar9 0 1.41 0.74 0 0 0 0.60 0.58 0 0 0 1.27 0.74 0 0.48 0.68 0.42 0.44 0

Arl0 0 1.70 1.70 1.76 1.18 0 0 0.78 0.73 0 0 0 0.51 0 0.44 0 0.61 0.48 0

Arll 0 0 0 0 0 0 0 0 0 0 0 1.31 0.45 0 0.46 0.51 0 0 0

Arl2 0 1.22 1.16 1.21 0.87 0 1.46 1.25 0.77 0 0 0 0 0 0 0 0 0 0

Arl3 0 1.28 1.54 1.,52 1.11 2.12 1.02 0.74 0.71 0 0 0 0.42 0 0.53 0 0.66 0.58 0

Arl4 0 0 0.91 0.93 0.69 0.88 0.85 0 0 0 0 0 0 0 0.29 0 0.35 0.31 0

Arl5 0 0 0.88 0.91 0.72 0.86 1.32 1.05 0.49 0 0 0 0 0 0 0 0.38 0 0

FA1 0 3.18 0 0 0.74 0 0 0 0.64 0 0 0 3.83 0 4.36 0.75 2.34 5.19 0

Lil 0 0 0.83 1.76 1.63 0 0 0.90 0.97 0 2.79 1.50 1.35 0 1.26 1.78 0.88 1.15 0

Li2 0 0 0.99 1.36 1.12 0 0 0.61 0.72 0 0 1.47 0.96 0 0.92 0.63 0.95 1.12 0

Li3 0 0 0 0 0 0 0 0 0 0 0 7.03 0 0 0 0.92 0 0 2273

Li4 0 0 0 1.16 1.22 0 0 0.80 0.77 0 2.05 2.09 1.55 0 0.96 1.21 0.84 1.29 0

Li5 0 0 0.91 1.08 0.70 0 0 0 0.61 0 0 0 1.00 0 0.78 0.51 0.82 0.81 0

Li6 0 0 0 0 0 0 0 0 0.39 0 0 0 0 0 0.43 0 0.86 0.76 0
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FLF FLF FLF FLF FLF FLF FLF FLF FLF SF SF SF SF SF SF SF SF SF SCF
303 301 191 103 62 47 20 312 305 303 301 191 103 62 47 20 312 305 303

Li7 0 1.32 1.07 1.01 0.91 0 0 0.62 0.57 0 2.60 1.94 1.36 0 0.92 1.76 1.05 1.22 0

Li8 0 1.01 0.85 0.96 0.55 0 0 0 1.09 0 0 0 0.73 0 0.56 0.36 0.67 0.56 0

Li9 0 0 1.19 1.24 0.75 0 0 0.58 0.57 0 2.97 1.57 1.47 0 1.03 1.72 0.99 0.81 0

Lil0 0 0 0.83 0.88 0.54 0 0.66 0.70 0.66 0 0 0 0.70 0 0.55 0 0.71 0.62 0

Lill 0 0 0.95 0.94 0.67 0 0.71 0.61 0.65 0 0 1.41 1.08 0 0.75 1.16 0.98 0.88 0

Lil2 0 1.00 0.84 0.93 0 0 0 0 0 0 0 0 0.59 0 0.58 0.34 0.66 0.68 0

Lil3 0 0 0.96 0.96 0.65 0 0 0 0.50 0 3.30 1.86 1.73 0 1.23 2.01 1.15 1.31 0

Lil4 0 0 0.82  0.80 0 0 0.67 0 0.38 0 0 0 0.80 0 0.55 0.33 0.65 0.57 0

Lil5 0 1.04 0.78 0.92 0.66 0 0 0.67 0.74 0 2.26  1.75 0.50 0 1.07 1.46 0.87 0.50 0

