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GLOBAL BIOGEOCHEMICAL CYCLES, VOL. 13, NO 2, PAGES 485-491, JUNE 1999 

Atmospheric methyl halides and dimethyl sulfide from cattle 

Jody Williams, • Nun-Yii Wang, and Ralph J. Cicerone 
Earth System Science, University of California, Irvine 

Kazuyuki Yagi 
Japan International Research Center for Agricultural Sciences, Tsukuba, Japan 

Mitsunori Kurihara and Fuminori Terada 

National Institute of Animal Industry, Tsukuba, Japan 

Abstract. We have measured emissions of CH3C1, CH3Br, and (CH3)2S (DMS) from 
Holstein cows. In one experiment, two cows were studied in separate metabolic research 
chambers for a 24-hour period while on a normal diet and were studied for an additional 
24-hour period 1 week later after being placed on a diet enhanced in chloride and 
bromide. Methyl chloride emissions ranged between 0.4 x 10 -3 and 1.5 x 10 -3 g cow -• 
d- , while methyl bromide emissions were much smaller, 3 x 10-6-2 x 10 -s g cow -• d -•. 
Daily emissions of methane from these cows were 134-180 g cow -• d -•, quite similar to 
values found in many previous studies. A second 24-hour study of two different cows on 
normal diets yielded daily emissions of 0.6 x 10 -3 and 0.9 x ]0 -3 g CH3C1 , 0-1.0 x 10 -6 
g CH3Br , and 191 and 176 g CH 4. If these emissions of CH3C1 and CH3Br are 
representative of the 1.3 billion head of cattle worldwide, then the global source of 
atmospheric CH3C1 and CH3Br from cattle would be 0.23-0.70 Gg yr- and (1-10) x 

3 1 
10- Gg yr- , respectively. These emissions of CH3C1 and CH3Br represent <0.02% and 
<0.005%, respectively, of the total annual global atmospheric sources of these 
compounds; therefore, emissions of CH3C1 and CH3Br from cattle are insignificant 
contributors to their total sources. Discovered serendipitously, DMS emissions were 
between 0.17 and 0.24 g cow -• d -•, and chloroform emissions were 2 x 10-4-3 x 10 -3 g 
cow -• d -•. DMS from cattle is not a major source over hemispheric or global scales but 
could be important in certain geographical regions. Chloroform (CHC13) emissions were 
similarly detected and quantified, as were those of C2HsX (X - C1 or Br). 

1. Introduction 

The budgets of atmospheric CH3Br and CH3C1 are not well 
established. Perhaps the most useful constraint on the total 
annual sources or sinks is the relationship between the atmo- 
spheric residence time Tr, the global atmospheric burden B, 
and sources or sinks; that is, 

sources = sinks=B/Tr (•) 

Equation (1) is only approximately true for several reasons; it 
assumes steady state and that the gas in question is well mixed. 
Equation (1) is more accurate for gases with Tr greater than 
the time constant for exchange between the Northern and 
Southern Hemispheres, which is about 0.8 year [Prather et al., 
1987]. The most reliable quantity in (1) is the atmospheric 
burden: 145 Gg of CH3Br (1 Gg = 10 9 g) and 5000 Gg of 
CH3C1 (these data are from Butler [1994], Khalil et al. [1993], 
and Singh et al. [1983] and are probably accurate to within 

Current information implies that Tr is --•0.7 years for CH3Br 

•Now at Department of Environmental and Chemical Sciences, 
Chapman University, Orange, California. 

Copyright 1999 by the American Geophysical Union. 
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[Yvon-Lewis and Butler, 1997]. If this is true, global sources 
must be ---205 Gg yr -• in steady state. Independent estimates 
of CH3Br sources can be obtained by studying the sources 
themselves or by equating to sinks which can also be estimated 
separately; such studies suggest that there may be an uniden- 
tified (predominantly northern) source of CH3Br of about 90 
Gg yr -x [Yvon-Lewis and Butler, 1997]. Alternatively, current 
sink estimates may be too large; for relevant data and discus- 
sion of individual sources and sinks, see Yvon and Butler [1996] 
and Butler and Rodriguez [1996]. Briefly, major sources are 
thought to be biomass burning and emissions from fumigated 
agricultural soils. The burning of leaded gasoline as a source is 
highly uncertain, and the world's oceans appear to be a net sink 
for atmospheric CH3Br [Lobeft et al., 1995; Yvon and Butler, 
1996; Yvon-Lewis and Butler, 1997]. 

