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Abstract

Determination of ammonia in air is complicated by

interference from particle-borne ammonium ions.

This problem can however be solved by utilizing the

well-known fact that when ambient air passes through
a tﬁbe, gas molecules diffuse much more quickly than
particles to the tube wall. The here presented methdd
is based on both theoretical considerations and

practical tests.
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INTRODUCTION

The ambient air continupusly receives ammonia primariiy
thfough the decomposition of organic material. Ammonia

may then react reversibly with acid airborne particles
which as a result will contain more or less acid ammonium
salts. The latter have been the subject of numerous in-
vesfigations: Ammonia in gaseous phase, on the other hand,
has béen studied only very sparsely. The reason is probably
the difficulty in developing measurement methods giving

a sufficiently low detection limit at the same time as

Preventing the results from being affected by the pPresence

of ammonium-~-containing particles.

So far no method has been described which fully meets the
above-mentioned requirements. Two procedures have, however,

been used.

OUne procedure is based on separating the particle phase
through filtration and absorbing the NH3-gas passing through
the filter in an acid medium (Shendikar and Lodge, 1975).

As will be shown below, this procedure can give incorrect

results.

The other procedure is based on the ability of fine pafticles
to pass through a solution without being washed out
(Hryniewiez, pers. comm.). As ammonium salts Principally’
form paft of fine particles, their content of ammonium will

thus be retained only to a very small part in the acid solu-

tion absorbing the gaseous ammonia. However, as a rule there

is a minor content of ammonium salts also in coarse particles.
Most of these remain in the washing solution which thereby
receives a contribution of ammonium ions not originating

from the gaseous phase.

However, there is yet another means of separating gaseous

and particulate phases. It is based on the fact that gas

diffusesmuch more quickly than particles. Using a sampling
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procedure based on this principle, a method for determination
of gaseous. ammonia (NH (g)) has been developed in our labora-

tory.

A -detailed description of the method itself will be given
below., It is followed by a discussion of the theoretical

prerequiéiteswineluding test results primarily concerning opti-

mlzatlon of the sorptlon eff1c1ency of NH (g) with simultane-

ous mlnlmlzatlon of partlcle dep081tlon on the sorbent.
Finally, a number of tests will be reported which were ini-
tially intended to determine the reproducibility of the mea-

surements in field conditions, but which also gave some un-

" expected results,

DESCRIPTION OF METHOD

-

Sofptien part of the sampling equipment

The sorptlon part of the sampllng equipment is made up of
a glass (pyrex) tube coated on the inside with a layer which
sorbs NH3'
The élaes tube 1s 50 cm long and has an internal diameter of
approximately 3 mm. The sorbent is oxalic acid, previously

used in this context by Shendrikarand Lodge (l.c.).

The coating is applied by sucking up a 1.5% oxalic acid
solution in methanol until it is 35 cm high in the tube and
then emptying it. Immediately. follouing fhis, dry, partlcle-
and ammonia-free air is pumped through the tube, whlch will
be dry after 2-3 s at an air flow of 10 1/min. After the
drying procedure,- the tube is sealed at both ends as fast

as possible with parafllm. In this shape, the tube can be
preserved ‘in room atmosphere without taking up any measurable

amount of NH3



Even if ‘ester formation between oxalic acid and methanol
occurs very slowly, it 1s recommended that a new solutlon
is prepared on each coating occasion.

The most simple way of removing NH,_, from the air used for

_ 3
L drying the coating is flltratlon through a filter impreg-

nated ‘With oxalic acid,

Sampling

The sampling tube is mounted vertically and connected on its uncoated

end to a funnel and on its coated end to a tubing leading

o

to the gas meter and pump, as outlined in fig. 1. Air is
‘vsucked thrOUgh the tube at a flow of 3 l/mln. Sampling is

discontinued after 24 h, the tube is closed at both ends

nith'parafilp and transported “to the laboratory for

analysis.

Analysis

The analytical procedure is based on dissolving the oxalic
ac1d layer w1th its content of ammonium ions and determi-

ning the NH amount in this solution using an ion specific

.

electrode. (Interferencelfrom amines, when present, can be

ayoided by using ion chromatography instead of the electrode).

