J. KOSAE Vol. 21, No. E 3(2005) pp. 75~85
Journal of Korean Society for Atmospheric Environment

Sensitivity Study of the Flow—-through Dynamic Flux Chamber
Technique for the Soil NO Emissions

Deug-Sco Kim*
Atmospheric Environmental Research
Department of Environmental Engineering, School of Engineering
Kunsan National University, Kunsan, Chonbuk 573-701, Korea

(Received 1 August 2003, accepted 7 September 2005)

Abstract

A mathematical sensitivity analysis of the flow-through dynamic flux chamber technique, which has
been utilized usually for various trace gas flux measurement from soil and water surface, was performed
in an effort to provide physical and mathematical understandings of parameters essential for the NO flux
calculation. The mass balance equation including chemical reactions was analytically solved for the soil
NO flux under the steady state condition. The equilibrium concentration inside the chamber, C,g, was
found to be determined mainly by the balance between the soil flux and dilution of the gas concentration
inside the chamber by introducing the ambient air. Surface deposition NO occurs inside the chamber when
the C,, is greater than the ambient NO concentration (Cy) introducing to the chamber; NO emission from
the soil occurs when the C, is less than the ambient NO concentration.

A sensitivity analysis of the significance of the chemical reactions of NO with the reactive species (i.e.
HO,, CH;0,, O5) on the NO flux from soils was performed. The result of the analysis suggests that the NO
flux calculated in the absence of chemical reactions and wall loss could be in error ranges from 40 to 85%
to the total flux.

Key words : Sensitivity analysis, Flux measurement, Flux chamber technique, Flow-through dynamic
chamber, Soil NO emission

phere. Moreover, the atmospheric concentration of
hydroxyl (OH) radical is mainly regulated by NO,
concentration and the temporal and spatial distribu-
tion of OH has been shown to be sensitive to the
level of NO, in the atmosphere (Kim et al., 1994;

1. INTRODUCTION

It is essential to understand the tropospheric chem-
istry of the oxides of nitrogen (NO, = NO-+NO,) in

relation with the production of photochemical oxi-
dants and its spatial budget because NO, is the
precursor specie and essential in the photochemical
formation of ozone in the urban and rural atmos-
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Liv et al., 1987).

In urban areas, oxides of nitrogen are emitted into
the atmosphere primarily by anthropogenic sectors,
such as combustion of fossil fuels and biomass
burning (Logan, 1983). However, in rural areas soils
may be a significant source for the atmospheric
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NO,. Yienger and Levy (1995) have reported, based
on their empirical model results that soil emissions
can account for up to 75% of the total NO, budget.
Land use by mankind is having a significant impact
on global soil NO, emission. NO, emission from
soils also exhibit highly spatial and temporal variab-
ilities because there are many variables controlling
the NO, emission from soils, such as soil moisture
contents, soil temperature and soil N contents (Kim,
1997a, b; Johansson and Sanhueza, 1988; Johansson
et al., 1988; Anderson and Levine, 1987; Williams
et al., 1987; Slemr and Seiler, 1984). NO, emitted
from soils are produced by nitrification, the oxida-
tion of organic nitrogen and (or) ammonia to nitrate,
and also produced during denitrification of nitrate.
The more nitrogen that is being cycled through the
system, the greater quantity is converted into these
gases and emitted from the soils (Smith et al.,
1998). Kim and Kim (2002) have reported that soil
N content and soil NO emission increased signifi-
cantly after applying N fertilizer to agricultural field,
and suggested that cultivated land could be larger
source than any other anthropogenic source, attri-
buted to the use of synthetic nitrogen fertilizers. An-
thropogenic sources are generally confined to small
geographic areas and can be well quantified. On the
other hand, natural sources of NO,, principally
lightning and emission from soils (including agricul-
tural fields), are more wide spread and less intense
making quantitative estimation much more difficult
(Kim er al., 2002; Kroeze and Mosier, 2000;
Williams et al., 1992). There is a recognized need
for improved understanding of the factors responsi-
ble for high variability observed in measurements of
NO soil emissions in order to reduce uncertainties
in global budgeting efforts (Davison and Kingerlee,
1997; Matson, 1997; Kim et al., 1995; Kim and
Aneja, 1994).

