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Anhydrite ( 4. 6%) ; X
Axios PW4400)
Si0,( 68.86%) Al,0,( 10.43%)
MgO ( 1.55%) CaO ( 5.139%) Na,O ( 1.791%)
K,0 ( 2.026%) MnO ( 0.0549%) P,0,
(0.1183%) TiO,(0.512%) LOI(6.23%) -
1.2

( XRF

Fe,0, ( 3.29%)

o o

. ES1.ES2.ES3;
:0S1.0S2.0S3.
1300 g 30%
35 em. 40 cm
30 26 C. 80%
28
1.3
17-18 :
60 o 60 ¢
250 mL o
55 C 5 mL.
1.4 GC-MS
GCMS
1.5 mL
o CaCl, 75 C 1 h
0 250 pL
( BSTFA: =51) 75 C 1.5 ho
Thermo Scientific™ 1SQ
( : TRACE 1300 : 1SQ)
o ( EI) 70 eV
M/Z 30-650 0.4 s o
1 mL/min 1 uLo
TG-5™(30 mx0.25 mmx0.25 pm)
280 C. 60 C
1 min; 10 °C /min 180 C 1 min;
15 °C/min 280 C 15 min,
4 min. NIST11

2.1 GC-MS
ESI.ES2.ES3
3 0S1.0S2.0S3
1 o
NIST 11

GC-MS

1 2,

ES1 41
ES2 37 ES3 40
ESI.ES2.ES3

65 o

0S1 44
0S2 40 0S3 42
0S1.0S2.0S3
69 o

50% o

13.6%~17. 5%
ES1

. Oleanitrile( 23. 46%) .Benze—
nepropanoic acid 3 5-bis( 1 1-dimethylethyl) -4-hy—
droxy— methyl ester ( 9. 62%) . Benzaldehyde 2 5-
dimethyl« 9. 59%) .9-Octadecenoic acid( Z) — methyl
ester( 6. 77%) Methyl stearate( 6.55%) .Phenol 2
4-bis( 1 1-dimethylethyl) { 6. 15%) .

ES2 :
Oleanitrile( 58. 36%) .Benzenepropanoic acid 3 5-bis
( 1 1-dimethylethyl ) 4-hydroxy-
(5.32%) . Methyl stearate ( 4. 11%) . 9-Octadecenoic
acid( Z) — methyl ester( 3. 63%) .Benzaldehyde 2 5-
dimethylH 3. 52%) .Phenol 2 4-bis( 1 1-dimethyle—
thyl) « 2. 75%) .

ES3 .
Oleanitrile ( 27.47%) . 9-Octadecenoic acid ( Z) -
methyl ester( 7. 67%) . Benzaldehyde 2 4-dimethyl-
(7.41%) . Methyl stearate ( 7.35%) . Benzenepro—
panoic acid 3 5-bis( 1 1-dimethylethyl) 4-hydroxy-
methyl ester( 7. 26%) .Phenol 2 4-bis( 1 1-dimethyl-

methyl  ester
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1 ES1.ES2.ES3.0S1.082.0S3
Fig.1 Total ion chromatograms for the exiracts from the soils ESI ES2 ES3 0S1 0S2 and 0S3
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1 ES1.ES2  ES3 GC-MS
Table 1 Organic components identified in the extracts from the soils ES1 ES2 and ES3 by GC-MS

/%

ES1 ES2 ES3

O X NN R W N =

A A bR BE W LW W W W LW LW LW W NN NN NN NN = = e e e e e e e e
W NP = O 0 X NN N N R WD = O 0 0NN R WD = O 0NN Y N R W N = O

1-Dodecanamine N N-dimethyl- C,Hy N 2.17 045  3.05
Hexadecanoic acid methyl ester Cy,H;3,0, 3.88 2.65 4.29

Methyl stearate CyH;0, 6.55 4.11 7.35

9-Octadecenoic acid Z - methyl ester CigH;360, 6.77 3.63 7.67

Phenol 2 2'-methylenebis 6- 1 1-dimethylethyl -4-methyl- CpH;,0, 0.71 0.36 0.52
Tetradecane 2 6 10-trimethyl- C;Hyg 0.34 0.69 0.21

