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Chemical Compositions of n-Alkanols in Smoke from Rice and Maize Straw

Combustion
LIU Gang, LI Jiu-hai, WU Dan, XU Hui
(School of Environmental Science and Engineering, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: Six genotypes of rice straw and four genotypes of maize straw were burned under different conditions, and the smoke was
collected and n-alkanol in it was measured by GC-MS. Results showed that, in the smoke from rice straw flaming combustion, n-
alkanol was composed of individual compounds from C,, to C,,, and total contents( z ) changed in the range of 1 604. 4 to 13 889.7

“!. The ratio values of amount for n-alkanol with lower carbon number to that for one with higher carbon number (L/H) were in

mg-kg
the range of 0.02 to 0.09. The values for C,,/C,,, C;,/Cy, C3O/Z , CPI, and ACL varied from 3.3% to 19.6% , 8.4% to

19.9% , 53.9% t072.6% , 8.7 to 21. 5, and 29. 0 to 30. 1, respectively. The abundance distribution for the compounds was bimodal

with the maximal and the second peaks at Cy, and C,,, respectively. In smoldering smoke of rice straw, individual n-alkanol from C,
to C;, were also analyzed, with Z values varying in the range of 1 688.7 to 5168.2 mg-kg™'. The ratios for L/H, C,,/Cy, Csy,/
Cy, and C3O/Z ranged from 0. 08 to 0. 14, 31.0% to 70. 5% , 6. 9% to 17.6% , 39.5% to 57. 8% , respectively. In addition, the
CPI and ACL values varied from 10.7 to 17.5, and 27. 2 to 28. 5, respectively. Moreover, the distribution pattern was similar to that
in flaming smoke. In flaming smoke of maize straw, n-alkanol from C, to C;, were identified, with Z values being in the range of
852.3 102 667.9 mg-kg™'. The values for L/H, C,,/C,, Cy,/Cy, ng/z , CPI, and ACL varied from 0.2 to 1.0, 104.3% to
293.3% ,42.2% to 61.4% , 7.3% to 16.5% ,5.6 10 9.7, and 23.1 to 26.9, respectively. Besides, the abundance distribution
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pattern was mainly bimodal with a maximal peak at C,;, C,, or C,,. In the smoldering smoke for maize straw, the same individual n-

alkanols were found, and the Z values changed from 1493.0 to 8386.9 mg-kg™'. The values for L/H, C,/Cys, Cs/Coq,

ng/z , CPI and ACL were in the range of 0.2 t0 0.3, 53. 6% t0 217.6% , 21. 7% t075.9% , 8. 8% 1027.3% , 4.2 10 6.5, and

26.3 to 27. 2, respectively. Furthermore, the distribution pattern was bimodal as well with the highest peak mainly at C,, and the

second one at C,,. In brief, obvious discrimination exists among chemical compositions of n-alkanol in the straw and smoke. C,,/C,;,

C,,/Cyy, and Gy, / Z are useful proxies in distinguishing between n-alkanol in airborne aerosol deriving from rice straw and one

released in rice straw combustion process. L/H, C,,/Cy, C;,/Cy, and Cyg / Z may have a potential in discriminating the compounds

from maize straw and its burning. L/H is possibly used to make a distinction between the organic compounds from rice and maize

straws, and/or from combustion of the straws.

Key words :rice; maize; straw; burning; smoke; n-alkanol

TE A7 2 R AR I T A LA A
AT A A e it v 2 1) SR CHE T T A I T I,
B AR REFT LR S S b R R A I I
BT SRR AR A Y ARl R AT B K AR
b IR A AR BRSSP BUR  44E
e R RRRZE T BEREREAT (A R AT IR W A A
BEAh A 5K, U AR A S b R, (R RG AT R
RAEPEIM G A i £ 7L R 8 R BE A
SRR IEAG IR T A R, AR RS AT A 4
HIRA ML B2 OT & T8 Z BIBIESE , B XS AN[F]
MABE A TP LE R M A2 v, TE R 7 A 2 1 114
225 W B AT RABITR . 2 E AE W JHRBE R e
BEARMEN XA BRI FORFEFFIT I T4 be il , X A
A2 PP IE R R ) A 2 AR E T T RS B E AR
ZEAER LA R R MR, LU DA PR R I P Ik
[RESGEARES =2 QU sk S X

1 R

1.1 FEFFERESHI%

2010 ~2012 4F, HoRAET 6 AN FP IR R 4
AR FOKRFEFE. N 2 1 6 FIATEAL 6 %5 SRl
FEECR A WivE, AL 279 T f | R H 28, 40/
166 AL 728 SR A VL. 5 4 A% =F 3358 454
P EORFE AR AR, & 9 Fir Rl 11 R A
YL

T ] 20 S TEAS) i 1 I T P R R FEARE B i
T SCRE AR AR AT, 55 2 /NBE T K rh 2R T )
et BHE SRR RETE 50°C 1L 12 b, AR Y ks ik
VU 2 60 H. X THBHRFT, 7% N H AR
T G benn R R 24w, B LK.