For the photochemical modeling study it is impor-
tant to make a good estimation of NO, emission
from soil because of the source significance of
biogenic soil including agricultural sectors, espe-
cially over the large rural areas. Therefore the great
number of field measurements data sets of NO soil
emission over various soil characteristics and loca-
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tions are desirable for the regional basis photo-
chemical modeling, and it is crucial to improve the
NO emission input data for obtaining appropriate
model results. In order to make highly qualified
emission data sets, the soil NO flux measurement
technique has to be fully understood with sound
scientific background and carefully conducted at the
field sites.

Several techniques have been utilized to measure
the NO emission flux from soils including flow—
through dynamic flux chamber method, gradient
method and eddy correlation methods. Many pub-
lished studies of NO, soil flux measurements (Kim
et al., 2002; Kim, 2001; Li et al., 1999; Roelle et
al., 1999; Kim, 1997a, b; Kim et al., 1995; Kim and
Aneja, 1994; Kim et al., 1994; Johansson and
Sanhueza, 1988; Anderson and Levine, 1987; Parrish
et al., 1987; Williams et al., 1987; Slemr and Seiler,
1984) have relied on the flow-through chamber
technique. Inter-comparison analysis between the
flow—through dynamic chamber method and gra-
dient methods indicates that the results from cham-
ber method agree well those from gradient method
(Kaplan et al., 1988; Parrish et al., 1987).

There are a few theoretical reviews of the flow-
through dynamic flux chamber technique in which
the simple steady state solution of the NO mass
balance equation maintaining inside the flux cham-
ber was determined (Kaplan et al., 1988). In order to
solve for the steady state solution of the equation it
is important to understand both the physical system
and theory behind the flow-through dynamic flux
chamber method. To simplified the solution, the
final formula for the calculation of the soil NO flux
with field measurement data has been derived under
the several assumptions as well as state condition.
For instance, the effects of the chemical reaction of
NO with other reactive species on soil emission are
generally ignored in the flux calculation. However,
during the measurement, in the real atmosphere near
the ground chemical reactions in the flux chamber
may be crucial since the presence of primary reac-
tants (oxidant species) such as ozone (O;) and
hydroxy! peroxide (HO,) near the ground still exist
and change the NO concentration inside the cham-
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ber by oxidation. This will make increase the un-
certainty of the NO flux calculation without consi-
dering the chemical reactions of NO near the sur-
face. Therefore it is critical to examine whether soil
NO emission calculated without considering the
chemical loss reaction of NO is valid with certain
uncertainty or not. In this paper, the physical system
and theory behind the flow-through dynamic flux
chamber method were examined and reviewed, and
the new calculation flux formula introduced with
considering the most important chemical reactions
and discussed the uncertainties accompanied with.

2. SYSTEM OF THE FLOW-THROUGH
DYNAMIC CHAMBER

A schematic of the dynamic flow-through flux
chamber is illustrated in Fig. 1. General descriptions
of the chamber system are as follows. The chamber
lined with 5 mm thick fluorinated ethylene propy-
lene (FEP) Teflon is used to measure NO flux from
the soil. The translucent chamber (volume of ~24
L) fits gas—tight inside of a stainless steel metal
ring, which is driven into the ground to a depth of
~10cm (see Fig. 1). Ambient air, which is used as
a carrier gas, is pumped through the chamber at a
constant flow rate (Q L/min). The air inside the
chamber is mixed by a motor—driven Teflon stirrer.
Teflon tubing (1/4 inch O.D.) is used to connect the

Flow controller

Q

chamber and analytical instrumentations. Entire
measurement system is coated by Teflon, or is com-
posed of stainless steel to minimize further chemicat
reactions with the sample stream. Sample line
connecting the chamber and instrumentation does
not exceed 10 m, and sample residence time in the
sample line is approximately less than 5 s. It makes
sure the size of the outlet port on the chamber en-
sures that there were no substantial pressure differ-
ences between the outside atmosphere and the air
within the chamber. NO concentration in the sample
and the ambient air are monitored by two separate
NO chemiluminescent analyzers (TECO 428, Ther-
mo Environmental Instruments Inc.). The instru-
ments are periodically calibrated (once a week in
normal condition) at the field site.

