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Fig 1 XRF spectrogram of chemical element from paddy ( a) and rice (b)
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Table 1 Chemical elemental compositions of paddy, rice, wheat and flour determined by XRF method in mass%
0 49 0506 46 107 6 49 518 1 46 5470 47 6378 44 779 5 48 167 6 45 2775
C 45 1740 42 463 6 46 281 1 43 5042 46 5377 43 745 4 46 220 7 43 4475
N 35620 3348 3 3 760 6 35350 5 0814 4 776 5 50257 4 7242
K 02801 02633 0 128 5 0 1208 0 3015 0 283 4 0 2058 0 1935
P 0 2517 0 236 6 0 109 2 0 1027 0 1540 0 144 8 01252 01177
S 0 1020 0095 9 0 079 7 0 0749 01161 0 109 1 0 106 9 0 1005
Mg 0 2297 02159 0 069 8 0 0656 0 0826 0 077 6 0 066 2 0 0622
Si 1L 2516 1176 5 0 030 6 0 0288 0 0278 0 0261 0 010 2 0 009 6
Ca 0 0297 00279 0 006 8 0 006 4 0 0276 00259 0 024 8 00233
Na 0 0051 0 004 8 0 004 6 0 0043 0 0037 0 003 5 0 002 6 0 0024
Cu 00120 00113 0 003 8 0 003 6 0 007 2 0 006 8 0 028 5 0 0268
Al 0 007 1 0 006 7 0 002 4 0 0023 0 0051 0 004 8 0 003 4 0 0032
Fe 0 0345 0032 4 0 001 8 0 0017 0 0070 0 006 6 0 003 4 0 0032
Zn 0 0026 0002 4 0 001 3 0 0012 0 0055 0 005 2 0 001 1 0 0010
Mn 0 0051 0 004 8 0 001 0 0 0009 0 0040 0 003 8 0 001 5 0 001 4
Ni 0 0016 0001 5 0 000 7 0 0007 0 0007 0 000 7 0 000 6 0 000 6
Rb 0 000 8 0 000 8 0 000 2 0 000 2 0 000 2 0 0002
22
2 XRF ,
XRF s Si Mg K, P Ca

XRF
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Fig 2 XRF spectrogram of chemical element from wheat (a) and flour (b)
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Fig 3 XRF spectrogram of chemical element from soybean ( a) and millet (b)

Table 2 (hemical elemental compositions of soybean, millet, sorghum and corn determined by XRF method in mass%

(0] 35 1033 32 997 46 531 8 43 7399 47 173 4 44 343 0 43 461 1 40 8534
C 52 9487 49 771 8 47 061 4 44 23717 48 1188 45 2317 51 6255 48 5280
N 8 5016 79915 5 456 6 51292 4 1364 3 8882 45219 4 2506
K 2 0586 19351 0243 6 02290 0 1817 Q0 170 8 01791 0 168 4
P 0 5623 05286 Q246 7 0 2319 01324 01245 Q 067 7 0 0636
S 0 2828 02658 Q147 9 01390 0 0805 Q0757 0 083 4 0 078 4
Mg 0 3165 02975 Q0 2542 02390 0 1308 01230 0 044 6 0 0419
Si 0 0128 00120 0 0220 0 0207 0 0170 0 016 0 Q0 005 4 0 0051
Ca 0 1808 0166 0 0 0156 0 0147 Q0 006 4 Q 006 0 0 002 9 0 0027
Na 0 0033 0003 1 0 003 3 0 0031 Q0 003 8 0 003 6 0 002 5 0 002 4
Cu 0 0014 Q001 3 0 001 2 Q0 0011 Q0 000 6 Q0 000 6 Q0 000 4 0 000 4
Al Q0 005 4 0005 1 0 003 4 Q0 0032 Q0 006 5 Q 006 1 Q0 001 4 0 0013
Fe 0 0113 0010 6 Q 005 6 Q0 0053 Q0 0027 Q 002 5 Q0 001 5 0 0014
Zn 0 0042 0004 0 0 004 1 0 0039 Q0 000 6 Q0 000 6 0 002 5 0 002 4
Mn 0 0036 0 003 4 0 001 3 Q0 0012 Q0 000 8 Q 000 8

Ni Q0 0017 0 001 6 0 001 0 Q0 0009 Q0 000 8 Q 000 8 Q 000 7 Q0 0007
Rb 0 0013 Q001 2 Q0 000 4 Q0 000 4 Q0 000 4 Q0 000 4 0 000 2 0 0002
Sr 0 0005 0 000 5




5 1431
2 , K (0 23%), Mg 0. 24%,
6 0%, Ca s 0 12% S P ,
94 0%, XRF 0 14% 0 23%, Si (0 02%) ,
49. 7% , 44 24%
33 00% , 2 4
43 74% ; 7. 99% , 4 XRF
5 13% , K s K Mg , S
1. 94%, Mg 0 30%, Ca 0 17% s Ca Si s K,
Na, Zn, Cu, Fe Rb P S P s Ca, Mg Si
, 053%, S 0 27% Si
|
Fig 4 XRF spectrogram of chemical element from sorghum (a) and corn (b)
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Table 3 Sugar and protein contents in rice, wheat, soybean, millet, sorghum and com determined by XRF method in mass%