1.2 BReeialne 5o R4

RRFDURE FF (0 7 P i KA B2 0 =X, BRIVEH KR b
[l b, 75— N HIAUA 20 m® (1 5 B P EAT A e 1 6
FERSALL B IR BRI U FPRE AT 1.0 ~ 1.5 kg, HEA

HERCAE—BR B b AUk, IR LR FP RS FF 0. 2 kg,
A PR e B PN s k. a4 i I AR B 1 28 R
ARG BRI LA JE

FH—& /N (28. 3 Lomin ') KPR Y% kE
#% ( Andersen, AH-200 %) >R 45 HE il 1) = P4 1) 41 2
(PM,y). REECSES KOHME2 m, BEHBTA 1.2 m. SERFS
FEIG BN FF UG RAE B AR AP SR AR | b SR
KA BRI g, LAl /A 28 1) A4 1. SRR BTG
YIS LT AEE AR AT T 500°CIKE 2 h, R HG &
TSP ERE TP 24 h. RS IERES
TR OPAT 24 h JEARE. RARES AR, R
1.3 AP E

A ML BALF 7 B 5 RS E RN TAER
FEBH b IR S BRIURE FT Y R 4 g B X
RAE T MR B B LFAEPEIE 0. 5 ~ 1 3%, BUIA
AW e/ MRS (2: 1, ) 10 mL, T
THEAIRD 15 min, LEE 3 K. GIFRIUK,
23000 remin " ARG ESC 2 min, HIEHE 28 kAR 1
40°CH4i FIE W E 3 mL, VLA WALATE 40°C Wk & it
F. A 2 mL Imol-L ™" KOH HEE/ /KW (4: 1,
A A1 1 mL 287K, £ 60°C 21k 2 h. SE)E
FH 3 mL U BB IO AV W 1 TR R 2 43 4% 3
. FERBOR G I e FHAWALAE 40°CHAA % 1 mL.
HAAER/ B B i gL . IZEMTHE AR 10
mm MR T 6 em HPEE LR (100 ~200 H) |
12 em AEFZ (100 ~200 H) Al 1 em Jo/KGREREN. 2
WA womE e 2P L AR H 20 mL IE Sk, 20
mL EC Pt/ SR FRIR G (9: 1, F) | 20 mL
IECke CIROERIRA W (8: 2, B LL) el | i
. PR e 4 230+, A 150 pl X (=
SRk bERE ) - = S BEME ( BSTFA) |, 76 70°C 74k 2 h.
i R R IR PR EE T, HIE O A E .

DL BB FHAX ( Agilent6890N/5975 GC-MS) ]



872 2N 5%

B % 35 %

B EEY. BT ATEH: S HP-5MS(30 m x 0. 25
mm x 0.25 pm) FER A TEBMEH; R E
VAR TR E 300°C, HERERE 1 L (R4
W) FHRFRE . ¥R R E 60°C, £ FF 2 min, UL
6°C +min "' (R TR 2 300°C, {44F 30 min. PAJE
T 75 BT 6 1 0 BN 1 AL i D B AT
HOMHT. AERRSRIGE 1R, BT AR EY R e+
7S ~ IE =T PUEER 549 (Nu Chek Prep, Inc). 7E
PRI 2 SEBRRE ST, LLIE Z B8 D B AT 1 b
Mg, e 70% ~110% .

2 HBRESH

1 mL-min~

2.1 A AR AR

FEE e i E R NG B g ~ C LA (R 1),
FEA R AT IER BT B A i (D ) oA %
KA (122.2 ~4 144, Img-kg ") , HV- M

100

H1014.5 mg-kg_l. AR BRI ( Cs ~Cyp) 5%
BB AR (Cyy ~ Cy) M BT ZZ BR. WEZ
(L/H) 23T 0.03 ~0. 18 Z i), I R 0. 1.
AHAE 1E A4 A 10 o s B A e Ty i XA 3. €y 1E
ST BB (Cy /D ) FHI L 70.8% .
IR, Coo A2 IEAG J I B 1) B B4 5. D3 4b, C/Cyy
Cop/ Coo W IA(E ST HIM 10. 4% | 8.5% .

