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Rice straw burning in Southeast Asia as a source of CO and COS 

to the atmosphere 

Ba Cuong Nguyen, Nikolaos Mihalopoulos, 1 and Jean-Philippe Putaud 
Centre des Faibles Radioactivit•s, Laboratoire mixte CNRS-CEA, Gif-sur-Yvette, France 

Abstract. Atmospheric samples were collected during rice straw burning at four different 
locations in Viet Nam during the dry and wet seasons (March 1992, February 1993, and August 
1992, respectively). The samples were analyzed for CO 2, CO, and COS. The emission ratios 
relative to CO 2 for rice straw burning during the dry season were comparable to those observed on 
samples collected during burning of savanna in Africa or forest in the United States. On the 
contrary, during the wet season the emission ratios for CO and COS relative to CO 2 were 2 to 10 
times higher. With these emission ratios and estimates of rice production from southeastern Asia, 
we estimated that burning of rice straw emits annually about 2.1 Tmol of CO (25 Tg C) and 0.6 
Gmol of COS (0.02 Tg S) to the atmosphere. Taking into account these new results, CO and 
COS fluxes from biomass burning could be reevaluated by 5-21% and 10-67%, respectively, with 
regard to previous estimates of these gas emissions from all biomass burning activities. 

Introduction 

As a substantial source of trace gases and aereosol particles 
to the atmosphere, biomass burning impacts both the 
troposphere's chemistry and its radiation balance [Andreae et 
al., 1988; Crutzen and Andreae, 1990; Houghton, 1990; 
Lashof and Ahuja, 1990; Penner et al., 1991]. Widespread, 
particularly in developing countries, burning of biomass is 
practiced as a means to convert forests to cultivated lands, to 
clean lands and to provide fuel for domestic heating. Also, 
many countries burn off agricultural wastes both as a means of 
disposal and as a mechanism of insect control. The single most 
important source of burned agricultural wastes is straw from 
rice, which makes up 31% of the agricultural waste in the 
developing world [Crutzen and Andreae, 1990]. 

One of the sulfur species emited by biomass burning is 
carbonyl sulfide (COS), which is the predominant precursor of 
sulfate aerosols in the stratosphere during volcanic quiescent 
periods [Servant, 1989]. Emissions of this compound could 
therefore have a negative radiative effect. Up to now, very 
limited data regarding COS emission ratios from biomass 
burning have been reported. COS emission ratios have only 
been measured from forest fires in Colorado (n = 7) and Brazil 
(n = 22) by Crutzen et al. [1979, 1985], from African equatorial 
rainforest (n = 2) by Bingemer et al. [1992], and from African 
savanna (n = 17) by Nguyen et al. [1993a]. 

However, up to now, all data regarding trace gases and sulfur 
compound emissions from burning are originated from 
experiments performed on tropical forests and savanna fires. 
Measurements from other important biomass burning sources, 
such as agricultural waste which could account for about 17% - 
28% of the total carbon released [Crutzen and Andreae, 1990; 
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Chin and Davis, 1993], are not available. In this paper we 
present the first measurements of CO 2, CO, and COS emissions 
from rice straw burning conducted in Viet Nam, situated in 
Southeast Asia. The most important crop in this country is 
flee, which is cultivated using both irregated paddy and dry field 
culture on 75% of the total cropped land. 

Experimental Procedure 

Field experiments were conducted during March and August 
1992 as well as February 1993 at four different locations near 
Ho Chi Minh City, Viet Nam (Figure 1) situated at 30 km, 50 
kin, 70 km, and 300 km to the north at Da Lat. Experiments 
were conducted during the day between 1000 and 1700 LT under 
full sunlight and temperatures between 25øC and 30øC. In the 
dry season, samples were taken during large-scale field burning 
of rice straws for land cleaning. In the wet season the samples 
were taken during small-scale field burning of alredy cut rice 
straws, previously spread on the ground and exposed to the Sun 
for few minutes before burning. Gas sampling was performed 
downwind, about 20 - 60 cm above the top of the flames of rice 
straw burning. Thus it is quite unlikely that unburnt gases or 
intermediate combustion products significantly affect the 
composition of the samples. Moreover, to obtain a more 
realistic picture of the "overall average" of fires, 2-4 samples 
were collected with an interval of few minutes during each 
experiment. The samples were stored in 2-L canisters of 
electropolished stainless steel, each fitted with a metal bellows 
valve. These canisters were previously conditioned by heating 
under vacuum. Tests conducted in our laboratory showed that no 
significant concentration change within the interval time of 
less than 1 month occurred between the sample collection and 
sample analysis [Mihalopoulos, 1989; Bonsang et al., 1991]. 