¢ Diesolufion of the sorption layer is obtained through-

o sucking up 2 ml of a 0.1 M NaOH solution. Leaching.will take
only a few seconds. After emptying the leachlng solution
’1n a 10 ml beaker with a diameter slightly larger than the
electrodes, it is sucked up in the tube anew, and emptied
Back into the beaker. In this way, the liquid film remaining

, in the tube will have .the same concentration as the solution

in the beaker. A magnetic stirrer and an Orion electrode
85-10 are now introduced into the beaker. The system is
'slanted about 30° in order to pPrevent the attachmenf of

,;'air”bubhles on the membrane of the electrode. The electrode

e VT it ecire be e om b s e D ek e s
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will give a more stable signal if parafilm is wound around

the émpty space between the beaker and the electrode. The
magnetic stirrer is started, and as a rule, the emf can be read
after 3 min. At very low concentrations, however, the emf

will stabilize after a somewhat longer period. The time

of response can be shortened by placing the electrode

briefly in a buffer solution with pH = 4.

Tests have ascertained that the oxalic acid does not affect

the results.,

The chemical part of the method described above gives a

detection limit of 2 nmole per tube, which corresponds to
X 3 ] . v

a concentration of 0.5 nmole/m at the flow mentioned and

24 h sampling.
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THEORETICAL AND PRACTICAL EXAMINATION OF THE METHOD

General

In designing the sampling procedure, the aims were to optimize
the sorption process and minimize interference from ammonium-
containing particles. In principle, this meant solving the

following problems:

1, Choice of sorbent

ro

. Choice of the sorbent's surface concentration

Choice of tube dimensions

Choice of tube material

1

5, Choice of air flow

Examining sorption efficiency

When air is sucked through a tube the gas molecules will
collice with each other and with present particles, in the

same way as in the air outside the tube. They will also collide
with the tube wall. If this wall is coated with a substance
éble to act as a sorbent of ammonia, a fraction of this will

be retained on the sorbent. The magnitude of this fraction is
dependent on several parameters, among others the nature and
surface concentration of the sorbent as well as the dimension
of the tube and the air flow. The choice of these parameters
was made by means of the considerations and tests reported

below.

Two substances have formerly been used as sorbents of NH3,
namely oxalic acid, H2C204, and phosphorous acid, H3P03.
Both are very effective. However, it has been found that the
low point of deliguescence of phosphorous acid is a dis-

advantage, at least in sampling of longer duration.

The sorption efficiency of such coated tubes was the subject

of a closer examination. The theoretical point of departure
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was an expression given by Davies (1966) for a perfect
sorbent. In our case, such a sorbent will reduce the partial
pressure of ammonia at the tube wall to zero. The expression

is.as follows.

%3 = Q§819exp(—14,62724)+o.0976ekp(89.225)+o.01896exp(—212A)...(1)

Az Do L ’ ‘ cee e (2)

In these equations.

-

¢ © mean concentraticn in gas emanating from the tube
cc = concentration iIn incoming gas
D = diffusion coefficient

L = length of tube (here 35 cm)

d = Internal dlameter of the . tube
Y = kinematic viscosity of the gas
Re = Reynolds number

Furthermore, it is known that

Re :______ ‘ - ’. ceeeea(3)

and

v =2 | ceees ()
v - |

where .

AG the mean velocity of the gas

the deﬁsity'qf the gas

i1

the dynamic viscosity of‘the>gas
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If, finally, instead of v, the flow F is introduced where
‘ . - . 2 - . .
F=v .U « () v . (5)

a~more simple expression for the function 4/ will be obtained

4T - . (8)

Determination of was carried out in the following manner:

olon

o}

Ammonia containing air was first sucked through a sampling
tube- and then through a filter holder loaded with an oxalic
acid‘impregnated Whatman 40 filter. Ammonia was obtained from
a pepmeation tube. The ammonia’concentration and the r.h. of
the air were regulated with a dilution system. Sampling time
was 2 h and temperature 22%%. The filter was found to havé
100% sorption efficiency at all flows used independent of“
the r.h. of the air., In spite of great cautiop, the filters
usually contained a background amount of about 25 nmole of
ammonium. For this reason, it was found to be better to use
a second sampling tube instead of a filter when only small
amounts left the tube. The resultsof these méasurements are

summarized in Table 1.

When an impregnated filter was used, the sorption efficiency

e was calculated from

e = ' : e (D)

93]
+
o’

where a 1s the amount of NH8 sorbed in the first sampler
(tube) and b is the amount sorbed in the second sampler

(filter).

When two tubes were used in series, e was calculated as follows:
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Assume that ¢ nmoles of NH3 have

entered the first tube,

of which a nmoles have been sorbed. Thus, in the second

tube, c-a nmoles are introduced.