For atmospheric CH3C1, T r is ---1.5 years, implying that total 
sources must be 3.5 Tg yr -x (1 Tg = 1012 g). Weisenstein et al. 
[1992] calculated a residence time of 1.6 years, but OH 
amounts derived from atmospheric trends and lifetimes of 
C2H3C13 [Prinn et al., 1995] imply a slightly shorter lifetime. 
Emissions of CH3C1 from biomass burning worldwide have 
been estimated as 1.3 (+_0.2) Tg yr -• [Andreae et al., 1996]. 
Previously, oceanic emissions were thought to account for the 
largest source of CH3C1, 1.7-2.4 Tg yr -x [Tait et al., 1994] and 
5 Tg yr -• [Singh et al., 1983]; however, recent evidence sug- 
gests this source to be 0.2-0.4 Tg yr-•, which is only 6-12% of 
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Incoming Air Teflon tube placed for 
sampling incoming air 
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Figure 1. The volume of the cow chamber was 14,000 L. The 
air flow rate through each chamber was controlled as described 
in the text. A teflon tube was placed inside the pipe which 
directed the incoming air, and the other end was connected to 
a port located on the side of the chamber. This allowed sam- 
pling of the air just before entering the chamber. The other 
port was used to sample air in the chamber. The gas-analysis 
system monitored oxygen, carbon dioxide, and methane. 
Wastes were dropped through an opening on the floor just 
behind the cow leading to a waste-separating device on the 
floor below. 

the total [Moore et al., 1996]. Thus, at present, we have unsat- 
isfactory understanding of the sources and possibly the sinks of 
these methyl halides; identified sources of CH3Br and CH3C1 
do not appear to be enough to explain their atmospheric 
amounts. 

The possibility that a significant CH3Br source is yet uniden- 
tified and the fact that CH3C1 sources are not well studied led 
us to ask if emissions of these gases from cows could be im- 
portant. Several facts led to this idea. First, the rumen (a part 
of the digestive system of ruminant animals like cows) func- 
tions as a continuous fermentor; anaerobic microbes permit 
relatively efficient energy extraction from low-grade, high- 
cellulose food. Fermentation products include acetate, propi- 
onate, butyrate, CO2, and CH 4. Methane production by cows is 
reasonably well quantified [Kleiber et al., 1945; Atlas and Bar- 
tha, 1981; Crutzen et al., 1986]. Could the bromide and chloride 
in grasses, grains, and other forages be methylated in the ru- 
men and emitted as CH3X (where X = Br or C1)? Bromide 
fractions vary in grains, grasses, and clover between ---1 and 40 
ppm (by dry weight) and are generally 0.001-0.01 as large as 
those of chloride [Kabata-Pendias and Pendias, 1992]. The 
worldwide cattle population is --•1.3 x 10 9 [United Nations, 
1995], and typical daily food intakes are 3-9 kg (dry weight), so 
total dry matter consumption is of the order of 3 • l0 ]2 kg 
yr -•. Thus, for example, if all of the dietary bromide were 
converted to CH3Br and emitted, the source could be --•35 Gg 
yr -• of CH3Br with 10 ppm bromide in the feed and 3.5 Gg 
yr -• if 1 ppm is in the feed. We find no scientific literature on 
emissions of CH3X from cows and almost no information on 
the fate of dietary chloride and bromide [see, e.g., Hungate, 
1966; National Research Council (NRC), 1988]. There is some 
information available on the physiological functions of chlo- 
ride in cattle and on dietary requirements, but there is little or 

none for bromide [NRC, 1988]. Interestingly, bromochlo- 
romethane (CH2BrC1) as a dietary additive suppresses metha- 
nogenesis [McCrabb et al., 1997, and references therein], but 
there appear to be no reports of the in vivo production of 
halogenated methanes. 