Eicosane 2-methyl- Cy Hyy 4.31 1.30 1.69

Tridecane 2-methyl- C,Hy, 1.25 0.86 1.04

Undecane 2 6-dimethyl- C3Hyg 0.32 0.27 0.34

Undecane 4 7-dimethyl- CsHyg 0.55 0.58 2.03

Silane cyclohexyldimethoxymethyl- CyH,,0,Si 1.65 1.25 1.63

Benzoic acid 3 5-dimethyl- methyl ester G, H,,0, 0.42 0.26 0.41
Dodecane 2 6 11-trimethyl CisHs, 2.90 1.83 4.16

Hexadecane C,oHy, 2,02 051 1.15

Heptadecane 2 6 10 15-tetramethyl- Cy Hyy 0.38 0.42 0.43
Pentadecane CisHs, 0.78 0.71 0.26

Benzenepropanoic acid 3 5-bis 1 1-dimethylethyl -4-hydroxy- methyl ester CigHy 04 9.62 5.32 7.26
Tetratetracontane C 4 Hyg 0.40 0.47 0.58

Phenol 2 4-bis 1 1-dimethylethyl - C,Hy,O0 6.15 2.75 4.77

Pyrido 2 3-b pyrimido 4 5-d thiophen-4 3H -one 3-amino-9-methoxymethyl-2 7-dimethyl- C,;H,N,0,8 0.66 0.37 0.78

Oleanitrile CigHy N 23.46 58.36  27.47
1 4-Dihydrophenacetic acid 3 5-di-t-butyl- ethyl ester CsH;0, 1.39
2-Benzofurancarboxylic acid 2 4 5 6 7 7a-hexahydro-4 4 7a-trimethyl- methyl ester cis- C3H,,05 0.54 0.29
3 N N-dimethylmyristylam monio propanesulfonate CoH, NO,S 1.90
5 8 11 14-Eicosatetraenoic acid phenylmethyl ester all-Z - C,;Hs0, 0.52
7 9-Di-tert-butyl-1-oxaspiro 4 5 deca-6 9-diene-2 8-dione C;H,, 04 0.29
7-Hexadecenal 7 - CsH;,0 1.11
9 12 15-Octadecatrienoic acid 2 3-bis trimethylsilyl oxy propyl ester Z Z Z - C,H,0,8,  0.28
Benzaldehyde 2 5-dimethyl- CyH,,0 9.59 3.52
Benzene 1 3-bis 1-methylpropyl - C 4 Hsy 0.41
Dodecane 2 7 10-trimethyl- CsHy, 0.26 1.78
Edulan II C;H,0 0.77
Hentriacontane Cy, Hg, 2.04
Heptadecane 2 6 10 14-tetramethyl- C, Hy, 0.94 1.37
Nonadecane CioHy 0.54
Nonadecane 2-methyl- CyoHy, 1.36
Octadecane 3-ethyl-5- 2-ethylbutyl - CoeHs, 0.40 0.56
Octadecane 6-methyl- CioHy 0.35 0.35
Pentadecane 2 6 10-trimethyl- CisHyg 0.29 0.26
tert-Hexadecanethiol C,¢H5,S 0.28
Undecane C, Hyy 1.47 1.15
1-Nonadecene CioHyg 0.21

