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POTASSIUК AS А TRACER FOR RESIDENTIAL WOOD COKBUSTION 

Н. Zeedijk, К. Bubbert 

Laboratory of Instrumental Analysis, 
Eindhoven University of Technology, Р . О. Вох 513, 

5600 КВ Eindhoven, The Netherlands 

ABSTRACT 

The atmospheric potassium content has been changed strongly in 
The Netherlands during the last 15 years, wi th а minimum value in 
1980. The winddirection has по noticeaЫe effect оп the concentra
tion and the small sodium/potassium ratio shows а low sea-salt con
tribution. The variation in potassium content of the atmosphere can 
possiЫy Ье explained Ьу the changing use of residential fuels. The 
rise of the last years сап Ье the result of an increasing use of 
firewood for which the element potassium can Ье used as an atmos
pheric tracer compound . 

INTRODUCTION 

In many regions firewood is an attractive fuel for residential 
heating and the consumption is rising, for instance in the USA with 
а 10,- per year (1). Combustion of firewood in airtight stoves pro
duces а consideraЫe emission of air pollutants, of which smoke par
ticulates, gaseous organics and carbon monoxide cause the most im
portant environmental impact (2). The particulate matter contains 
relatively high concentratio.ns of toxic compounds and the submicron 
sizes of the particulates make them well inhalaЫe. So one wants to 
know the contribution of wood combustion emissions in the atmos
pheric aerosol content. 

TRACER COKPOUNDS FOR WOOD COКВUSTION 

The normal method for selecting the contribution of one source 
in the total air pollution is Ьу analysis of one specific emitted 
component, the so-called tracer. For the case of firewood combustion 
some methods are based оп the determination of the carbon-14/ 
carbon-12 ratio in atmospheric compounds, because this ratio is 
higher in wood in comparison with fossil fuels. So it was found Ьу 

determination of the 14с112с ratio in carbon dioxide that in 
Portland, Oregon, wood combustion could contribute for 50,- to the 
atmospheric particulate matter (3). Also the ratio in carbon 
monoxide is used for this purpose (4). 

А tracer study, performed in Oregon again, used methylchloride 



for selection of the wood combustion contribution (5). The obtained 
results wеге unceгtain owing t.o the relatively high background con
centгation of this component. caused Ьу oceanic emissions, but in 
spite of that, it could Ье estaЬlished tt1at backyard burning and 
firewood use contribute consideraЫy to the mass of fine particu
lates in the atmosphere. 

An other suitaЫe tracer component for combustion of solid 
fuels and especially firewood could Ье the element potassium, 
because the ash of wood combustion consists for а consideraЫe part 
of potassium caгbonate and so does the fly ash that leaves the 
chimney. Thi s study had the aim to perfoгm а primary survey of 
atmospheric potassium concentrations in relation to the possiЫe 

sources, that are except wood combustion sea-salt, windborne soil 
particles with clay composition and possiЫy industrial sources. 

POTASSIUK IN ТНЕ ATKOSPHERE 

In spite of the fact that potassium can hardly Ье considered to 
Ье а harmful air pollution, it is possiЫe to find some measured 
atmospheric concentrations in the li terature. ТаЫе 1 i s deri ved 
frorn (6) and gives а survey: 

ТаЫе 1: Atmospheric potassium concentrations (µg.m-3) 

1974 
1974 
1974 
1974 
1974 
1974 
1974 
1971 
1972 
1971 
1970 

Country 

Belgium 
Belgium 
Belgium 
Belgium 
Belgium 
Belgium 
Norway 
Norway 
Switz.erland 
U.S.A. 
Canada 

Canal of Gent 
Gent city 
Dourbes 
Antwerp 
Liege 
Charleroi 
Lakselv 
Skoganvarra 
Jungfraujoch 
Nw. Indiana 
TG 

Concentration 
Na ! 
1.93 1.64 
1.45 1.11 
0.47 0.085 
2.54 1.39 
З.16 

2.90 
0.55 
0.44 
0.024 
0.285 
0.018 

З.28 

2.97 
0.048 
0.048 
0.045 
1.25 
0.054 

Ratio 
Na/K 
1.18 
1.30 
5.53 
1.83 
0.96 
0.98 
11.5 
9.15 
0.56 
0.23 
0.33 

In urban areas the potassium concentration can exceed 
1 µg .m-3 at а Na/K ratio lower than 1 and the background concen
tration of potassium is more than 25 times lower. 

Since 1971 potassium in the atmosphere has been determined in 
Eindhoven, The Netherlands, at irregular intervals. ТаЫе 2 gives а 

survey of the measurements . 

ТаЫе 2: Atmospheric potass i um content in Eindhoven 

Year Season Kean Conc. (µg .m-3) Stand.dev. Number 
1971/1972 winter 2.53 0.17 86 
1981 spring 0.044 0.044 10 
1981 surnmer 0.025 0.017 9 
1983 0.12 0.076 14 
1985/1986 winter 0.46 0.26 28 
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The potassium content of the atmosphere shows а large variation 
during these periods. It decreased from more than 2 µg.m-3 to а 
minimum lower than 0.1 µg .m-3 in 1981 and thereafter i t was in
creasing again. It looks strange, but the values fit in the range 
found in the literature. 