Lil6 0 1.12 0.80 0.81 0 0 0 0 0.38 0 0 0 0.83 0 0.54 0.52 0.58 0.66 0

Lil7 0 0 1.03 0.99 0.60 0 0 0.74 0.98 0 0 1.01 1.21 0 0.85 0.34 0 0.70 0

Lil8 0 1.36 0.85 0.90 0.54 0 0.99 0.61 0.49 0 2.34 1.65 1.05 0 0.91 0.92 0.79 0.99 0

Lil9 0 0 0.60 0 0 0 0 0 0 0 0 0 1.05 0 0.77 0.99 0.60 0.87 0

Li20 0 0 0.66 0.71 0 0 0 0 0.46 0 0 0 0.51 0 0.58 0 0.52 0.57 0

Li21 0 0 0.52 0 0 0 0 0 0.43 0 0 1.15 0.95 0 0.67 0.62 0.51 0.75 0

Li22 0 0 0.57 0 0 0 0 0 0.43 0 0 0 0.58 0 0.72 0 0 0.43 0

Li23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.37 0 0.72 0.82 0

Li24 0 0 0.96 0 0 0 0 0 0 0 0 0 0.61 0 1.02 0.56 0.77 0.79 0

Li25 0 0 0.49 0.86 0.50 0 0 0 0.41 0 0 0 0.55 0 0.38 0 0.43 0.60 0

Li26 0 0 0 0 0 0 0 0 0 0 0 0 0.92 0 0.63 0.51 0.66 0.54 0
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FLF FLF FLF FLF FLF FLF FLF FLF FLF SF SF SF SF SF SF SF SF SF SCF
303 301 191 103 62 47 20 312 305 303 301 191 103 62 47 20 312 305 303

Li27 0 0 0 0 0 0 0 0 0 0 0 0 0.71 0 0.51 0 0.62 0.60 0

Li28 0 0 0 0 0 0 0 0 0 0 0 3.69 0.70 0 1.12 3.20 0.75 1.22 0

Li29 0 1.27 1.25 0 0.68 0 0 0 1.24 0 0 0 0.58 0 0.60 0.50 0.87 0.83 0

Li30 0 0 0.57 0 0 0 0 0 0 0 0 0 0.71 0 0.47 0.62 0.51 0.58 0

Li31 0 0 0.52 0 0 0 0 0 0.39 0 0 0 0.60 0 0.46 0.36 0.51 0.58 0

Li32 0 0 0.56 0 0 0 0 0 0 0 0 0 0.75 0 0.63 0 0.62 0.52 0

Li33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.79 0.36 0.38 0

Li34 0 0.98 1.53 1.56 5.30 1.08 0.58 1.72 2.15 0 0 0 0.68 0 0.43 0.92 1.03 1.07 0

Li35 0 1.23 0.99 2.04 0 0 0 0 1.09 0 0 0 0.64 0 0.40 0 0.58 0.60 0

Li36 0 0 1.82 1.99 6.55 14.02 1.85 2.17 2.42 0 0 0 0 0 0 0 0.35 0.46 0

Li37 0 0 0 0 0 0 0 0 0 0 0 0 0.66 0 0.38 0.34 0.58 0.65 0

Li38 0 0 0.39 0 0 0 0 0 0.50 0 0 0 0.60 0 0.45 0.70 0.51 0.61 0

Li39 0 0 0.59 0 0.90 0 0 0 0.90 0 0 0 0 0 0.30 0 0.76 0.69 0

Li40 0 0 0.38 0 0 0 0 0 0.61 0 0 0 0 0 0.28 0 1.62 0.67 0

Li41 0 0 0 0 0 0 0 0 0.94 0 0 0 0 0 0 0 0.40 0.50 0

Li42 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.59 0.39 0

Li43 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.52 0.42 0

Li44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.35 0.34 0

N1 0 0 0 0 0 0 0 0 0 0 0 0 0.63 0 0.69 0 0.50 0.87 0

N2 0 0 0 1.13 1.61 0 0 1.85 1.10 0 0 0 1.45 0 1.40 0 2.51 2.23 0
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FLF FLF FLF FLF FLF FLF FLF FLF FLF SF SF SF SF SF SF SF SF SF SCF