With such a dearth of information in the scientific literature, 

a direct experimental approach seemed necessary. Accord- 
ingly, we decided to mount experiments to quantify these emis- 
sions, using existing chambers where cows are studied under 
controlled conditions; in such experiments, considerable ben- 
efit can be drawn from knowledge of methane emissions. By 
placing a cow inside a chamber of known volume and measur- 
ing the ventilation rate of the chamber and the amount of each 
gas of interest in the chamber, one can calculate the cow's 
emission of each gas. In the course of our research on the 
methyl halides, we discovered emissions of dimethyl sulfide 
(DMS), chloroform (CHC13), and chloroethane and bromo- 
ethane, C2HsC1 and C2HsBr, respectively. 

2. Experiment 
The experiments were conducted at the National Institute of 

Animal Industry, Ministry of Agriculture, Forestry and Fish- 
eries in Tsukuba, Japan, in the Energy Metabolism Laboratory. 
Cows were placed in separate flow-through type chambers 
[Iwasaki et al., 1982] where the flow rate, temperature, and 
humidity were monitored every 5 min. The concentrations of 
oxygen, carbon dioxide, and methane in each chamber were 
also measured at 5 min intervals by a gas-analyzing system. 
Figure 1 illustrates such a chamber and its configuration. Dur- 
ing each experiment, the airflow through the 14,000 L chamber 
was controlled at rates listed below and varied <1.5%. Animal 

wastes dropped through a 40 x 70 cm opening beneath the 
hindside of the cow which led to a separating device on the 
floor beneath the chamber. This device separated the wastes 
according to urine and feces. Samples of the chamber air were 
taken from several ports located on the side of the chamber 
where evacuated canisters could be connected. In order to 

sample the air prior to entry into the chamber, a teflon tube 
was connected from the location of the air inflow to one of the 

ports on the side of the chamber. The sample canisters con- 
sisted of 1.4-, 2-, 6-, and 8-L stainless steel canisters and 2-L 
aluminum canisters. 

These samples were then shipped to the University of Cal- 
ifornia at Irvine for analysis. Of each sample, 250 mL were 
preconcentrated at 142 K in a glass-bead packed stainless steel 
sample-injection loop immersed in an n-pentane/liquid nitro- 
gen bath, thermally desorbed, and directly injected onto a 25 m 
x 0.53 mm Poraplot-O column (Chrompack). Detection was 
by mass spectrometry (UNICAM automass model 150) in the 
selective ion-monitoring mode (mass charge ratio (m/z) = 50 
for CH3C1 and m/z = 94 for CH3Br ). Varying amounts of 
calibration gas (9.68 ppb CH3Br and 479 ppb CH3C1 from 
Scott Specialty Gases) were used to build a calibration curve; 
excellent linearity was achieved over the range of 0.31-1.03 ng 
for CH3C1 and 9.5-48.5 pg for CH3Br. 

The amount of gas X emitted by the study cow in a 24-hour 
period is the difference of two terms, namely, the amount of 
gas X leaving the chamber in the outward flow F o minus the 
amount of gas X entering the chamber in the incoming flow Fi. 
That is, 
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•024 •024 emissions per day = fchrnbr(t) Fo(t) dt - fiaF,(t) dt 

(2) 

where fchmbr is the mole fraction of gas X measured in the 
chamber at time t and fia is the mole fraction of gas X mea- 
sured in the incoming air at time t. This expression can be 
simplified because Fo(t ) = Fi(t ) = F, in particular, 

•0 24 emissions per day = F [fchrnbr(t) -- fia(t)] dt (3) 