Of this, b 'nmoles are

sorbed. Consequently, the sorption efficiency e can be

ex¥pressed

of
o

The determination of

th
*-‘Q
5
0

in two series. The

(D .

t comprised ¢

L I I S (8)

e sorption efficiency was carried out

(D
t

e

]

minations of sorption

fficlency at varying flow and "ammonia concentration but with
the same kind of sorbent layer. This was achieved by means

1.5% oxalic acid solution in methanol in a procedure pre-

riously described. Methanol has beern found to be the solvent

which, through its rapid evaporatior at room tem erature
H b

has given the most even coating.

In the second series, the flow w

ammonia concentration was varied

o

tube, more concentrated oxalic
an H3PO3 solution were used.

It was then examined whether the
equation 6 and if, consequently,

erfect or imperfect.
P

A\ was calculated from eguation 1

The resultsof these measurements

A diagram showing. as & function

as kept about constant., The
anc for the coating of the

cid solutions as well as

data obtained satisfied

the sorbents concerned were

anc

olor

from 1l-e.
o)

are summarized in Table 1.
hl —Q
of :?r— is given in Fig. 2.
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The equation of the corresponding regression line is

6.80 + 10 8 .

]

- 0.0018 (r = 0.989, n = 10)

-

e}

The slope cf the line gives

D= 2.47 * 10 m /s

5

; : - 2 . . ,
The value 2.36 * 10 m~ /s has been given as diffusion

coefficlient of ammonia in air at 1 amt. and 25°¢C (Coulson and

Richardson, 1954).

The agreement obtained shows that in all tests at laminar flow

reported in table 1, perfect sorption was likely.

From table 1 it can first and foremost be seen that the sorp-
tion efficiency drops initially with increasing Reynold's
number, reaches a minimum at Re = 2300, then rises again. As
the gas flow can be considered to be laminar for Re< 2000 and
turbulent for Re > 3000, the sorption minimum seems *o occur in

the transition from laminar to turbulent Fflow.

As will be shown in the next section, only laminar flow is of
interest in this context. Both detection limit, particle
deposition and sorption efficiency decrease when the flow in
the laminar interval increases., However, the sampling is
desired to give a detection limit and a particle deposition

as low as possible at a reproducible and acceptably low
sorption efficiency. The lowest acceptable sorption efficiency
was chosen to be 90%. According to table 1 it corresponds to

a flow of about 3 1/min.

As can be seen from table 1, the measurements of the zorption
efficiency described above were carried out for relatively

high ammonia concentrations (500-3000 nmole/mg). However,
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the corresponding measurements were alsc made under
completely realistic conditions using ambient air. The

. . . v A 3
ccncentration range in this case was 2-18 nmole/m~ and

w

the sampling time was 24 h. Two identically prepared

sorption tubes coupled in series were used.

The ambient temperature in this test was about 0°C. The
fubes were placed in a box with a few degrees higher
temperature. The sorption efficiencies were calculated
from equation 8.

m>,
4

re results of the eight tests are shown in table 2.

The values in table 2 give a mean value of the sorption

SO

ficlency of 90.5 ¥3,7

)]
Fh

, 1.e. in good agreement with that

previously obtained (9¢.6% at 2.94 1/min., table 1).

Ir. parallel with the above measurements, the sorption
efficiency was investigated at a turbulent flow (10 1/min.).
The particle phase was filtered off with a 25 mm membrane

filter (Fluoropore FALF) pricr to sampling. of the gas phase.

Ir this test, a sorption efficiency of 93.3 11.5% was obtained
(table 2). This is in good agreement with the laboratory test
(25.6% at 10.8 1/min., table 1).

Investigation of particle interference

Interference from particles may occur in two different ways.,

1) The particles may release NH3 since, when passing through
the tube, they will be in an atmosphere with lower partial
pressure of NH3 than that of the ambient air. This may re-

sult in measurements giving too high values.

N>
~

The particles themselves may be deposited on the tube wall.

This too may lead to values that are *oo high.
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As will be shown below, these interferences can be limited

~to values of the same order of magnitude as those caused by

analytical-chemical factors.