COS was cryogenically trapped at -90øC on conditioned 60- 
to 80-mesh Tenax GC loaded into a FEP/reflon U column. The 

quantitative analysis of the samples was performed with a 
Varian 3400 gas chromatograph, equipped with a double-flame 
photometric detector operating in the sulfur mode and 
calibrated by injection of small volumes (10 - 30 gl) of a 
standard mixing of COS in helium at 85 ppm (Union Carbide). 

16,435 



NGUYEN ET AL.: RICE STRAW BURNING IN SOUTHEAST ASIA 

Southeast Asia Viet Nam 

70 80 90 100 110 

35 

3O 

................................ .............................................. ............... 
20- 

15- 

10- •/•) 
5- 

o .......................................................... ; .................... W•"'• 
-5• 

-10 i i i 1 1 
70 80 90 100 110 120 

120 130 

-25 

-20 

-15 

-10 

-5 

-0 

--5 

-lO 

13o 

100 105 110 

20- • 

15- 

10- •5 Ho Chi Mirth City 

5 I I 
100 105 110 

115 

25 

-20 

-15 

-10 

5 

115 

Figure 1. Location of the experimental stations in Viet Nam. 

The overall precision of the method was about 7%. Further 
details of the analytical system have been described by 
Belviso et al. [1987]. 

CO and CO 2 were analyzed with a gas chromatograph 
(Intersmat), equipped with a 1/8", 2-m long 60- to 80-mesh 
carbosphere S-packed column held at 105øC, subsequently 
converted to CH 4 using a methanizer and quantified by a flame 
ionization detector (FID). Calibration for CO and CO 2 was 
performed using a diluted standard (Scotty). Precision for CO 2 
and CO was better than 2%. Further details of the analytical 
system have been described by Bonsang et al. [1991]. 

Results and Discussion 

CO and COS Emission Ratio Estimates From Fire 

Samples 

COS concentrations reached values as high as 25 parts per 
million in volume (ppmv), exceeding the atmospheric 
background (500 parts per trillion in volume (pptv) [Khalil 
and Rasmussen, 1984]) by a factor of 5 x 104. CO 2 
concentrations varied from 1.2 x 103 to 2.6 x l0 s ppmv and CO 
from 1.4 x 102 to 9.6 x 104 ppmv. Concentrations of CO 2 and 
CO in the fire samples also far exceed their background values 
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Figure 2. Relationship between ACO and ACOS during rice straw burning experiment in Viet Nam (solid 
circles, wet season; open circles and open triangles, dr), season). 
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Table 1. CO and COS Emission Ratio (ACO/ACO2, ACOS/ACO2) Estimates During Various Biomass 
Burning Experiments 

Type of Vegetation 

Wild basin fire, Colorado 

Tropical forest, Brazil 

Equatorial rainforest, Congo 

Savanna, Ivory Coast 

Rice straw, Viet Nam (dry season) 

Rice straw, Viet Nam (wet season) 

ACO/ACO 2 ACOS/ACO 2 ACOS/ACO 
(X 10 '6) (X 10 '4) References 

0.15 15.8 1.05 Crutzen et al. [1979] 

0.15 + 0.10 8.2 0.55 Crutzen et al. [1985] 

6- 42 Bingemer et al. [1992] 

0.11 11.4 + 15.1 1.03 Nguyen et al. [1993a] 

0.13 + 0.10 37.4 + 41.1 2.87 this work 

0.28 + 0.11 78.2 + 31.4 2.80 this work 

in tropical areas of 350 ppmv and 0.1 ppmv, respectively biomass burning. Enhanced emission ratios have also been 
[Marenco et al., 1989; Rudolph et al., 1991] observed for CH 4 [Nguyen et al., 1993b] and could be explained 

Figure 2 shows the relationship between ACOS and ACO, by differences in the conditions of combustion among forest, 
which represent the increase of CO and COS mixing ratios savanna, and rice straw. In the same way the greater emission 
above their background levels for both the wet (solid circles) ratio for CO and COS relative to CO 2 during the wet season 
and the dry seasons (open circles, open triangles). A could be due to the higher humidity in rice straw during this 
significant regression is observed (r2=-0.99, slope 2.7 10 .4) in time period. Indeed, the presence of water in the burning 
agreement with our previous conclusions that COS and CO are material reduces the flame temperature, which induces changes 
both mainly produced during the smoldering stage [Nguyen et 
al., 1993a]. 