3. FLUX CALCULATION METHODOLOGY

3.1 Mass balance equation with chemical loss
in the flux chamber
Using the flow-through dynamic flux chamber
(Fig. 1), ambient air is drawn through the chamber
of volume, V, at a given flow rate, Q. The mass
balance equation for NO inside chamber (Kim et al.,
1994; Kaplan et al., 1988) is given by

(@) (8
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Fig. 1. A schematic of the flow-through dynamic flux chamber used for measuring the soil NO emission. The all
internal surface of the chamber are coated with fluorinated ethylene propylene (FEP) Teflon.
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A soil surface area in the chamber; m™

V  volume of the chamber; m™®

h inner height of the chamber (= A/V); m

Q constant flow rate through the chamber;
m’s™!

J NO emission rate; ppb m s~

[C] NO concentration in the chamber; ppb

[C], ambient NO concentration (at the inlet); ppb

[C]; NO concentration at the outlet; ppb

L wall loss rate in the chamber per unit area
assumed first order in [C]; m s™!

R chemical loss (or production) by chemical

reactions in the chamber; ppb s™'.

1

Assuming a well-mixed chamber, the NO con-
centration at the outlet of the chamber, [C];, is close
equal to the concentration inside, [C] so that [C]=
[Cly.

In order to solve the mass balance equation (1) for
soil NO emission, the chemical loss rate, R, in the
mass balance equation should be considered. The
following important chemical reactions relating
with NO chemistry in the atmosphere might be
considered for the flux calculation (Pitts and Pitts,

1986);

NO+HO, — OH-+NO, (a)
I -1

k, =83 x 1077 cm® molecules™ s

NO+RO, — RO+NO, (b)
1 -1

k, =7.6x 107" cm® molecules™ s

NO+OH+M — HONO-+M ©

k, = 6.8x107"2cm® molecules™ s

NO+RO — RONO (d)
1 -1

ks =3.0x 107" cm® molecules™ s

NO+0, —  0,+NO, ©)
k; = 1.8 x 107 cm® molecules™ s~
NO+NO, — 2NO, )

k¢ =3.0x 107" cm® molecules™ s
Reaction (¢) and (d) do not permanently remove
NO from the atmosphere since photolysis of HONO
and RONO reforms NO in the system. The first
approximation could be made that only reaction (e)
and (f) are considered while the others can be
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neglected because the background concentration of
O; and NO; are relatively higher than those of other
radical species (i.e. HO,, RO,, OH, RO) under the
rural atmosphere. Reaction (f) may be more impor-
tant at night time because the NO; level during the
night is higher than those during the day. Since O,
and NO; concentrations near ground surface sharply
decrease due to surface deposition on to the ground
and vegetation, the destruction rate of NO by these
chemical species may be also small near the surface
where the flux measurement is made. However, a
conservative assumption to include most important
chemical reactions of NO could be accepted since
measurable O; concentration (~ 10 ppb) has been
found near surface, and vertical profiles of the radi-
cals are almost constant in the troposphere (Warneck,
2000). Therefore, the loss of NO through these chem-
ical reactions inside the chamber may affect soil NO
emission. Therefore the chemical loss term in the
mass balance equation (1) remains to improve accu-
racy of the estimation.