Rééarding the first type of interference it is to be expected
that a contribution, if any, from particles via the gas phase

must bé.very smali, as the residence time of the particles in

ithe tube at a flow of 3 1/min. is only - 0.05 s. The interference

in question can also be determined directly, using equation (8).
If the sorption efficiency is measured in the presence and
absence of particles by means of tubes coupled in series,

we will get

Without particles:

4 a . b '
e =&~ & ' et (9)
g :

g

With particles:

a +a_ - (b +b_ ) a
. - g p g P~ .’g g ,’p7p | (10)
a
g

a +a
g P p. g P

g indicates here sorbed ammonia deriving from the gas phase

and(p indicates ammonia originating from the particle phase.

The NH4+ content of the particles is mostly sufficiently large

not to be completely consumed due to release of NH.,, during

. 3
passage through the tubes. As the partial pressure of ammonia
is lower in the second than in the first tube, the amount of

ammonia released from the particles and sorbed in the first

tube (ap) must not exceed that sorbed in the second (bp).

+

This implies

e gp < s . o S Ceeeneee. (11)
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An example may be appropriate. Assume that the sorption

efficiency in one case .for particle-free gas is 90%.

Assumé further that in the presence of particles, 10% of

the ammonia in the first tube derives from these, i.e.

o
n

0.1 + a2 )
(ag 5

n

0.9 (a + a

Assume finally that

which is a permitted approximation. In that case,

0.9(a +a_ ) - 0.1°0.9(a ta )
e . = € P E_E = o,81
ETp (a_+a )
D g

The sorption efficiency in the presence of particles is thus

81% whereas in the absence of particles it is 90%.

ft.has previously been shown in a field test (table 2) fhat
ambient air gave a sorption efficiency_close to that obtained
for particle-free air (table 1). These experiments show that
the interference from particulate NH_e~release during sampling

3
is small and likely to be negligible here.

The second type of interference occurs when the particles
themselves are deposited on the tube wall. This occurs for a

number of reasons, primarily

,. 1. Electrostatic attraction

2. Turbulent flow
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These two effects can be minimized by using suitable tube
material and ensuring that the flow is laminar. But also at

laminar flow, particle deposition may occur as a result of

3. Diffusion

4, Gravitation

Deposition of particles in tubes of different materials has
been investigated by Steen and Andréasson (1973). They found
that the particle deposition in the size range 0.3-13 pm was
least for glass. On the basis of these findings, glass was

used as tube material in all tests reported here.

Laminar flow is obtained when

-~
3

L>0.05 ¢« d + Re
Re < 2000

o

where

L = the distance necescsary for the gas to be transported
to create a laminar flow. L is thus the part of the tube

which is not coated with a sorbent, as described above.

It is further necessary that the flow i1s constant (constancy
is obtained through placing a gas meter between the pump

and the glass tube).

However, deposition of particles occurs on the tube wall
at laminar flow through diffusion as a consequence of

the Brownilian molecular motion.

According to Fuchs (1964) this can be expressed

= 2.56 p2/3 - 1.2 p - 0.177 pu/a

Sl’d
(o]

Leeeess (13)

T -

D
= ( = 4/ according to equation 6)

=
n

. (12)
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where

()
1

= diffusion coefficient of the particles
n = original number of particles per unit volume of air

n = number of particles per unit volume of air deposited

on: the tube wall,

Thus tﬁe'deposition by diffusion is reduced when the flow

through the tube increases.

The particles may deposit on the tube wall through the
force of gravitation as well. By using Stoke's formula it
is easily shown that the portion of the particles deposited

in a horizontal tube is

- g ' e (1)

wvhere g is the gravitation constant and? is the relaxation
time. The relaxation time is the time needed fcr a particle
to adapt itself to an applied force. It is derived from

Ve = g 22 = g¥

e, (13)

where

Vs is the terminal velocity of a particle of the radius r

falling in a gas due to gravity.

" Particle deposition as a result of gravitation thus declines

with increasing flow and reduced tube diameter.

. n
The particle deposition (H_) as a function of the particle

. 1% . .
diameter ‘was calculated both for the diffusion case (equation
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13). and the gravitation case (eguation 14).Required values
for D and Twere taken from Fuchs (l.c). The result is shown

in fig. 3.

Fumerous field measurements have shown that the mass of
particle-borne ammonium ions is normally associated to an
extentfof 80-90% to particles< 4 um. It is small for particles
<= O;i'pm as the total mass of these fine particles is small.
In the light of this, it is of interest to examine the

curves in fig. 3 for the particle size range 0.1 - 4 um. As
can be seen optimum conditions (lowest %— value) prevail at

¥ 0.5 pum. At horizontal placement of theosorption tube,
deposition increases rapidly with increasing particle size.
This source of error may however be almost fully eliminated

by placing the tube vertically.