2-methylhexacosane C,,Hyg 0.39 0.47
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44 3-Hexanamine 3-ethyl- CyH N 0.72
45 Benzyl chloride C,H,Cl 031  0.95
46 Decane 3 7-dimethyl- CiaHy 0.41
47 Dodecane 2 6 10-trimethyl- CysHy, 0.67
48 Ficosane 7-hexyl- CyoHs, 0.59
49 Heptacosane Cyr s, 0.56
50 Hexadecane 2 6 10 14-tetramethyl- CyoHy, 0.28
51 Octasiloxane 1 1 33557799 11 11 13 13 15 15-hexadecamethyl- CeHs,0,Sig 0.2
52 Oxalic acid  6-ethyloct-3-yl isohexyl ester €, Hs,0, 0.19
53 Stearyltrimethylammonium chloride €, H,e CIN 0.8
54 Trimethyl 2 6 ditert.-butylphenoxy silane C,,H,,0Si .02 1.33
55 1 3-Dioxolane 4 5-dimethyl-2-phenyl- €, H,,0, 0.97
56 1-Nonadecanamine N N-dimethyl- C, H;sN 2.56
57 2-Isopropyl-5-methyl1 heptanol C, H,,0 0.22
58 2-methyloctacosane CyoHgp 0.6
59 9-ctadecenoic acid 2 2 2-trifluoroethyl ester CyoHysF,0, 0.54
60 Benzaldehyde 2 4-dimethyl- CoH,,0 7.41
61 cis-11-Eicosenoic acid CaHyg 0, 1.84
62 Decane 2 3 5 8-letramethyl- C,uHy 0.26
63 Heptasiloxane hexadecamethyl- €, Has 04 Siy 0.3
64 Hexadecane 2 6 11 15-tetramethyl- CyoHy, 2.16
65 Hexadecanenitrile CeH; N 0.48
ethyl) { 4. 77%) - chloride( 5. 57%) -
0S1
Methyl stearate( 10. 31%) .9-Octadecenoic acid( Z) ;
methyl ester (9. 68%) . Benzenepropanoic acid 3 5- Oleanitrile
bis ( 1 1-dimethylethyl ) 4-hydroxy— methyl ester
(7.78%) . Benzaldehyde 2 4-dimethyl{ 7.34%) . N o
Hexadecanoic acid methyl ester ( 7.32%) . 1-Dode— 2.2
canamine N N-dimethylH{ 5. 85%) .
0S2 3
Oleanitrile( 43. 41%) Methyl stearate( 6. 49%) .9-Oc— 2 o
tadecenoic acid ( Z)  methyl ester ( 6.3%) . ES1
Hexadecanoic acid methyl ester ( 4. 16%) . 1-Dode— ES2 24 ; EST  ES3 26
canamine N N-dimethylH{ 3. 67%) . Benzaldehyde ES2  ES3 24
2 4-dimethyl« 3. 33%) .
0S3 50% o 3
Oleanitrile( 15.09%) .1 3-Difluorobenzene 4-benzy— 21
loxy2-irimethylsilyl{ 10.82%) . 1-Dodecanamine N 50% o
N-dimethyl{ 9.71%) . 1-Undecanamine N N-dimethyl— 3
(7.16%) .9-Octadecenamide ( Z) H 6. 64%) . Benzyl 2 o3
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2 051.0S2  0S3

GC-MS

Table 2 Organic components identified in the soil extracts including 0S1 0S2 and 0S3 by GC-MS