Emission ratios relative to CO 2 (AX/ACO2), defined as 

AX/ACO 2 = ([Xl•anpl½-[Xlbaekground)/([CO2]•ampl½-[CO2]baekground) 

for X = CO and COS, were calculated for both the wet and the dry 
seasons (Table 1). Two different emission ratios relative to CO 2 
are observed for both seasons and both compounds. The COS 
emission ratio falls from 78 x 10 -6 during the wet season to 
27 x 10 '6 during the dry season. The CO emission ratio also 
falls from 0.28 during the wet season to 0.13 during the dry 
season. It should be noted that emission ratios relative to CO 2 
for both seasons and both compounds present a high 
variability (up to 110%) also in agreement with our previous 
observations and confirm our conclusion that most CO 2 
emission occurs during a different combustion stage (flaming) 
than CO and COS, mainly produced during the smoldering stage 
[Nguyen et al., 1993a]. 

Table 1 also compiles the recent estimates on the emission 
ratios of CO and COS relative to CO 2 from biomass burning. 
Even during the dry season the CO and COS emission ratios 
from rice straw burning are close to the highest emission ratios 
already published. The COS/CO 2 emission ratio is, for 
instance, more than twice higher than those observed during 
burning savanna in Africa [Nguyen et al., 1993a] or burning of 
forest in the United States [Crutzen et al., 1979] (Table 1). 
During the wet season both CO and COS emission ratios 
relative to CO 2 increase by a factor of 2 with respect to the dry 
season. During this period, ACOS/ACO 2 and ACO/ACO 2 are 
thus almost twice higher than the highest emission ratios 
observed in the plumes of savanna burning [Nguyen et al., 
1993a; Bingeruer et al., 1992] or forest burning in the United 
States [Crutzen et al., 1979] (Table 1). These results indicate 
that the combustion of rice straw produces much more CO and 
COS with regard to CO 2 than the other known sources of 

in the thermodynamical conditions of combustion producing 
higher CO and CH 4 concentrations [Lobert and Warnatz, 1993]. 
It should be noted that the COS/CO ratio is constant all over 

the year (Table 1). This suggests that CO and COS emissions 
from rice straw burning are controlled by the same combustion 
factors and that COS emission can be accurately estimated from 
CO emission and the ACOS/ACO ratio. 

Estimates of Regional and Global Emissions of 
COS from Biomass Burning 

With data from the Vietnamese Ministry of Agriculture 
[1991] we estimated that about 20 Tg of rice straw are exposed 
to fire annually in Viet Nam. From that we calculated from our 
measured mean dry / total matter ratio of 0.9 and the 
carbon / dry matter ratio of 0.45 [Crutzen and Andreae, 1990] 
that 8.1 Tg of C (680 Gmol) from rice straw are burned each 
year in Viet Nam. About 95% of the carbon exposed to fire is 
released in the atmosphere in the gaseous form [Crutzen and 
Andreae, 1990] , so that each year, 640 Gmol of C must be 
delivered to the atmosphere as CO2, CO, CH 4, non-methane- 
hydrocarbons (NMHC), and COS: 

N = n(CO2) + n(CO) + n(CH4) + n(NMHC) + n(COS) (1) 

where N is the total number of gaseous C moles annually 
realeased to the atmosphere (=640 Gmol) and n(X) is the 
number of moles of each compound. 

The contributions of each of the above mentioned carbon 

species to the gaseous C released to the atmosphere can be 
calculated for both seasons using the following formulas: 

n(CO2)/N = (1 + nCO/nCO 2 + nCHdnCO 2 + nNMHC/nCO 2 
+ nCOS/nCO2)'l (2) 

n (X)/IX[ = n(X)/n(CO2) x n(CO2)/N (3) 
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Table 2. Percent Contributions of CO2, CO, CH4, NMHC and COS to the 
Gaseous C Released to the Atmosphere for Both Wet and Dry Season 

Season CO2 CO CH4 NMHC 

Dry 87 11 1 1 

Wet 74 20 3 3 

NMHC, nonmethane hydrocarbons 

As n (X) = AX x V where V is the "volume" of the plume: 

n(X)/n(CO2) = (AX x V) ] (ACO 2 x V) = AX/ACO 2 (4) 

Therefore we obtain 

n(CO2)/N = (1 + ACO/ACO 2 + ACHn/ACO 2 + ANMHC/ACO 2 
+ acos/ac02) 4 (5) 

n(CO)/N = (aco/ac02) (n(CO2)/N) (6) 