Deposition as a result of diffusion increases with decreasing
particle diameter in order for the ammonia molecule (r = 1.54
to reach a value for %— of near 0.90. Thus, it is of interest
in this context to detgrmine the order of magnitude of the

errocr which may be caused by diffusion.

In the particle size range O0.1-4% pum, NH4+ concentrations
observed in Sweden are normally 10-400 nmole/mg. For an
average concentration of 400 nmole/mB, %— must consequently
lie at %6% = 1.25 ¢ 10—3 in order for thg deposition to be as
large as the previously mentioned analytical detection limit
(0.5 nmole/mg).

The value 1.25 ° lO_3

has been introduced as a line in fig. 8.
ts can be seen, this line intersects the deposition curve in

question at a particle diameter of 0.1 pm.

The above information may thus be summarized as follows.
Lt the conditions given above and with the sorption tube in
vertical position, together with maximum observed particle-

borne ammonium concentrations the tube wall may be expected
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to receive a maximum NHu addition of the same order of

magrnlitude as the analytical detection limit.

sts were made for the purpose of experimentally verifying
bove theoretical conclusion concerning the deposition

-determination.

a
of the particle phase during NH3

Three:éamplers were mounted as shown in fig. 4 in which

the air passes a funnel, an uncoated tube and a filter.
Then the ammonium deposition was determined in the funnels,
in the lower 15 cm and in the upper part of the tubes as

well as on the filters.

As only a small part of the particle phase could be expected
to be deposited in the tubes, the test was run for abou=*
two weeks, and 1 m long tubes were used. The results are

~

given in table 3.

The mean value of the NHu+ deposition in the critical part
of the tube (35 cm) obtained with probes 1 and 2 is 0.085
nmole/msat a particulate NH4+ concentration of approx.

77 nmole/ma.

. + ) .
If the particulate NHq concentration at the same particle

a
2
size distribution had been 400 nmole/m  (extreme value)

the corresponding deposition would have been

. nNe R
40077 0.285 . 0.5 nmole/m3

This result validates the theoretically deduced conclusion
that interference from the particle phase will be of the

same order of magnitude as the analytical detection limit
(0.5 nmole/ma) only at extremely high particulate NHu+

concentrations (~400 nmole/ma)

As regards. the upper concentration limit of the method it

can be calculated from table 1 that it is above 500 nmole/mc.

16.

PR
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Reproducibility of the method. Fil-er effect

The method developed has been subject o several field
tests. Interesting results were obtained from these, parti-
cularly in the measurements carriec ouz in October - Novem-
ber, 1877 at a clean-air station about 40 km south of

Gothenburg.

On this occasion, the sampling equipmert used was made up
of -a box containing 4 sorption tubes in horizontal position
together with pumps and gas meters. The glass tubes were
connected to uncoated glass probes equipped with downward
funnels as protection against rain (and coarse particles)

see fig. 5.

The temperature in the box was a few dezrees higher than

the ambient air.

For two of the tubes, sampling was carried out exactly as

described above. The other two tubes were each equipped

with a filter holder ccntaining a membrane filter (Fluoropore

FALP) in front of the sorption tube. -

hs the particles in the latter case hacd been removed before

the air entered the sorption tube, *he flow could be increased

to 10 1/min. corresponding to 95% sorption efficiency (table

1). The intention of this arrangement was to study the re-
producibility of the method as well as to determine in what
way a filter in front of the sorption tube could affect the

result.

The analysis of sorbed NH3 was carried out as described
earlier., The filters were leached in 5'10_5 M HClO4 and the
NH4+ concentration was determined with <he same method. In

addition, stong acid was determinecd (aczcording to Brosset:

17.

and Perm? 1878). The results of these *tasts are shown in table

4. These data were used to calculate ths standard deviation .



18.

