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Major Trace Gases Emitted By Savanna Fires

Rank Compound ppb/ppmCO,

1 co, 1000
2 co 66.4
3 H, 12.6
4 CH, 3.53
5 NO, 3.10
6 N, 2.87
7 C,H, 1.14
8 CH,COOH 1.06
) HCHO 0.97
10 CH,OH 0.96
11 S0, 0.85
12 HCN 0.57
13 NH; 0.47
14 HCOOH 0.39
15 C,H, 0.29

RED INDICATES TOO RX TO MIX GLOBALLY

OVOC/NMHC =~2.4



Table 7. Emission Ratios Relative to CO» for the Top Trace Gas
Emissions (Excluding HsO and 50s) From Fires in Indonesian
Fuels, in Order of Abundance®

Emiszsion Ratio, Emission Factor.®
Compound mmol/mol CO05 g ke :
Carbon dioxide (CO,) 1000 1509
Carbon monoxide (CO) 142.7 137
Hydrogen (H,)° 49.7 3.41
Methane {CHy) 13.6 T.46
Ammaonia (MH-) 030 547
Acetic acid (CH,COOH) 391 ®.05
Methanaol {CH0OH) 345 379
Acetol (C3H0.)" 315 7.59
Mittogen (N2)° 287 2,76
Acetaldelyde (CH;CHO) 2035 309
Ethylene {CaHy) 1.90 1.82
Formaldehvde (HCHO) 1.85 1.90
Hydrogen eyanide {HCN) 1.75 1.62
Mitric oxide (MO} 1.14 117
Acetonitrile (CHCN) 093 1.31
Propylene {Cs;Hg) 092 1.33
Glycolaldehyde (CoH404) 0.92 1.89
Acetone (CHz0)" 0.65 1.20
Phenaol {C,H;0H) .65 210
Formic acid (HCOOH) 053 057
Benzene (CaHs) .35 0,04
Acetylene (Collo) 035 0.3l
Isoprene (CsHg) N33 082
Furan (C4H,0) 031 N7z
Methylvimylether {C;HaO) 025 050
Toluene (CgHsCH;) 025 0.9
Propanenitrile (C;H;N) 012 0.23
Propenenitrile (C;H;N) 010 01

“Emission ratios are given m mmolmol. Criteria for nclusion in the table
are discussed in text and by Christian ef ol [2003].

"Calculated from this set of emission ratios at the average, ash-free fiel
carbon content of 30%,

“Estimated from data for Brazil [Word er al , 1992],

“Average of PTR-MS and FTIR result.

“Estimated from data of Kullfbusch er al. [1991].

'PTR-MS mass 59 minus FTIR methylvinylether. FTIR acetone ER
equals 0.62.
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Figure 36.4 Mixing ratios above background in % for CO;
and ppmv for the other gases, stack-gas temperature in °K, and
the first derivative of the CQO-curve during the first 400 seconds
of a typical experiment. The maximum in dCO/dt is taken

to define the transition between flaming and smoldering
combustion.



TABLE 1. Gas Production during Flaming and Smoldering
Phases of u-..Enm wE_.___..__ on Laboratory HE..E..EEH

m.n-nnu.ﬁumn in mE.EH_m mﬁ.m.w _m_.m.,.__

Flaming Smoldering
COs 63 LY
CO 16 84
CH, 27 73
NMHCs 33 67
NO, 66 34
NH; 15 B5
HCN 33 67

CH.Cl 18 72

Source: Lobert et al. (1991).



TABLE 3. Average Emission Factors for CO3, CO, and CH, for Diverse Ecosystems

(im g Combustion Product C/kg Fuel C)

CO, O CHy4
Chaparral 1 1644 + 44 T4 + 16 24 015
Chaparral 2 1650 + 31 75 %14 36025
Pine, Douglas fir, and brush 1626 = 39 106 = 20 JO0=08
Douglas fir, true fir, and hemlock 1637 + 103 89 = 50 26 * 16
Aspen, paper birch, and debns from jack 1644 + 62 B2 * 36 LY +05
pine
Black sage, sumac, and chamise 1748 = 11 3MxH 0.9 0.2
Jack pine, white and black spruce 1508 = 161 175 + 21 56+ 1.7
“Chained™ and herbicidal paper birch and 1646 = 30 a0 = 21 4.2 * 1.3
poplar
“Chained”™ and herbicidal birch, poplar, 1700 = &2 55 +41 38 =218
and mixed hardwoods
Debns from hemlock, deciduous and 1600 + 70 83 + 37 35+ 19
Douglas fir
Owerall average 1650 + 29 83 + 16 32+05

Source: Radke et al. (1991).