303 301 191 103 62 47 20 312 305 303 301 191 103 62 47 20 312 305 303
N3 0 0 0.49 0 0 0 0.66 0.70 0.49 0 0 0 0 0 0 0 1.18 0 0
N4 0 0 0 0.77 0 0 0.68 0.67 0.46 0 0 0 0 0 0 0 0 0.68 0
N5 0 1.15 0.39 0 0 0 0 0 0 0 0 0 0 0 0.30 0.34 2.44 0.35 0
N6 0 0 0.70 0 0 0 0 0.66 0.41 0 0 0 0.88 0 0.73 0 1.07 0.69 0
N7 0 0 0.59 0.76 0 0 0 0 0 0 0 0 0 0 0.58 0.53 0.62 0.39 0
Phl 0 6.78 9.57 9.72 8.04 16.01 13.50 10.48 6.30 0 0 7.29 7.84 0 6.95 5.13 6.83 4.40 0
Ph2 0 2.09 1.89 2.66 1.61 1.83 4.57 2.23 143 0 4.03 3.17 2.33 0 2.62 1.99 279 2.23 0
Ph3 0 5.08 7.25 7.84 6.35 10.22 12.89 6.40 4.37 0 0 3.37 11.79 0 11.48 4.50 7.56 8.72 0
Ph4 0 0 0.96 0.84 0.79 0.77 1.70 0.92 0.55 0 0 1.07 1.64 0 1.82 0.98 1.36 1.17 0
Ph5 0 1.41 1.18 1.95 1.26 0 2.79 1.57 0 0 0 0 2.31 0 2.39 091 1.20 2.72 0
Psl 0 1.63 0.59 1.06 0.89 0 0.79 1.52 1.03 0 2.77 3.71 1.28 0 2.45 25.10 1.79 2.19 0
Ps2 0 0 0.77 1.02 0 0 0.80 0.62 0.41 0 0 2.35 0.92 0 1.21 1.03 0.84 0.78 0
Ps3 0 0 0.50 0 0 0 0 0 0 0 0 0.82 0.62 0 0.44 0 0.54 0.57 0
Ps4 0 0 0.63 0.77 0 0 0 0.86 0.62 0 0 0.81 0.49 0 0.53 0 0.74 0.51 0
Ps5 0 0 0.63 0 0 0 0 0 0 0 0 0 0.81 0 0.87 0 0.59 0.60 0
Ps6 0 0 0.49 0 1.18 0 0 0.95 0.67 0 0 0 0 0 0.28 0 0.33 0 0
Ul 85.18 1.88 0.89 2.42 1.03 0 1.93 0 0.62 0 0 0 0 1257 O 0 0 0 0
U2 0 0 0.60 0.90 0 0 0.60 0.62. 0.48 0 0 0 0 0 0 0 0.58 0.82 0
U3 0 0 0 0 0 0 0 0 0 0 0 0 0.66 0 0.49 0 0.61 0.61 0
U4 0 0 0.55 0 0 0 0 0 0 0 4.56 1.96 0.64 0 0.52 1.04 0.46 0.35 0
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FLF FLF FLF FLF FLF FLF FLF FLF FLF SF SF SF SF SF SF SF SF SF SCF

303 301 191 103 62 47 20 312 305 303 301 191 103 62 47 20 312 305 303
Ub 0 0 0.63 0 1.15 0 0 1.49 1.03 0 0 0 0.75 0 0.74 0.75 1.99 1.21 0
U6 0 0 0 0 1.27 0 0 0 0.65 0 0 0 1.01 0 0.69 0 0.93 0.98 0
u7 0 2442 7.83 8.61 26.63 0 11.19 28.96 35.52 0 0 0 0 0 0 0 1.28 0 0
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