As emission ratios relative to CO 2 vary as a function of the 
season, we have performed the calculations for both wet and dry 
seasons. For CO we have taken emission ratios relative to CO 2 
from Table 1. For CH 4 we have taken emission ratio relative to 
CO 2 equal to 4.7 x 10 -2 and 7.2 x 10 -3 for wet and dry seasons, 
respectively [Nguyen et al., 1993b]. For NMHC we have 
assumed an emission ratio equal to that of CH 4, as measured in 
Africa by Bonsang et al. [1991]. There appear significant 
changes in the gaseous composition of the plume of rice straw 
burning between the wet and the dry season (Table 2). 

From field observations it was estimated that about 80% of 

the rice straw is burned during the dry season, whereas the 
remaining 20% is burned during the wet season [D. Canh, 
personal communication, 1993]. The annual weighted mean 
contributions to the gaseous C released to the atmosphere have 
thus been estimated to 84% for CO 2, 13% for CO, and 1.1% for 
each of CH 4 and NMHC. Therefore we calculated that each year, 
rice straw burning in Viet Nam releases 640 x 0.13 = 83 Gmol 
CO (1 Tg C). From the CO flux and the COS/CO ratio of 
2.7 x 10 -4, the annual COS flux from rice straw burning can be 
estimated to 24 Mmol (0.8 Gg S). 

Considering that agricultural customs are the same all over 
Asia and based on data provided by the International Rice 

Research Institute (IRRI) that rice production from Viet Nam 
(19.2 Tg/yr) accounts for the 4% of the total Asian rice 
production (476.8 Tg/yr), we calculated that rice straw burning 
in Asia releases each year (Table 3) 2.1 Tmol CO (25 Tg C) and 
0.6 Gmol COS (0.02 Tg S). 

For these gases, Crutzen and Andreae [1990] and Nguyen et 
al. [1993a] estimated that all biomass burning releases each 
year 120-510 Tg C as CO and 0.04-0.20 Tg S as COS. Our new 
estimates from rice straw burning in Asia represent substantial 
portions of earlier estimates, which until now had never been 
adequately considered (Table 3). Taking into account these 
emissions from Asia where 92% of the mundial rice is produced 
[IRRI, 1993], former fluxes of CO and COS from biomass 
burning could be reevaluted by 5-21% and 10-67%, 
respectively, reaching 145 to 535 Tg C/yr for CO and 0.05 to 
0.22 Tg S/yr for COS (Table 3). 

Conclusion 

Our field rice straw burning experiments conducted in Viet 
Narn show a seasonality in the CO and COS emission ratios 
relative to CO 2 with twice higher values during the wet season. 

With the annual weighted mean emission ratios from rice 
straw burning and using data of rice production from 
southeastern Asia, we estimated that burning of rice straw emits 
annually about 2.1 Tmol of CO (25 Tg C) and 0.6 Gmol of COS 
(0.02 Tg S) to the atmosphere. Taking into account these new 
results, the global CO and COS fluxes from biomass burning 
could be reevaluated by 5-21% and 10-67%, respectively, in 
regard to previous estimates of these gas emissions from all 
biomass burning activities. 

Based on data provided by the Vietnamese Ministry of 
Agriculture, the amount of rice straw burned each year increases 
by about 6%. Therefore rice straw burning should have an 
increasing impact on atmospheric chemistry and could become 

Table 3. CO and COS Emissions From Biomass Burning and All Known Sources 

CO, COS, 

Tg C /yr Tg S /yr References 

All known sources 600-1300 0.6-1.5 
0.3-1.8 

Biomass burning sources 

Rice straw burning 

Biomass burning of all sources 

120-510 0.04-0.20 
0.03-0.11 

Crutzen and Andreae [1990] 
Nguyen et al. [1993a] 

Crutzen and Andreae [ 1990] 
Nguyen et al. [1993a] 

145-535 0.05-0.22 this work 

25 0.02 this work 
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a significant source of CO and COS at the global scale. Our 
estimates are based on the assumption that the seasonal 
variations of ACO/ACO 2 and ACOS/ACO 2 are the same all over 
Asia. The uncertainty introduced by linearly extrapolating the 
seasonal variations observed in Viet Nam to the whole Asia is 

less than 20%. However, since some parts of Asia are not 
submitted to a monsoon climate, detailed data concerning 
agricultural customs and additionnal measurements in other 
areas of Asia would be needed to more accurately determine 
gaseous flux from agricultural waste burning. 
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