/%

0S1 082 0S3
1 1-Dodecanamine N N-dimethyl- C 4 Hy N 585 3.67 9.71
2 Hexadecanoic acid methyl ester C;H3,0, 7.32 4.16 3.06
3 9-Octadecenoic acid Z - methyl ester CyH3;0, 931 630 5.12
4 Eicosane 2-methyl- Cy Hyy 2.34 1.11 2.17
5 Silane cyclohexyldimethoxymethyl- CyH,,0,Si 1.84 133 1.74
6 Dodecane 2 6 11-trimethyl CsHy, 3.00 1.80 4.50
7 Hexadecane C¢Hyy 1.61 1.20 0.33
8 Benzenepropanoic acid 3 5-bis 1 1-dimethylethyl -4-hydroxy- methyl ester CigHyO3 778 2.80 2.22
9 Phenol 2 4-bis 1 1-dimethylethyl - G, H,,0 5.46 3.11 3.57
10 Oleanitrile CgHyN 5.13 43.41 15.09
11 Dodecane 2 6 10-trimethyl- CsHs, 0.95 0.71 0.87
12 Benzyl chloride C,H,Cl 2.58 1.16 5.57
13 Octadecane 6-methyl- CoHy 0.36  0.30 0.37
14 Nonadecane 2-methyl- CooHy, 1.08 041 0.33
15 Benzaldehyde 2 4-dimethyl- CoH,,y0 7.34 3.33 352
16 Undecane 2 6-dimethyl- Ci3Hyg 0.34 0.24 0.36
17 Pentadecane 2 6 10-trimethyl- CigHyg 0.30 0.24 0.30
18 Octadecane 3-ethyl-5- 2-ethylbutyl - CysHsy 0.37 0.59 0.42
19 7 9-Di-tert-butyl-1-oxaspiro 4 5 deca-6 9-diene-2 8-dione C;H,, 05 056 041 0.53
20 8-Isopropenyl-1 3 3 7-tetramethyl-bicyclo 5.1.0 oct-5-en-2-one C;sH,O0 0.40 0.30 0.28
21 Methyl stearate CyH;30, 10.31 6.49
22 1 2-Propanediol 3- tetradecyloxy - C,H;05 1.59
23 1 3-Dioxolane 4 5-dimethyl-2-phenyl- C, H,0, 0.93
24 1 4-Dihydrophenacetic acid 3 5-di-t-butyl- ethyl ester C,gH5,0, 1.43 1.33
25 17-Pentatriacontene CysHyp 0.32
26 1H-Indene-1 3-dione 2- 1 I-dimethylethyl phenyl methylene- C,0H 50, 0.64
27 2-methylhexacosane G, Hgg 1.07 0.93
28 I 1'- 4-Methyl-1 3-phenylene bis 3- 5-benzyl-1 3 4-thiadiazol-2-yl urea €,y HyNg 0,8, 0.37
29 Dodecane 2 7 10-trimethyl- C s Hay, 1.81 1.37
30 Eicosane 7-hexyl- CysHsy 0.60
31 Etilefrine C o H;sNO, 4.92
32 Hentriacontane (O] s P 2.54
33 Heptadecanenitrile C;Hy;N 0.55
34 N-Methyl-N-benzyltetradec anamine C,,HyyN 2.67 2.43
35 Nonane 4 5-dimethyl- C, Hy, 0.42
36 Octacosane CogHgg 0.81
37 Octadecane 2-methyl- CioHy 0.46 3.04
38 Octasiloxane 1 1 33557799 11 11 13 13 15 15-hexadecamethyl- CsHs00,Sig  0.32 0.45
39 Octatriacontyl pentafluoropropionate CyH,,F0, 0.68
40 Phenol 2 2'-methylenebis 6- 1 1-dimethylethyl -4-methyl- C,3H;5,0, 0.77
41 Tetratetracontane CuHgg 0.29
42 Undecane C, Hyy 1.73  0.22
43 Hexadecane 2 6 10 14-tetramethyl- CooHyy 0.54 0.40
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44 Heptasiloxane hexadecamethyl- CsHiO06Si;  0.29 0.27
45 1-Decanol  2-hexyl- C,¢H3, 0 0.22
46 3 N N-dimethylmyristylam monio propanesulfonate CogH, NO,S 2.92
47 9 12 15-Octadecatrienoic acid 2-  trimethylsilyl oxy -1-  trimethylsilyl oxy methyl ethyl ester Z Z Z Cy;H5,0,8i, 0.28
48 9-Octadecenamide 7 - C,gHysNO 2.10 6.64
49 Dodecane 4 6-dimethyl- Ci4Hy 0.20 0.54
50 Heptacosane CyyHyg .03 1.31
51 Heptadecane Gy, Hyg 0.28
52 Hexanedioic acid mono 2-ethylhexyl ester C4Hy 0y 0.32
53 Nonadecane CoHy 0.27 0.73
54 Oxalic acid 6-ethyloct-3-yl isohexyl ester CsH;,0, 0.19 0.23
55 Pyrido 2 3-b pyrimido 4 5-d thiophen-4 3H -one 3-amino-9-methoxymethyl-2 7-dimethyl- C;H,N,0,8 0.36
56 Trimethyl 2 6 ditert.-butylphenoxy silane C,,H;,08i 1.16
57 Trimethylsilyl propaneperoxoate Ce¢H,,0,Si 0.28  0.66
58 Undecane 4 7-dimethyl- Ci3Hyg 1.49 2.02
59 1 3-Difluorobenzene 4-benzyloxy-2-trimethylsilyl- CH s F,08i 10.82
60 1-Undecanamine N N-dimethyl- C3HyuN 7.16
61 Benzaldehyde 2 5-dimethyl- CyH,p0 0.59
62 cis-10-Nonadecenoic acid CioHy0, 1.27
63 Decane 3 7-dimethyl- CiyHyg 0.58
64 Diazene dimethyl- C,HgN, 0.35
65 Dodecane 1-chloro- C,H,5Cl 0.25
66 Heneicosane C, Hy, 0.27
67 Hexadecane 2 6 11 15-tetramethyl- CyoHy, 0.43
68 Oleic acid eicosyl ester CyH,,0, 0.70
69 Tridecane 2-methyl- C,Hs 0.81
3
Table 3 Classification statistics for chemical components in the soil extracts
ES1 22 7 2 2 1 1 2 1 1 1 1 0 0 0 0
ES2 20 6 2 1 0 1 1 2 3 0 1 0 0 0 0
ES3 19 7 2 1 0 2 2 2 3 0 0 1 1 0 0
0S1 23 6 2 0 3 2 1 2 3 0 0 0 2 0 1
0S2 19 8 1 1 2 1 1 2 3 0 1 0 1 0 0
0S3 21 7 1 2 2 1 0 4 2 0 0 1 0 1 0
. 0S1
052 26 . 0S1 053 24
; 052 0S3 27 o 3 50% 3