FEFTAT SRR RS By ) LA g D7 Pt 45 2 000 =X
A (B ). HEE | RIGERREY 430 2 Cyy F G,y
TIH WA LY R BA 5 R ae R e 3. Homx
TR (CPL) FIF-S493 55 K B (ACL) - 241A )
%4 28.0., 28.9. KAEIET C, HY, HIEHIAE Wi
(43 AR SR (C, ) 19 XA TR & i —
ANEBBUE C, MR Cy. 5 HAL €, A Y2
BIE TR B B O R G, IE . R ARy
AyAASEE S SR 0 R (B I ) AR

m26k6
- SG-Dﬁﬁ
B o0 [ @WK
"E | Repoti]
-
20
ol T | T PO
§ 10 12 14 16 18 20 22 24 26 28 30 32 34
B

E1 BERBLHEMERENEESS

Fig. 1 Abundance distribution of individual n-alkanols in rice straw and smoke
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Table 2 Proxies and contents of individual n-alkanols in maize straw and smoke/mg-kg ~!

B2 BEREMLH C,/Cy. Cy/Coy

o T4 10 BT 3358 T
Y IR WOE WBH KRR WKW BN SRR WUON B KR DK A
Cg 0.4
Coy 0.8 0.2 0.2 0.1
Cio 0.9 0.2 0.2
Ch, 0.3 0.1 0.1
Cp, 0.9 0.2 0.2 0.1 27.2 11.6
Ci3 0.3 0.1 0.1 0.1
Cyy 0.9 0.2 0.3 0.1 32.6 13.6
Cis 0.4 0.2 0.3 0.3 17.0 10.7
Cie 1.4 0.4 85.7 0.3 1.1 59.2 11.0
Cy; 4.3 0.1 0.2 16.0 0.1 9.3
Cig 0.4 11.2 0.7 79.5 14.6 0.9 7.9 26.5 1.2 55.3 11.2
Cyo 9.2 8.9 0.1 6.1 0.2 1.5 21.5 0.1 7.7
Cy 6.1 26.4 39.8 1.3 31.2 21.4 2.2 10. 1 78.0 1.9 31.5 21.8
Cy 5.5 19.2 20.7 0.7 15.5 19.7 1.7 6.4 36.4 0.7 11.2 10. 8
Cyp 201.0 325.9 600. 1 13.1 202. 4 296. 3 40.8 145.9 962.3 21.9 135.9 162. 8
Cys 56.0 69.2 108. 6 3.3 44.9 90.5 16. 6 45.9 198.2 7.5 42.6 47.6
Coy 254. 6 459.5 937.6 15.5 193. 6 504.9 34.8 200.0  1869.1 24.8 130.2 218.5
Cys 8.5 31.2 56.3 1.1 26. 8 39.4 1.7 17.5 86. 1 1.0 8.5 19.3
Cog 147.1 357.4 664. 3 9.7 77.9 274.9 20.3 122.7 989.7 14.0 69.2 126.3
Cyy 6.1 18.3 29.6 0.9 35.7 1.9 17.0 55.0 1.0 4.3
Cog 161.0 440. 6 783.1 30.0 66. 0 232.0 48.2 167.9 1098.7 28.5 106.0 408.0
Cy 11.5 49.1 49.3 2.1 43.0 4.4 27.0 129. 1 2.2 36. 8
Cy 183.4 542.9 1097.8 19.8 36.2 548.9 32.0 168.2  1484.2 16.0 69. 6 209.0
Cs; 151. 4 88.8 429.5 9.1 259.6 76.9 45.6 532.8 64.1
Cyp, 160. 6 186. 1 403.3 21.7 40.5 176.1 21.5 83.8 641. 8 20.1 56.3 88.6
Cy3 41.7 21.4 1.4 13.8 4.1 43.5 3.1
Cyy 16. 4 44.0 54.0 5.4 51.2 1.8 118.0
Z 1430.7 2667.9 5306.6 137.6 900.2 2628.1 311.9  1067.4 8386.9 145.9 852.3 1493.0
L/H 0.3 0.2 0.2 0.2 1.0 0.2 0.3 0.3 0.2 0.3 0.9 0.3
CPI 3.8 8.4 6.4 6.1 9.3 4.2 1.9 5.6 6.5 8.0 9.7 6.1
ACL 27.0 26.9 27.2 27.8 23.1 27.1 27.5 26.5 26. 8 26. 4 23.2 26.3

1) D RIEMNEMIEE R A L/H=(Cg +Co + -+ +Cy3)/(Coy +Cos + - +C3y) 5 CPI= (Cpg +Cpy + - +C3)/(Cy +Cy ++ +Cy3) 5 ACL =
(8Cg +9Cq + -+ +34C5, ) /(Cg +Cy +--- +C3y)
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Fig. 3 Abundance distribution of individual n-alkanols in maize straw
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Fig. 4 Distribution of n-alkanols in flaming smoke from maize straw burning
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Fig. 5 Distribution of n-alkanols in smoldering smoke from maize straw burning
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