Three separate experiments were conducted. The first, in 
April 1996, used cows 309 and 339 in 24-hour studies with 
regular diets described in Table 1. Immediately following the 
first experiment with the regular diet, sodium halide (NaBr and 
NaC1) solution was added to each cow's diet by pouring the 
solutions into a port on the side of the cow leading to the 
rumen for 8 days prior to the second experiment to check if 
emissions were elevated (see Table i for amounts). Standard 
Japanese grasses have --•20 ppm bromide and --•5000 ppm 
chloride [Yuita, 1983]. Thus, for example, if a cow would eat 
--•7300 g food d -•, this intake would include 0.15 g bromide 
d- • and 37 g chloride d-•. We decided to increase these values 
10 times, i.e., 1.5 g bromide d -• and 370 g chloride d -•. 
Because the cows' health may be affected by such high levels of 
chloride, only half of this amount was used, i.e., 185 g chloride 
[Ministry of Agriculture, Forestry and Fisheries, 1994]. In the 
second experiment the cows' emissions were again monitored 
for a 24-hour period to test if the halomethanes were enhanced 
because of added sodium halides. The amounts and type of 
feed and sodium halide quantities added to the cows' diet are 
shown in Table 1. 

In the April 1996 study, we took 119 samples, but we dis- 
carded 20 of them for the following reasons. In the first exper- 
iment (i.e., regular diet), at different times of day, we sampled 
chamber air simultaneously with pairs of evacuated flasks. In 
each case, one flask was simply filled to ambient pressure, and 
the other was pressurized to 1.7 x 10 -s pascal, with a teflon- 
valved oilless, greaseless compressor (KNF Neuberger). In six 
cases of these paired samplings the unpressurized flask yielded 
higher concentrations than its pressurized replicate. Pressur- 
ized samples are more reliable in analyses of this type (because 
the number of contained gas molecules exceeds the number of 
active surface sites of the canister walls), so we discarded the 
measurements from unpressurized flasks that did not agree 
with their pressurized partners. Because these six flasks were 

Table 1. Holstein Cows' Diet and Body Weight in April 
1996 

Body Weight, kg 
Added Added 

April 9, April 18, Feed,* Chloride,? Bromide,? 
Cow 1996 1996 kg d- 1 g d- 1 g d- 1 

309 642 658 8.06 185 1.5 

339 678 703 8.44 185 1.5 

Cows 309 and 339 were 10 and 8 years of age, respectively. 
* Feed consists of 50% Orchardgrass hay, 25% Italian ryegrass hay, 

and 25% perennial ryegrass hay. 
? Sodium halide solution was added every day from April 10 to April 

18, 1996. 

Table 2. Holstein Cows' Diet and Body Weight in June 
1997 

Age, Body Weight, Kg Feed*, 
Cow years June 10, 1997 kg d -1 

434 5 565 9.45 

956 4 487 8.27 

* Feed is Italian ryegrass hay wafers. 

from a batch of new flasks that had not been tested adequately 
before deployment, 11 other data points from such flasks were 
also discarded. Three other data points were discarded for 
other reasons; for example, MeBr concentrations were higher 
in incoming air than in the chamber, and no replicate sample 
was available. The other trace gases studied were not affected. 

The third and final experiment was conducted in June 1997 
on two different cows, 434 and 956, whose sizes and diets are 
described in Table 2. During the June 1997 experiment, we 
took --•20 pressurized samples and none were discarded. 

Previous studies of CH 4 emissions from cattle indicate that 
CH 4 concentrations generally peak --•1.5 hours after feeding, 
and Figure 2 shows the measured time evolution of methane 
amounts in the chambers during the studies of cows 309 and 
339. Accordingly, we devised a 24-hour sampling schedule that 
was guided by the cows' feeding schedule with more sampling 
when peak emissions of CH 4 were expected. 

Many previous studies have found that methane emissions 
from cows depend on body weights, ages, daily food-intake 
amounts, and other factors [see, e.g., Hungate, 1966; Crutzen et 
al., 1986; McCrabb et al., 1997]. Typical daily emissions of CH 4 
per animal are 230 g (dairy cows), 178 g (cattle on feed), and 
148 g (cattle on range), so emissions from cows 309 and 339, 
i.e., 157.80 and 180.10 g CH 4 d -1 (Table 3), are similar to 
values found in previous studies. In addition, cow 339 was fed 
more than cow 309, since cow 339 was larger in size. This may 
partly explain the difference in emissions between the two 
cows. Methane emissions from cow 434 and cow 956 (Table 4) 
also fall into this same range. The data in Table 3 show that 

lOOO 

•Cow #309 

• .... Cow #339 Chamber 
ß 

8oo ß., 

t ." "' :.?::" . .,::'-:'.:' .: :.., !;. : .• 600 

• 400 

I 0 ' '' I [ ' ' I' ' ' I '' ' I ''' I ' ' • I [il l•I I [ 
10:00 13:20 16:40 20:00 23:20 26:40 30:00 33:20 36:40 