Total loss of NO by chemical reactions can be
written as follows;

R=— (_ZlkiRSi)[C] )

i=

where n is the number of chemical reactions involv-
ing NO, k; is the corresponding reaction rates for the
reaction (a) through (f), RS; is the concentrations of
the reactant species in the reactions, and [C] is the
concentration of NO in the chamber. The mass bal-
ance equation (1) now becomes;

ACI_ (1, 0ICk)

dt h v
(2 + L3 )
(3 5 T2 khs, ) ic) )

The solution for the NO concentration at a given
time, C (t) of the mass balance equation (3) is given
by

cw=(1c— Lot B )
_0. L& _J 0IC
wherea—v—l— P +3 k;RS;and B = h-l— v

i=1

are assumed to be independent with time. Note that
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regardiess of o, the value of coefficient of exponential
term, C(t) approaches % as t approaches approach-

es oo, It means that NO concentration in the cham-
ber, C(t), approaches a constant value of /o with
time. After a certain length of time, NO concen-
tration in the chamber will reach the constant value
(Ceq=P/); so called an equilibrium state (or steady
state). This result gives us an idea, if Co> B/, math-
ematically NO concentration in the chamber C(t)
decrease with time; while C(t) increases with time if
Cy>B/o. Fig. 2 shows the time change of the NO
concentration in the chamber, C(t) depending on the
equilibrium concentration (C.,). Based on the ana-
lytical solution, deposition of NO will then occur if
the near ground ambient NO concentration is higher
than the equilibrium value, f/0. (= C,,); and emis-
sion from the surface will occur if it is below B/a.
At the equilibrium state, there are no formation and
no destruction of NO. It means that the rate of NO
formation equals the rate of destruction at this
concentration (C,). Physically, this behavior means
that soils will act as a source or sink for atmospheric
NO depending on the ambient level of NO near the
surface. The concentration C,, is sometimes called
the NO compensation point (Conrad, 1994; Kaplan
et al., 1988; Johansson and Granat, 1984). The exis-
tence of NO compensation point has frequently
been observed in the field (Kaplan ef al., 1988;
Johansson and Granat, 1984; Slemr and Seiler,
1984). Slemr and Seiler (1991) reported that NO,
emission flux from soils in field conditions has only
been observed at atmospheric mixing ratio of NO,
ranging below ~ 16 ppb.

o is a parameter which depends both on the trans-
fer resistance in soil and air and losses in the cham-
ber due to chemical reactions. The NO equilibrium
mixing ratio is determined mathematically by the
balance between soil emission of NO into the cham-
ber and dilution by the flow through the chamber.

3.2 NO flux calculation
The solution of mass balance equation (4) can be
rewritten as follows:

Gy
= Cp>Cyy = Bren)

Q

Blo
Cp< Coy (=Bl

Gy

Time t*

Fig. 2. Change of NO concentration in the chamber with
time. C, is the initial concentration of NO at the inlet
of the chamber and C., (= p/o} is the equilibrium
concentration. t* is the time to reach a steady state.

p—oaC() _ oo
B—olC),

Solving the equation (5) for the flux of soil NO, J
becomes:

)

J=n [ <g‘ + % +i§‘k,:e5i> (ifr) ~ [C]Oefa,>
—é€
-2 [qo} .

As time approaches infinity, J becomes as fol-
lows:

Q L ) )
=h <— — + X kRS, }C(e0) — = 7
J {V+h+i:l,,() v [Ch )

In the equation (7), C(e0) is to be the equilibrium
concentration of NO in the chamber; C(e0) = C,,.
The solution for the flux could be called a steady
state and is given by

Q

_ Q.- _ L ¢
J—h( (e (€l +(3 tglkiksi)ceq} ®)

If the losses by chamber wall and chemical reac-
tions are neglected, J simply becomes

J=h { % (cﬂ, - [C]O>} ®
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This simple steady state solution under assump-
tions of no chemical losses and no uptake by the
chamber wall, has been used to calculate emission

flux of NO from soils in most field studies (Davidson -

et al., 1991; Shepherd er al., 1991; Slemr and Seiler,
1991; Williams and Fehsenfeld, 1991; Johansson and
Sanhueza, 1988; Johansson et al., 1988; Parrish et
al., 1987; Williams et al., 1987; Johansson and
Granat, 1984). To examine the significance of the
chemical loss terms, the NO flux calculations have
to be compared with and without the chemical
reaction terms. It could be possibly underestimate of
soil NO flux without considering chemical loss
reactions and uptake by wall. This may result signi-
ficant errors of natural NO emission inventories
over large scale areas for the model estimation. For
this reason, it is important to correct the soil NO
emission data, especially for use in a photochem-
istry modeling study on a regional basis.