"0f the method with the assumptlion That the deviation was
log—normaily distributed. TFor NHB(g) the standard deviation

obtained was 15% (n=12).

of greét interest is the observed increase in NHg-concentra—
tion obtained when the air stream has passed a filter before
the Sb%ﬁtion tube. As theoretically shown by Brosset (1979)

releasg ‘Qf ammonia from the particle phase will occur if

fine particles, which are often acid and contain NH, , get

; ' 4
into contact with coarse particles which are mostly alkaline.
Filtraﬁion before sorption of NH3 may thus give completely

incorrect results. This was proved in the above tests.
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The method for determination of gasecus ammonia in ambient

air can be described as follows:

ir is sucked through a vertical glass tube. The tube 1is

+]

ide coated with oxalic acid. After Finished sampling the

[EN

n

n

. . . + . .
coatin is dissolved and the NH amcurnt 1s determined.
g 4

nmole/m3 of air

w

The detection limit of the method is 0.
(0,01 ppb) for a sampling period ¢ 24 h. Interference

from particulate NH4+ is at extremely nigh concentrations
(~400 nmole/m3)‘of the same order c¢f magnitude as the detec-
tion limit. Measurements made so fe» have shown a standard

deviztion of 15%.

In practical tests it has been shown that removal of the
particle phase, by filtration prior to sorption of ammonia,

may give completely incorrect results.

9.
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Table 1
Determination of the sorption effiency (e) in tubes
coated with acid in methanol.a and b represent amount
sorbed in the tube and on the filter, respectively.

Time of exposure: 2 h. Temperature: 22%¢

cid and ' Flow . Reymolds  a b 100-e 1074 s
its conc. _ number P
F l/min Re mole rmole 3 s/m3
L.5%(CO0R), 0.975 437 2133 4.6%  99.8 6.15  0.406
" 1.50 672 2813 36.¢%  98.7 4.00 0.284
" 1.85 829 2433 53.¢%  o7.8 3.24  0.247
" 2.23 998 2676 225 92.2 2.69  0.161
" 2.94 1317 1840 192 © 90.6 2.04  0.148
" 4.45 1993 2071 558 78.8 1.35 0.092
" 5.22 233¢ 536 166 76.4
" 5.67 2540 1826 485 79.0
" 8.42 3772 651 79 89.2
" 10.8 4838 1342  58.7%/  95.¢
3% (COOH),  3.26 1460 1323 217 86.0 1.84 0.121
5% (CO0H),  3.13 1402 1275 199 86.5 1.92  0.123
1.58H,P0;  2.60 1165 1219 140 89.7 2.31 0.142
" 2.71 1214 505 54 90.3 2.21 0.146
x/

sorption tube instead of filter
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Table 2.

Determination of the sorntion efficiency!e)using

two sorption tubes. a and b respresent measured amount
sorbed in the first and second tube, resnectively.

Date a b~ 100.e ‘Flow Conc.
1977 nmole nmole % 1/min nmole/m>
NEH NH _ NH3 in air
3 3
15-16/12 i6.0 1.4 91.3 3 4.26
17.6 1.3 82.6 3 4.61
65.5 3.3 95.0 10 4.78
l6-17/12 10.3 0.5 95.1 3 2.77
8.0 0 100 3 2.11
173 14.5 91.6 10 12.7
260 12.8 95.0 10 18.4
17-18/12 13. 1.9 5.5 3 3.46
18, 2.6 85.9 4.89
245 1.8 95.2 10 17.5
174 10.2 4.1 10 12.4
24-25/12 18.8 2.5 86.7 5.01
2.7 86.7 5.42
2 18.8 91.5 10 16.0
165 15.9 90.4 10 11.7

H
w
~J
o0

At 3 1/min the mean value obtained for e = 90.5

2t 10 1/minthe mean value obtained for = 93.3 F 1.5%
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Table 3.

Test of particle interference

Sampling time: 28 August 1978, 09.35 -:ll September 1978, 16.16 h.
Location: Centre of Gothenburg
Flow: . - 2.9 1/min

Amount of air having passed each of the vertically placed
tubes: 59.19 m°.

The amounts of NHZ deposited in the different parts of the
samplers are expressed in nmole/m3.

Probe no. 1 2 3

Funnel ' 0.92 0.67 0.75

Tube i yer 15 cm ’ 0.071 0.061 0.091
upper 85 cm ' 0.105 0.084 0.113
recalculated per 35 cm

Filter | 77 77 (643

x)

leakage in filter holder
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Fig.

Sampling equipment for ammonia analysis.

a funnel, b sampling tube, c gas meter and
d pump.
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Fig. 4 Equipment used for test of particle deposition.
a funnels, b non-impregnated glass tubes,
¢ filter holders, d critical orifices, e pump,

f gas meter.
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Fig.

Equipment used in field tests during October -
November, 1977.

a funnels, b uncoated glass tubes, c coated sampling

tubes,

d filter holders,

e pumps,

and g gas meters.,.