20 o
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3 (11.54%) 3 (11.54%) 2
(7.69%) 1 ( 3.85%) 1
(3.85%) 1 (3.85%) 1
(3.85%) -
3 21
3 20
11 :
Tetradecane 2 6 10-trimethyl— Benzoic acid 3 5-
( dimethyl- methyl ester.Heptadecane 2 6 10 15-tet—
2 3

) 3 ()
Fig.2 Number of chemical components overlapped in different
comparisons. Left figure is diagram according to the components
in the soils treated with earthworms and right figure is according

to the components in the control group

50% .
3 ES1.ES2.ES3
65 ( : ESI)) 3
0S1.0S2.0S3 69 (
0S1-3) 3 .
43
2 (4
26 ( 4).
: 8  (36.36%) 5 22.73
(%) 2 (9.09%) 1 (4.55%)
1 (4.55%) 1 (4.55%) 1
(4.55%) 1 (4.55%) 1 (4.55%)
1 (4.55%)
9 (34.62%) 5 (19.23%)
3 3 ES1.ES2.ES3
( . ES1-3) 3 0S1.0S82.
0S3 ( :0S13)

Fig.3 Number of chemical components overlapped in the soils

treated with earthworms( ID: ES1-3) and control group ( ID: 0S1-3)

ramethyl~ Pentadecane 4
8dsopropenyl-1 3 3 7-etramethyl—
bicyclo 5.1.0 oct-5-en2-one

