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Comparison ot methods for ambient air suitor dioXide and nitrogen dioxide
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Active and passive methods for sampling and analysis of ambient air S02 and N02 were compared by simultaneous sampling.
Acceptable accuracy for the passive samplers using comparison with active standard methods were obtained, based on
1egression correlation and significance testing. Advantages and. disadvantages of the methods are discussed.
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INTRODUCTION

EXPERIMENTAL

The acid gases; S02 and N02, are among the important air pol

Sampling with passive samplers. The methodology of Ferm

lutants which need monitoring to assess ecosystem acidification
with its accompanying deleterious environmental and health
effects

[5] was followed. The samplers are illustrated and described

in Fig. 1. Samplers were mounted on aluminum holders under
a Frisbee (plastic plate) nailed horizontally to a wooden pole

[ 1 2].
,

(-2m) with the rounded edge facing downwards.

Active methods of air sampling for acid gases have been de
veloped and standardized

[3]. These methods always require

the use of an electric powered pump. A passive or diffusional
sampler

[4-6] is small, light and does not need electricity. It is

The samplers for sol contained cellulose paper filters coated

with a 50 J.LL solution of 1.0% NaOH in methanol, while those

for N02 were coated with a 50 J.LL solution of 0.88% NaOH

especially useful for remote places where there are no sources
of electricity. The aim of this study was to investigate and com
pare some active and passive methods for monitoring so2 and

F

N02 in ambient air.
The methods used are passive sampling using impregnated fil

ters, active sampling . using impregnated filters and active

sampling using an impinger immersed in an absorbing solu
tion. Passive and active sampling (for each of the two acid

I0

mm

Stainless steel mesh

c:==:::::>

Teflon filter, I J.Ull

c::=::=:>

C:

Fig. 1. Passive sampler assembly.
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gases) was done simultaneously for comparison.
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and 7.9% Nai in methanol. The absorbed S02 and N02 were
anal� by ion chromatography (as S04=) and by spectropho
tometry (as N02-), respectively.

volume active sampling using impregnatedfilters. The
air sampling pump was either SKC Aircheck Sampler model
224-PCXR4 or model 224-PCXRJ set at 1 L/min. The filter
samplers consisted of two 37-mm diameter cassette filter hoid
ers connected in series. The front cassette used as the prefilter
(for particulates) contained a 37 mm 0.8 mm cellulose ester
membrane filter on a cellulose support pad while the back cas
sette or the backfilter contained an impregnated 37 mm
Whatman 40 cellulose filter also on a cellulose support pad.
Whatrnan 40 filter for S02 is impregnated with 20% KOH +
100/o glycerol in ultrapure water and oven-dried at 50°C (NIOSH
Method No. 6004) while that for N02 was impregnated with
NaOH and Nal in methanol (soaking for a few minutes and
then allowing to dry). The absorbed S02 and N02 were ana
lyzed by ion chromatography ( as so4=) and by
spectrophotometry (as N02-).