TABLE I. Emission Ratios for C0O, CH,, and NMHCs for Diverse Ecosystems
(in Units of AX/ACO., in Percent)

cO NMHCs

Wetlands

EEH.EW 4.7+ 08 027 +0.11 039 +0.17

Mixed 50+1.1 028 +(0.13 045 + 0.16

Smoldering 5410 034 =012 0.40 = 0.15
Chaparral

Flaming 37+ 1.56 0.55 +0.23 052 + 021

Mixed 58B=24 0.47 = 0.24 046 = 0.15

Smoldering B2+ 14 .87 £ 0.23 1.17 £ 033
Baoreal .

Flaming 6.7 % 1.2 .46 = 0,20 0.66 £ 0.26

Mixed 115+21 1.12 + 031 1.14 = 027

Smoldenng 12119 1.21 # 0,32 108 = 0.18

Source: Cofer e al, (1991).






TABLE 4. Emission Factors for (Gases and Ash Based
on Laboratory Experiments (in % of Fuel Carbon and

Fuel Nitrogen)

Mean Range

CO- 82.58 49.17-98.95
CO 573 2 83-11.19
CH, 0.424 0.14-40.94
NMHC {as C) 1.18 0.14-3.19
Ash (as C) 5,00} 0.66~22 28
Total sum C 04 91 —

M- 21.60 e
NO, 13.55 5.27-21.69
NH: $.15 1.04-11.74
HCM 264 0.31-6.75
CH;CN 1.00 0.079-2.323
Mitrates 1.10 —

Ash (as N) 9.94 1.75—45.98
Total sum N 53.98 —

Source: Lobert et al. (1991)
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Table 11. Comparison of Biomass Consumption Data of This Work in Alta Floresta
With Experiments Conducted in Manaus and Tomé Agu

Experiment Mfines 71510, Ti0-30- =305 Miotal: Source
Yo % % Ve %

Tomeé Agu, 1994, 334 61.0 6.3 2ud 21.9 Aravijo et al,
inside the forest" [1999]

Manaus, 1995, 8.5 86.8 439 .43 20.5 Carvalho et al,
inside the forest” [1998]

Alta Floresta, 1997, 937 238 13.3 327 22.7 present work
frontier with a pasture”

Alta Floresta, 1997, 840 g2.6 10.4 .14 19.5 present work
inside the forest™

Alta Floresta, 1998, 04 8 94.8 51.0 24.7 475 present work
borders of 100 m"

Alta Floresta, 1999, 95.5 5.5 T2.5 362 61.5 present work
borders of 50 m”

Alta Floresta, 1999, 93.6 93.6 422 20.5 41.8 present work
borders of 50 m”

®Area was felled and burned in the same year.
® Area was felled in 1998 and burned in 1999.
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Figure 3. Biomass consumption in the central 1-ha plot as a
funtion of the total deforested and burned area. The circles
represent plots that were burned 3 months after they were cut;

the square represents the plot that was burned 15 months after
it was cut.
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Old estimates on fuel consumption:

TABLE 6. Global Estimates of Annual Amount of Biomass Burning and the
Rmﬂthﬂm:aILarhunlﬂl:ﬂlmth: Al:lnnsphm

Biomass Burned Carbon Released CO4 H:Imsed

Source of Burning (Tg/year)? (Tg(Cliyear  (Tg(Clyearf
Savanna 3590 1660 1494
Agricultural wasie 2020 910 819
Fuel wood 1430 G40 576
Tropical forests 1260 570 513
Temperamre and boreal forests 280 130 117
Charcoal 21 30 27

Wc.'rrld total 8700 3940 3546

91 Tg (teragram) = lﬂn Mmetnic ons = lllﬂg,.
of a carbon content of 45% in the biomass ma!.enal In the case of charcoal, the rate of burmng
has been multiplied by 1.4.
¢ Assuming that 90% of the carbon released is in the form of CO;.
Sources: Seiler and Crutzen (1980), Crutzen and Andreae (1990), Hao et al. {1990}, Andreae (1991).



Contributionsto global budgets

TABLE 8. Estimates of Global Emissions from Biomass Burning and Global
Emissions from All Sources

Biomass Burning All Sources Biomass Burning

(Tg ElementYear) (Tg ElementYear) (o)
CO 3500 8700 40
0" 420 1100 38
CO 350 1100 32
H- 19 75 25
NMHC 24 100 24
CH,Cl1 0.51 2.3 22
NO, 8.5 40 21
NH; 5.3 44 12
CH,y 38 380 10
Elemental carbon (“black” carbon) 19 . 22 86
Particulate organic carbon a3t 180 39
Total particulate matter 140 1530 7

90 i3 not & direct combustion product of biomass buming but results from photochemical reactions

imvolving €0, NMHC, and NO,.
Bowree:! Levine (1990a)
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