o

6 8-9 11-13

o

22
26

20

21-22
°
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Table 4 Chemical components included exclusively in the extracts from the soils treated
with earthworms and the control group
ESI.ES2  ES3 0S1.082 083
1 Pentadecane CisHj, Nonane 4 5-dimethyl— Gy Hy,
2 Tetradecane 2 6 10-trimethyl- Cy,Hye Octadecane 2-methyl- CioHyo
3 Heptadecane 2 6 10 15+etramethyl— Cy Hyy 17Pentatriacontene CasHypg
4 Heptadecane 2 6 10 14-etramethyl— Cy Hyy Octacosane CpgHsg
5 Benzene 1 3-bis( 1-methylpropyl) — Ci4Hy, Dodecane 4 6-dimethyl— C4Hs
6 1-Nonadecene CioHyg Heptadecane Ci7Hz6
7 Decane 2 3 5 8-etramethyl— Cy4Hy Dodecane 1-¢hloro— C,H,5Cl
8 2-methyloctacosane CaoHgo Heneicosane Cy Hy
9 Benzoic acid 3 S-dimethyl- methyl ester CoH,0, 1 3-Difluorobenzene 4-benzyloxy-2-trimethylsilyl— C¢H sF,0Si
2-Benzofurancarboxylic acid 2 4 5 6 7
10 Ci3Hy0 Octatriacontyl pentafl ionate Cy HyF50
7-ahexahydro4 4 7a-irimethyl— methyl ester cis— 1372073 clatriaconty’ pentatiuoropropronate TSR
5 8 11 14-Eicosatetraenoic acid . ..
11 1cosatetraenolc act CyHy0, Trimethylsilyl propaneperoxoate CeH 40,51
phenylmethyl ester ( all-Z) —
12 . 9. 12 ls—f)ctadecatrienoic acid €y Hy, 0,8, 9 12 15'—Octadec.'aln'cnoic acid 2- ( trimethylsilyl) oxy CyyHy, 0,8,
2 3-bis ( trimethylsilyl) oxy propyl ester (Z Z Z) - -1-  ( trimethylsilyl) oxy methyl ethyl ester (Z Z Z) -
13 9-octadecenoic acid 2 2 2-rifluoroethyl ester CyH35F;0, Hexanedioic acid mono( 2-ethylhexyl) ester C 4 Hy 04
14 3-Hexanamine 3-ethyl— CgHgN Oleic acid eicosyl ester CsgH7,0,
15 1-Nonadecanamine N N-dimethyl— Cy HysN N-Methyl- N-benzyltetradec anamine CyHyN
16 Edulan I C3H,,0 9-Octadecenamide ( Z) - C,sH;35NO
17 tert-Hexadecanethiol CiHj4S 1-Undecanamine N N-dimethyl— Ci3HyN
18 7-Hexadecenal (Z) - C6H50 Etilefrine C,oH5sNO,
19 Stearyltrimethylammonium chloride C,, HyCIN 1 2-Propanediol 3 tetradecyloxy) — C7H304
20 2-sopropyl-5-methyl1 heptanol Gy HyO 1-Decanol  2-hexyl- CcH3,0
. 1H-ndene- 3-di .
21 Hexadecanenitrile CigHy N K naene tone CyH 30,
2— (1 1-dimethylethyl) phenyl methylene—
. . L 8dsopropenyl- 3 3
22 is—1 1-Eicos > acid CyH30 C;sH,,0
o reosenore act 0T 7-etramethyl-bicyclo 5.1.0 oct-5-en-2-one BB
”3 1 1A 4-Methyl-1 3'—p}.1enylene) bis 3+ S-benzyl-1 CoyHy N 0,5,
3 4-hiadiazol 2-yl) urea
24 Heptadecanenitrile C;;Hy;3N
25 Diazene dimethyl- C,HgN,
26 cis—10-Nonadecenoic acid CoH30,
pH

23-24
°
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Effect of Earthworms on Organic Chemical Components of Soil

LIU Dianfeng' > LIAN Bin® WU Chunhao'

( 1. Department of Bioengineering Puyang Vocational & Technical Institute Puyang 457000 China;
2. Institute of Geochemistry Chinese Academy of Sciences Guiyang 550081 China;
3. College of Life Sciences Nanjing Normal University Nanjing 210023 China)

Abstract: Earthworms are one of the most important groups of soil animals. They not only can improve soil structure and fertility but
also promote the weathering of soil minerals. To investigate the effect of earthworms on organic chemical components of soil and illumi—
nate the mechanisms of weathering soil minerals by earthworm we extracted organic compounds by solvent methanol from the soils trea—
ted with earthworms and then characterized the organic components of soil extracts using GC-MS after silylation derivatization. Results
showed that hydrocarbons were the most abundant components among all extract followed by esters. There were very few kinds of nitrile
in the extract but with high contents. There were 22 exclusive components in the soils treated with earthworms and 26 exclusive compo—
nents in control group. Small amounts of organic acids were found in the two kinds of soils but there were no significant differences in
the kinds and contents of the organic acids between the soils treated with earthworms and the control. In addition none of siderophores
were found in all soils. Based on above results we speculate that the bioweathering of soil minerals by microorganisms induced by
earthworms occurs on the local region of minerals and its mechanisms may be explained by Lians the combined effect hypothesis.

Key words: earthworm; soil extract; chemical component; GC-MS