4. SENSITIVITY ANALYSIS OF THE
CHEMICAL LOSS EFFECTS ON THE
FLUX CALCULATION

For the sensitivity analysis of the NO flux, time
changes of the NO concentration inside the chamber
have been calculated at given initial and field con-
ditions ([NO], = 0.2 ppbv, [O3] = Sppbv , Iy = 3
ng m2s ", and V=276L, h = 047 m) resulted
from a rural grassland field NO flux experiments,
SOS (Southern Oxidant Study) site SONIA (South-
eastern Oxidant of Nitrogen Intensive Analysis) in
Candor, North Carolina during summer season. The
changes of NO concentration inside the chamber
with time were compared and examined under the
different conditions. For the radical species concen-
trations to consider the chemical reactions involved,
such as OH, HO, and RO,, were referred from lit-
erature reviews (Warneck, 2000; Pitts and Pitts,
1986). A strong diurnal variation of HO, at clean air
site in Oregon was observed with a maximum dur-
ing the day of 2 x 10® molecules cm™ and a mini-
mum of 2 X 107 molecules cm™ at night (Hard et al.,
1992). The nighttime average concentration was

I 7|8 A A2 AE3E

~3x 10" molecules cm >, In order to calculate
chemical loss of NO by reaction with HO, near the
ground surface, the nighttime average of HO, was
assumed to be HO, number density near ground
surface. This estimate could be regarded as a con-
servative value for HO, at the surface. The number
density of CH;0,, 1.5 % 107 molecules cm™, was
used to estimate the loss reaction of NO by RO, in
the chamber. '

The loss effect of NO by Teflon coated-wall
reaction in the chamber was estimated, base on the
result from Kaplan’s total loss term experiment
(Kaplan et al., 1988). Wall loss term (L) was taken
from the difference between the Kaplan’s total loss
and the chemical loss we calculated. L of 0.02cm s™
was estimated and was one order of magnitude less
than deposition velocity of NO on soil or cement
surface.

Using the given information, the estimate of total
loss (L =L/h + ZK;RS;) by wall and the first order
chemical reactions of NO in the chamber was 0.185
min~!. Loss by reaction with O, appeared to be the
largest contributor to L, (72%). Loss by wall reac-
tion was the second largest contributor (16%); and
loss by reaction with HO, was the third largest
contributor (8§%) to total loss of NO. The remaining
loss effects are attributed to the reactions of NO
with RO, and OH.

Fig. 3 shows the time changes of the NO concen-
tration inside the chamber with the given conditions
at a constant flow rate (Q = 5 L min™"). The NO in-
side chamber for the different cases with and with-
out loss reactions were calculated and plotted as a
function of time in Fig. 3. The plot shows that the
concentration of NO reaches a steady state within
15 to 30 minutes and more quickly with the addition
of loss effects. The equilibrium concentration, Ceq,
decreases with the addition of loss effects; i.e. Cy
without any loss effects was ~ 1.9 ppb and C,, with
all loss effects was 0.9aerosol @plaza.snu.ac.krppb.
It implicates that the difference between the C,,
estimated with and without loss effects induces the
error in the NO flux calculation when the loss terms
are neglected in the mass balance equation of the
flow~through dynamic chamber system. In case of
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Time change of [NO] in the chamber

[NO] ppb

10 20 30 40 50 60

Time (minute)

—e—C(a) —e—C(b) —=—C(c) - C({d) ~—Cl(e)

Fig. 3. Plots of time rate of change of NO concentration in
the chamber calculated with and without chemical
loss reactions at 5 L min™' flow rate; C, without
any losses, Cy, with wall loss, C, with wall loss
and O, reaction, C, with wall loss, O, reaction and
HO, reaction, and C,, with wall loss, O, reaction,
HO, reaction, CH,0, reaction and OH reaction.