Low

Low volume active Hmpling using an impi"'ger. The air sam
pling pump was an SKC Aircheck Sampler model 224-PCXR4
calibrated to a flow rate of 0.4 Umin. The impinger method
was the reference method for N02 in air (ASTM �ethod
Dl607). N02gas passed through a fiitted impinger with 60 pL
pore size and was absorbed into a 10-mL absorbing reagent
made up of 0.002% N:..l-Naphthylethyl- enediamine
dihydrochloride (NED) and '0.5% sulfanilamide in 14% acetic
acid. The absorbance of the solution was determined at 550
nm after24-h sampling period; The sample N02- concentra
tion was calculated from a calibration curve of prepared nitrite
standards.
Ion chromatographic ana/pis of absorbed SOz> The instru
mentation consisted of a Dionex 2000i IC System; ion
conductivity detector, analytical and guard columns (AS4A
SC/AG4A-SC) , and micromembrane suppressor. T he
chromatographic conditions were 1.8 mM Na2CO/l.7 mM
NaHC03 (as eluant) at 2.0 mL/min flow rate, 25 mM �S04
(as regenerant) at 2.0 mL/min flow rate, 50 pL injection vol
ume, attenuation 1024, peak threshold 10000, chart speed 0.5
em/min, and sensitivity at 30 or 1 0 J!S. The aqueous extracts
(2.5 mL) of the S02absorbed on the coated paper filters (sub
sequently converted to so4�) were analyzed together with
aqueous standard sulfate solutions.
Spectrophotometric analysis ofabsorbed NOz> The instrumen
tation consisted of a UV Spectrophotometer, LKB Ultrospec
II, or Beckman Spectrophotometer. N02 absorbed on the coated
filters (and converted to N02-) was extracted with 5 mL
ultrapure water. To 2 mL of this aqueous extract (dilute if nec
essary) were added 2 mL reagent solution (0.8% (w/v)
sulfanilamide, 0.02% {w/v) NED, and 0.8% (v/v) phosphoric
acid). The absorbances of the reacted samples and standards
were measured at 540 mn wavelength.

RESULTS AND DISCUSSION
Simultaneous samplings usmg active and passive samplers were
done at UP NSRI (Natural SciencesResearch Institute)_ The
sampling locations, data and conditions are shown in Tables l
and 2.

SOz> Passive sampling was compared to active sampling (both
modes had the same impregnating solution and sorbent filters).
Table 1 and Fig. 2 summarize the results of the comparison.
The data points are quite scattered, with.a good slope of0.9623,
indicating approximately equal collection efficiencies for: the
two methods. There was a positive but not nearly so good cor
relation (coefficient of 0 . 80 11) between the two methods, with
a reasonably low intercept (3 J.lg/m3) which is close to the stan
dard deviation values of the passive samplers.
The sorbing solution in both methods can potentially detect
not only S02 but also HN03 and oxalic acid in ambient air.
This study detected very low levels of oxalic acid, but not
HN03•

NOz> Table 2 and Figs. 3 and 4 show results of the comparison
Table 1. Sulfur dioxide sampling:
Active and passive sampling
Location

NSRIMain
Gas House

IKOTStop
inftontof
NSRI

•
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Weather

Time(H)

Active

Passive

Conditions

74.47
73.15
72.87

19±1

15± 1

11.0±0.6

8±2

7.6 + 0.4

12±3

sunny
cloudy
sunny

72.00
73.02

20±1

25±2

14.0±0.7

19±2

73.22
78.43

22±1

26±2

20±1

30±5

29±2

27.2±0.9

73.28

sunny
sunny;
cloudy
sunny
sunny
sunny;
clol!cly

Sulfur Dioxide (pglmi
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Fig. 2. Sulfur dioxide sampling: Correlation between Passive and
Active Sampling
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Table 2. Nitrogen dioxide in indoor air: A

00 ,-------,

comparison
ofthree methods of sampling (Location: Rm. 238,
Natural Sciences Research Institute)

y= 1.0279x-2.6916

50

R=0.9611

N02 (ug/mJ

Sampling
Time (H)

43.0±0.6

24

47.0±0.7
50.0±0.8

2
2
7.62
8
7.55

(Using

Impinger

8
2

Active

Activew/

Passive

Filter}

20
45±3
45±3

10

30.0±0.5

109±2

53±1

19.0±0.3

2.9±0.2

22.0±0.3

5.6±0.3

30.0±0.4

7.3±0.3

22±4

18.0±0.3

5.9±0.3

18.3 ±0.7

o r-----+-----�--�--�
0

21 ±3

10

20

Fig. 3. Nitrogen dioxide sampling in indoor air: Passive vs. Active
(wl impinger).
120 ,-----,

3. Significance testing results for passive
3
and active sampling. All values are in J.1g/m • *S• and Sp
are uncertainties (Standard Deviations).
Table