Time of Day 

Figure 2. Methane concentrations measured versus time in 
the flow-through chambers for cows 309 and 339 with the 
regular diet in 1996 experiment. Methane amounts in incoming 
air were less than 2 ppm. Arrows note each time the cow was 
fed. Note methane peaks in the chamber air after each feeding. 
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Table 3. Trace Gas Emissions in April 1996 Experiments Table 4. Trace Gas Emissions in June 1997 Experiments 

Regular Diet, g d -• Halide Diet, g d -• Species Cow 434 Cow 956 

Species Cow 309 Cow 339 Cow 309 Cow 339 (CH3)2S not measured not measured 
CHC13 not measured not measured 

(CH3)2S 0.24 0.22 0.21 0.17 CH3Br 1.0 E-06 0 
CHC13 0.85 E-03 3.2 E-03 0.28 E-03 1.5 E-03 CH3C1 0.9 E-03 0.6 E-03 
CH3Br 6.9 E-06 2.6 E-06 2.0 E-05 3.8 E-06 CH 4 191 176 
CH3C1 1.5 E-03 0.49 E-03 1.4 E-03 0.41 E-03 C2H5C1 0.45 E-03 0.05 E-03 
CH 4 158 180 134 163 C2HsBr 3.1 E05 0 

E-n = 10 -n E - n = 10 -n. Emissions are given in grams per day. 

CH 4 emissions were enhanced for both cows 309 and 339 with 
the regular diet compared to the halide diet. 

It is possible that some of the observed elevation in concen- 
tration measured in the chambers for the gases of interest was 
due to gases produced in the waste reservoirs beneath the 
floors of the chambers. However, note that concentrations of 
each gas increased just after feeding times (Figures 2-6), im- 
plying that direct emissions from the cows were dominant. To 
investigate the possibility of significant emission from the 
dropped animal wastes, we performed experiments on the 
waste reservoirs after the June 1997 chamber studies. The 

reservoir beneath cow 434 collected 29 kg of waste (wet 
weight), while the reservoir beneath cow 956 collected 21.6 kg. 
We covered these waste reservoirs and extracted air samples 

after 1 hour and 2 hours; no measurable increases with time 
were observed for CH3 X (X = C1 or Br). C2HsX concentra- 
tions did increase above background levels but not greatly. 
Accordingly, we will use (3) above as if direct emissions of 
gases from the cows caused the elevated concentrations in the 
metabolic chambers even though gases lost from the wastes 
dropped by each cow could have added slight amounts to those 
emitted directly. 

During sample analysis when we operated the Gas Chro- 
matograph/Mass Spectrometer in its full-scan mode, we dis- 
covered unknown gases which we identified to be DMS and 
chloroform. We subsequently used mass 62 and mass 47 in the 
single ion-monitoring mode for DMS and CHC13, respectively. 
Because no standard was available to determine the DMS and 
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Figure 3. Measured methyl chloride concentrations in the flow-through chambers for cows 309 and 339 for 
the (a) regular diet and the (b) halide diet. Two sets of chamber air samples were taken for the regular diet 
experiment. One set of canisters was pressurized (solid square with solid line), and the other set was 
unpressurized (open slashed square with dashed line). The canisters used to sample the air just before entering 
the chamber (incoming air, triangle with dashed line) were unpressurized. Arrows represent each time the cow 
was fed. 
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A. Regular Diet 
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Figure 4. Measured methyl bromide concentrations in the flow-through chambers for cows 309 and 339 for 
the (a) regular diet and the (b) halide diet. Two sets of chamber air samples were taken for the regular diet 
experiment. One set of canisters was pressurized (solid square with solid line), and the other set was 
unpressurized (open slashed square with dashed line). The canisters used to sample the air just before entering 
the chamber (incoming air, triangle with dashed line) were unpressurized. Arrows represent each time the cow 
was fed. 