Q = 5L min"! NO flux calculated without consid-
eration of any loss terms (J,,,) was 1.3ng m™2 s,
while the flux calculated including primary loss
terms (Jyo) was 3ngm™ s~'. The results of the two
calculations suggest that as much as 55% total NO
flux from soil could be underestimated by when the
loss terms are neglected.

The equilibrium concentrations of NO (C,,) were
plotted as a function of increasing flow rates in Fig.
4(a) with and without wall loss and chemical
reaction terms in the chamber. C,, is physically
determined by the balance between emission from
soils and dilution from the air outside and deposi-
tion in the chamber. C,, decreases with increase
flow rate because the dilution effect becomes domi-
nant. C,, also decreases with the addition of the loss
terms in Fig. 4(a). The time required to reach a
steady state, t*, was also plotted as a function of
flow rate in Fig. 4(b). The trend is similar to C,
with flow rated. As flow rate increases, t* decreases

both with and without loss terms. The results shows’

that the time to reach a steady state takes less than
an hour when Q>4 L min~". The differences of Cyq
and t* between the values of with and without loss

10r (a) —e— all effects
—o— wall+0;+HO,
8t —— wall-+0,
. —— wall loss
= ~— w/o loss effects
o
E 6l
g
4 L
7l
O I I 1 ]
0 2 4 6 8 10
Flow rate, Q(L min~!)
2007 (b)
L —s— all effects
180 ~o— wall+0,+HO,
= 1601 —— wall+0;
E | —— wall loss
g 140 —— wjo loss effects
£ 1201
g 100
£ 8
2 60
[83]
40
201
0 . A " : -
0 2 4 6 8 10 12

Flow rate, Q(L min~")

Fig. 4. Plots of (a) equilibrium concentration of NO(C,,) in
the chamber and (b) time (t*) to reach steady state
as a function of flow rates (Q) at given conditions
of [NO], = 0.2 ppb [0,] = 5 ppb and flux at steady
state Jyo =3ng m2s.

terms drastically decrease with increasing flow rate,
and the differences are insignificant when Q= 10L
min”".

The sensitivity of the chemical loss on the NO
flux was examined as a function of flow rate and the
given set of initial conditions. Total flux of NO (Jyo)
was defined sum of ], (the first term in equation
(8)-no loss effects) and J,, (the second term in
equation (8)-with only primary chemical loss and
wall loss terms). Therefore, J,,, and J,, can be ex-
pressed as follows:

Ion= 5 (Co=11) (10)

J. KOSAE Vol. 21, No. E3(2005)
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1, =h { <h£ +3 1<,.Rs,-> C., J an
i=1
where i = 1,2, 3,4 and RSi is the concentration of
each reactant species in reaction (a), (b), (¢) and (e);
i.e. [HO,], [CH;0,], [OH] and [Os], respectively.
Physically and mathematically it is clear that soil
NO flux determined by the flow-through chamber
method is underestimated when the loss terms are
neglected. The ratio of J, to total flux of NO
(Jxo/Ino) indicates the error in the calculation of
total soil NO flux by neglecting loss terms. Fig. 5
shows the flux calculated with and without loss
terms as a function of flow rate through the flux
chamber system. J,, decreases with increase flow
rate. This is mainly due to the lower equilibrium
concentration in the chamber as Q increases. On the
other hand, J, increases with increase flow rate.
The range of the error (J/Jno) varies from 85% to
42% as the flow rate increases from 1 to 10L min™",
The result suggests that the error level is lessened
by increase flow rate. It is notified that the equilib-
rium concentration does not significantly change
when Q=10 L min~' in Fig. 4(a). The analysis
shows, when loss effects are neglected in flow
through chamber method, a significant error in total
soil NO flux could be resulted. Therefore, it is
suggested that NO flux from soils calculated with-
out consideration of chemical loss reactions of NO

Mass contribution
to the total flux (%)

1 2 3 4 5 6 7 8 9 10

Flow rate, Q(L min~")