(SOJ)tiCiive

sa

·

(SOJ)passive

:
sp

� (90%) [Av(95%

y=0.551x-5.5718
R=ll91!M

D

19

I

15

l

2.9

4.3

4

11

0.6

8

2

4.3

6.3

3

7.6

0.4

12

3

6.2

9.2

4.4

20

1

25

2

4.6

6.8

5

14

0.7

19

2

4.2

6.1

5

22

1

20
29

26

2

4.6

6:8

4

1

30

5

10.5

15.5

10

1.5

27.2

0.9

3.6

5.3

1.8

(NO:;)-

sa

(NO:;)JXlSSive

:
sp

i£1v(90%)

D

43

0.6

45

3

6.3

2

47

0.7

45

3

6.4

2

22

0.3

21

3

6.2

1

30

0.4

22

4

8.3

8

18

0.3

18.3
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1.6
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Fig. 4. Nitrogerz dioxide sampling in indoor air: Active (filter)
Active {impinger).

Figure 4 shows that the collection efficiency (slope of

vs.

0.56)

for the active filter sampler was poorer compared to the refer
ence method, although correlation was also good (coefficient
of0.98). The difference in oollectiOO. efficiency may be attrib
uted to two related factors: air flow rate and mode of contact
of three methods of sampling for N02 in the short term. The

ofN02 with the sorbing solution. These factors are significant

three methods were: the reference method (active sampling

in view of the lower solubility of

using a fritted impinger and a liquid absorbing solution for

compared to S02• The slower flow rate of the reference method

N02), active sampling using the same filter and sorbent as the

(0 4

passive sampler, and passive sampling.

greater N02 dissolution in the former. Likewise, very fine

Figure 3 shows that the accuracy for N02 was better compared
with so2 for the_ passive samplers, based on standard active

method) is a better contact mode for N02 with the sorbing liq

.

Umin)

N02 in aqueous

compared to the filter method (1

solutions,

Umin) favors

bubbles going throUgh a liquid solution (in the reference

sampling methods. The slope for N02 (passive) vs.
tive impinger) was close to one

N02 (ac

uid, compared to N02 passing through a thin sorbing solution
layer in the filter method.

(1.03) indicating comparable

collection efficiencies for the two methods.· There was good

Signifu:ance testing.

correlation (coefficient of0.96) and the intercept

(-2.7 pg/m3)

dition to correlation by linear regression.. In significance �g,

was the same level as the standard deviations of the passive

probability theory is used to calcnlate the maximum difference

sampler.

(AJ that could be expected to occur for measurements by two

Significance testing
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methods, if both methods measure random samples of the same

The advantages of the passive, over the active, methods are

thing. If the observed difference

lower cost (since electricity and expensive pumps, bubblers

(D) is smaller than �' it is

concluded that the observed difference is just due to random

and impingers are not needed), portability (handling and ship

error and is not significant (at the probability or confidence

ping from a remote sampling area to the laboratory precludes

level chosen). IfD is larger than�' then there is a suggestion

the need to carry liquid solutions for the passive samplers) and
the absence of the aforementioned evaporation problem. A dis

that at least one of the methods has a systematic error (at the
confidence level chosen).

advantage is the possibility of drying of the filters when relative
humidity is low. The efficacy of the impregnated sorbing solu

Results of the calculations are shown in Table 3. For S02, all
points have D

tions are dependent on the hydrophilic propertY of the cellulose

l'\0 at the 95% confidence level. This means

filters. A humectant, such as glycerol, can lessen this problem.

the results of the passive sampling method are not significantly

Another practical disadvantage experienced by the authors is

different from those of the active sampling method at this con

the tendency of the passive samplers to disappear during long

<

fidence level.

term sampling (i.e., one month); perhaps because the sampler
set-up, with the Frisbee, looks too much like a toy.

For N02, the results of the passive sampling method are not
significantly different from those of the active sampling refer
ence method at 90% and above confidence level.
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