CHC13 concentrations, we ratioed peak areas to CH3C1 mass 
50 using the Scott standard. Finally, the fragmentation of each 
was accounted for with data from the literature to arrive at a 
concentration estimate [Mass Spectrometry Data Centre, 1974]. 

3. Results and Discussion 

The concentrations of CH3C1 measured in the chambers 
during the April 1996 experiments are shown in Figure 3. The 
regular diet experiment showed CH3C1 emissions of 1.48 mg 
d -• from cow 309 and 0.49 mg d -• from 339. With the halide 
diet, cow 309 emitted 1.4 mg d -•, and cow 339 emitted 0.41 mg 
d -• (Table 3). Individual data points from the June 1997 ex- 
periment are not shown here, but they were of very high qual- 
ity, and the 24-hour integration with (3) yielded emissions of 
0.86 and 0.57 mg CH3C1 per day for cows 434 and 956, respec- 
tively, as listed in Table 4. 

Methyl bromide concentrations measured versus time in the 
April 1996 experiments are shown in Figure 4. The halide diet 
experiment showed elevated CH3Br emissions with both cows 
309 and 339 with respect to the regular diet, i.e., 20.2 x 10 -6 
and 3.76 x 10 -6 g d -• compared to 6.89 x 10 -6 and 2.51 x 
10 -6 g d -• (Table 3). 

Data from June 1997 are not shown here but their quality 
exceeded those of April 1996 and the application of (3) to 
them yielded 24-hour integrated emissions of 1.04 x 10 -6 g 

CH3Br for cow 434 and no measurable emissions for cow 956 
in June 1997. 

Using a global cattle population of 1.3 billion, the calculated 
global source of CH3C1 from cattle is 0.23-0.70 Gg yr -•. A 
total annual global source of 3.5 Tg CH3C1 yr -• can be esti- 
mated by dividing the atmospheric burden (1.05 x 10 TM mol) by 
its atmospheric residence time (1.5 years). If our data for 
CH3C1 emissions from cows are representative of the world's 
1.3 billion head of cattle [United Nations, 1995], these animals 
would only be responsible for <0.02% of the total annual 
global source. Therefore cattle are not a significant source of 
methyl chloride. Despite elevated emissions with added bro- 
mide, the calculated range for the CH3Br source strength from 
cows, (1.2-10) x 10 -3 Gg yr -•, is not significant considering 
total sources of -205 Gg yr -•. 

Dimethyl sulfide (DMS) showed elevated concentrations im- 
mediately following each feeding in both April 1996 experi- 
ments for both cows (Figure 5). The emission rate of DMS for 
cows 309 and 339 was 2.43 x 10 -• and 2.26 x 10 -• g d -•, 
respectively, for the regular diet and 2.12 x 10 -• and 1.72 x 
10 -• g d -• for cows 309 and 339, respectively, for the halide 
diet (Table 3). Chloroform (CHC13) also showed elevated con- 
centrations as graphed in Figure 6. The emission rates of 
CHCI 3 for cows 309 and 339 were 0.85 x 10 -3 and 3.23 x 10 -3 
g d -•, respectively, for the regular diet and 0.283 x 10 -3 and 
1.52 x 10 -3 g d -• for cows 309 and 339, respectively, for the 
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has estimated that total global DMS emissions are 19-54 Tg S 
yr -•, with oceanic emissions exceeding those from soils and 
terrestrial plants by more than a factor of 10. Accordingly, 
northern hemispheric (where most cattle are) emissions should 
be (3.7-10) x 10 •3 g DMS yr- • or --•300-900 times those from 
cattle. 