Fig. 5. Effects of chemical loss of NO on the total NO
flux from soils. Total is sum of fluxes with (J,,,)
and without (J,,,) loss effects. Ratio J,,./Jio1a indi-
cates the error in total NO flux from soils.

o
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in the chamber should be corrected by addition of
T

In most cases, chemical loss of NO in the atmos-
phere results in the production of NO,. NO is usual-
ly converted to NO, by reaction with O; and HO, in
ambient air. Of course, the reaction of NO, with OH
radical is an important removal process of NO,
from the atmosphere. However, since the global
average number density of OH is 5 X 10° molecules
cm™3 (Warneck, 2000) which is much smaller than
number density of O, the loss of NO, by reaction
with OH in the chamber can be ignored. Thus NO,
flux from soils including NO, production by reac-
tion of NO with O, HO,, and RO, and wall loss
reaction may be also calculated as follows;

Jvor=h { £ woul,- [NOZJO)}

+h [% [NO:L,, — (& kRS,) [NO 1, }

i=1

=Jao T (12)

Resulting from field measurements, soil NO,
fluxes are approximately an order of magnitude
smaller than those of NO and sometimes reported
negative flux when chemical reactions are neglect-
ed. Calculated flux with chemical reaction, J’:_'g,i can
contribute either positively or negatively to total
NO, flux depending on the relative magnitudes of

the loss and production of NO, in the chamber.

5. SUMMARY AND CONCLUSIONS

The flow-through flux chamber method has been
used in field measurements of NO, flux from soils.
In many cases, however, chemical reactions and
wall loss inside chamber have not been thoroughly
considered in the process of flux calculation at the
field experiments. It is necessary to understand the
physical and mathematical background of the flow—
through dynamic flux chamber system in order to
specify the flux sensitivity by these loss effects. A
general flux calculation formula from the mass
balance equation was derived by considering the
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dominant chemical reactions, i.e. reaction of NO
with O3, HO, and CH,;0, in the chamber, and loss to
the chamber wall to determine the magnitude of
those effects on total soil flux.

The simple flux formula which has been used
usually in field measurements only applies to a
steady state with no consideration of wall and chem-
ical reactions in the chamber. The equilibrium con-
centration, C,,, is an important parameter in the
determination of the soil flux. C,, is physically
determined by the balance between emission from
soils and dilution from the air outside and depo-
sition in the chamber. NO deposits on to the soil
surface when ambient air concentration near ground
(Cyp) is greater than C,,; NO releases from the soil
surface when Cj is lesser than C,. It suggests that
the soil acts as a sink or a source for NO depending
on the balance between ambient concentration and
the equilibrium concentration.

Chemical loss effects on total NO flux from soils
were found to be significant in the sensitivity analy-
sis under a given field condition adapted from at
Candor, North Carolina during SOS-SONIA experi-
ment campaign. NO Loss by reaction with ozone
was the largest contribution to total loss of NO
(72%). Wall reaction loss was the second largest
contribution (16%) and loss by HO, reaction was
the third largest contribution (8%).

The system shows that C,, decreases with increase
flow rate because the dilution effect becomes domi-
nant. The time required to reach a steady state, t*,
decreases both with and without loss terms as flow
rate increases. The results shows that the time to
reach a steady state takes less than an hour when
Q=4Lmin"". The differences of C,q and t* between
the values of with and without loss terms drastically
decrease with increasing flow rate, and the differ-
ences are insignificant when Q= 10L min™".

The sensitivity of the chemical loss on the NO
flux was examined as a function of flow rate and the
given set of initial conditions. The range of the error
in total soil NO flux varies from 85% to 42% as the
flow rate increases from 1 to 10 L min~'. The result
suggests that the error level is lessened by increase
flow rate. The results revealed that the equilibrium

concentration does not significantly change when
Q= 10L min~!. The analysis shows, when loss
effects are neglected in flow through chamber met-
hod, a significant error in total soil NO flux could be
resulted. Therefore, it is suggested that NO flux from
soils calculated without consideration of chemical
loss reactions of NO in the chamber should be cor-
rected by addition of chemical reactions.
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