C/ % N/ % Protein/ % P/ % N/% (DNA) N/ % ( ) / % | Y%
42 46 335 20 10 0 24 0 17 318 19 16 80 84
43 50 3 54 21 24 Q0 10 0 17 337 20 31 79 69
43 75 478 28 68 0 28 0 20 4 58 27. 57 72 43
43 45 4 72 28 32 Q12 0 20 452 27 21 72 79
49 77 7199 47194 as53 a 90 7109 421 74 57 26
44 24 513 30078 a 23 a 39 4 74 28 56 711 44
451 23 3189 231 34 a 12 a 20 3169 221 21 7179
48 53 425 25150 a 06 a 10 415 24 99 751 01
16 6%, DNA , N%(DNA)= 11 69@P% Protein%: DNA



1432

31
s 4 CO,
) CO,
DNA (47 94%) , €O, ,
421 74% ,
s 281 56% s 2200 s
27 57% s 241 99% 10 ( , 5 62010
s 22 21% s ) 4 s
20 31% s ,
44% s
968 R 3 549 33 CO,
s 3 549 33 CO, 2009
R s 35 622 CO,,
380 52 CO,, 41d 142 CO,,
, , XRF 111 72%
i CO, )
R 3
3 133 188 CO,, 88 28%
311 CO, ( 3%, CO, ),
XRF 96 % s
, 43 5%, , €O, ,
44 0% s , CO» s CO,
, 2009 CO,
44% 2009 : 51308 s 3141%; 2 63% 4 69% s
2009 CO, a 33%;
, a 08%; 21 63% CO,
, CO, 1/ 33,
S 308 CO, s , 2009 311 30 , 174
, , , 8 , 3/4 , 23 ,
2009 5 308 s
, 81564 CO, )
> 351 622 CO,,
Table 4 Amount of CO, discharged into the earth s atmosphere by human activity from China and the world in 2009
«C ) «C ) ( m) ( )
5 308° 221 080" 3l 746¢ 38 8¢ 8741 5° 29 900° 311 30 66l 748
/% 44 44 85 85 85! 85 68" 68"
( ) 2 336 a715 31 184 321 980 o 743 251415 211 284 451 383
CO> ) 8l 564 33 622 11 675 1200 927 2726 931 188 781 041 166l 405
/% o 24 11 00 o 33 3141 o 08 263 2 20 4 69
a 2009 12 31 ;b 2009 7 17 ;%2009 6
d (BP)52009 6; © ; 52009 6 ;= BP
20106 ; "8%=C% , 2010 ;i as / i
CO, 3,549 33
312 CO, , 6 000
) €O,

78 %
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X2Ray Fluorescence Spectrum Studies on Bioorganic Carbon in Cereals and
Carbon Chemical Circulation

DUAN D@&liang', BIAN Fi2yong', YUAN Bo', WANG Shu?, GE Ma®fa?, ZHANG Xin@kang?, XU S2chuan' >
1. Key Laboratory of Ministry of Education for Medicinal Chemistry of Natural Resource, College of Chemical Science and Tech2
nology, Yunnan University, Kunming 650091, China

2. State Key Laboratory for Structural Chemistry of Unstable and Stable Species, Institute of Chemistry, Chinese A cademy of
Sciences, Beijing 100080, China

Abstract The bioorganic carbon contents and chemical element compositions in six kinds of cereals: paddy (rice), wheat
(flour), soybean, millet, sorghum and corn were determined by X2ray fluorescence ( XRF) spectrum, meanw hile a new method
was established to probe their protein contents. In the cereals, the average bioorganic carbon content is about 44% . The highest
protein content is 42 74% from soybean, and other protein content is 28 56% in millet, 271 57% in wheat, 24199% in corn,
22 21% in sorghum, but only 201 31% in rice. Based on our new definition of carbon chemical circulation presented in the
current work, the authors have found that in 2009 humankind used bioorganic carbon to discharge CO, into the earth. s
atmosphere that accounts for one percent of the total CO, discharge, and consumed organic carbon to release CO; into the earth s
atmosphere, accounting for 10 73% of the total CO, discharge. The clear definition of carbon chemical circulation and the
discharged CO, content from the distinct types of carbon com pounds would advance the study on carbon chemical circulation and
the atmospheric CO; greenhouse effect. Our work further found that it takes eight years to circulate the total earth. s atmospheric
CO,. The short period shows the sensitivity for CO; to keep its dynamical equilibrium in the earth. s atmosphere. However, no

experimental data has been reported to prove a heavy destructive greenhouse effect of CO, existing in the earth s atmosphere.
Keywords Cereals; Elemental composition; XRF; CO,; Greenhouse effect; Carbon circulation
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