A global source strength calculated for CHC13 with the reg- 
ular diet is 0.403-1.53 Gg yr -•. Penkett [1982] estimated the 
total anthropogenic source of CHC13 to be 15 Gg yr-•. Night- 
ingale et al. [1995] and Khalil et al. [1983] estimated a global 
oceanic source of 90 Gg yr -• and 360 Gg yr -•, respectively. 
Therefore the global impact of CHC13 from cattle is not sig- 
nificant compared to that of other anthropogenic and oceanic 
sources of CHC13. Because atmospheric amounts of C2HsX 
(X = C1 or Br) are not known, it is not clear if emissions from 
cattle are significant sources for the atmosphere. 
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Figure 5. Measured dimethyl sulfide concentrations in the 
flow-through chambers for cows 309 and 339 during the exper- 
iment with the regular diet. One set of canisters was pressur- 
ized (solid square with solid line), and the other set was un- 
pressurized (open slashed square with dotted line). The 
canisters used to sample the air just before entering the cham- 
ber (incoming air, triangle with dotted line) were unpressur- 
ized. Arrows represent each time the cow was fed. 

regular diet and 0.283 x 10 -3 and 1.52 x 10 -3 g d- • for cows 
309 and 339, respectively, for the halide diet (Table 3). Com- 
paring the results between the regular and halide diet, both 
cows showed greater emissions of DMS, CHC13, and CH3C1 
when on the regular diet. 

In both experiments with cow 309 we observed elevated 
concentrations of chloroethane, C2H5C1 , and bromoethane, 
C2HsBr, but we did not quantify the daily emissions of these 
compounds. In the June 1997 experiments we did not attempt 
to measure DMS and chloroform but we did detect and quan- 
tify C2HsX (X = C1 or Br). Cow 434 emitted 0.5 mg C2HsC1 
and 0.03 mg C2HsBr per day, while cow 956 emitted 0.05 mg 
C2HsC1 and no C2HsBr; see Table 4. 

The calculated DMS source strength from cattle with the 
regular diet is --• 110 Gg yr -•. It is not sensible to speak in terms 
of a global atmospheric budget of DMS; its atmospheric life- 
time is significantly shorter than the time required for trans- 
port across the equator, so that one should consider hemi- 
spheric scales at most in analyzing its budget. Andreae [1990] 

Cow#309 

3.5 ' ' ' [ ' ' ' • ' ' ' • ' ' ' • ' ' ß , ' ' ' , ' ß ' • ß ' ' 

3 • - chamber 

-6- -incoming air 
2.5 

2 

1.5 

1 

0.5 • 

10:00 13:20 16:40 20• •:• 26:• 30:• 33:20 36:40 

Time of Day 

ß ß , i , i ! i I 

chamber 

- -ffi- ' chamber 

- -6- - incoming air 

Cow#339 
' ß ß i . ß ß i ß ß . i . , . i ß ß ß i 3.5 

• 2 / "', 
i I I i 

• 1.5 , 

•') / I II I 
0.5 •,' • , 

i 
, , . I , , , I v, . , • , , , • . . , • . . • I • • • • • 

0 • 

10• 13:20 16:40 2• •:• 26:• 3• 33:• 36:40 

Time of Day 

Figure 6. Chloroform concentrations for cows 309 and 339 
during the experiment with the regular diet. One set of canis- 
ters was pressurized (solid square with solid line), and the 
other set was unpressurized (open slashed square Mth dotted 
line). The canisters used to sample the air just before entering 
the chamber (incoming air, triangle with dashed line) were 
unpressurized. •rows represent each time the cow was fed. 
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4. Conclusions 

For the field of atmospheric chemistry the most important 
results of this project are for CH3Br and CH3C1. Our results 
show that emissions from cattle are not a significant source of 
atmospheric CH3Br, so that we must continue to seek other 
sources of about 70-90 Gg yr- • [Yvon-Lewis and Butler, 1997]. 
In addition, emissions of CH3C1 from cattle were not a signif- 
icant source. 

In conclusion, this paper indicates that global emissions of 
CH3C1 and CH3Br from cows are not important sources for the 
atmosphere and that DMS from cows may be of interest to 
regional atmospheric chemistry. The emissions of CHC13 and 
DMS that we detected from cows are probably not of global 
atmospheric interest, but they may be useful indicators of pro- 
cesses important to those who study animal nutrition and ru- 
minant microbiology and biochemistry. Dimethyl sulfide emit- 
ted from cattle may also be of interest to those studying 
regional atmospheric chemistry near feedlots. 
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