The relation between potassium concentration of the air and 
wind direction has already been studied for measurements in 1971/ 
1972. No wind direction influence could Ье detected. Then for the 
most recent measurements again the relation has been examined. The 
wind direction was divided into 8 separate classes (Fig. 1) and for 
each class the availaЫe measurements have been averaged. ТаЫе 3 
gi ves these mean values together wi th the averages for the atmos
pheric sodium, nitrate and sulphate concentrations. 

Fig. 1: Definition of the windclasses 
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As а matter of fact the wind direction could have fluctuations 
during the sampling period of particulates that was usually one full 
day. The mentioned wind direction is the prevailing one. The dif
ferences in potassium concentrations are not statistically signifi
cant. The same holds for the other components. 
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ТаЫе З: Influence of wind direction on the potassiurn concentratior1 

Wind class Hean concentration (µg.m-3) Ratio Na/K 
Nitrate ~y_l~hate Sodium Potassium 

2 2 .16 0.86 2.5 
з 8.3 13.5 0.38 0.32 1.2 
4 13.1 22.З 1.55 0.95 1.6 
5 6.1 7.8 1.66 0.40 4.2 
6 8.9 11.8 2.44 0.43 5.7 
7 3.78 0.42 9.0 
8 8.2 13.9 1.61 0.60 2.7 
all 8.2 11.4 2.20 0.46 4.8 

When the potassium concentrations are related to windspeed 
values, there exists а small tendency to elevated concentrations at 
low windspeeds. It could Ье estaЫished that all high Na/K ratio' s 
were occurring in condi tions wi th а combination of high windspeed 
and wind originating from the North Sea (classes 6, 7 ,8), but under 
t.he same condi t ions also low Na/K ratio' s were observed. Some sea
sal t influence (sea-salt has а Na/K ratio of 28), however, cannot Ье 
excluded, but. it is unlikely that the contribution to the potassium 
concentration will Ье very important. 

Except determinations of the atmospheric potassium content also 
the emission of а woodstove wa.s determined. ТаЫе 4 gives these 
results. 

ТаЫе 4: Emission factor in mg potassium/kg firewood 

Hean value 
Standard deviation 
Number 

Potassium 
11.2 

5.7 
7 

Sodium 
7.1 
1.6 

4 

Nitrate 
1.З 

0.2 
4 

Sulphate 
12.5 
З.1 

From the values in ТаЫе 4 the relative importance of the po
tassium emission is clear. Striking is the high standard deviation 
in the potassium value compared to the other components. 

DISCUSSION 

Sampling was performed in such а way that the efficiency for 
large dust particles should Ье as low as possiЫe: the filter had an 
inverted inlet and the high volume sampler was placed at а height of 
15 m above soil level. The linear suction velocity was 0.5 m/sec. At 
such conditions the filter efficiency for 5 micron particles is al
ready lower than some 20% (7). Smoke particles in srnoke of wood and 
coal are very small. Hore than 90~ of them is of submicron sizes and 
for this aerosol the filter efficiency of the used sampling method 
will Ье nearly 100~. 

An eventual sea-salt effect on the potassium concentration can 
Ье estimated from the Na/K-ratio that amounts to 28 for sea-salt. In 
average the sodium concentration in Eindhoven air has not changed 
over the last 15 years and at the moment tt1e mean Na/K-rat io amounts 
to 5.5 (stand.dev.= 3.9, n=20). This ratio shows that the atmosphe 
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ric potassium content only for а small part can Ье of sea-or1g1n. 
However, it appeared that the highest ratio's occurred during 
periods with wind directions that transported air from the seaside 
to the sampling station wi th high windspeeds. But in these condi
tions also low ratio's have been found. 

The slight influence of sea-salt can also Ье seen from the bad 
correlation between sodium and potassium concentrations: Сна= 

0.73 Ск + 1.84, correlation coefficient = 0.19, n=20. On the con
trary, there exists а better correlation wi th ni trate and sulphate: 
Cnitrate= 7.13 Ск + 4.95, corr.coeff.= 0.67, n=l6; and 
Csulphate= 17.5 Ск + 3.44, corr.coeff.= 0.80, n=16. These higher 
correlations can Ье explained Ьу taking into account that for all of 
these three components high concentrations are favoured Ьу the same 
meteorological conditions. 

It is not clear, if the measured potassium concentrations are 
the result of emissions in the town of Eindhoven or the result of 
sources further away. Some control measurements in an agricultural 
background area showed an atmospheric potassium content of 
0.194 microgram/mЗ (stand.dev.=0.026, n=4) in average. This is 
about half of the Eindhoven value. Dispers ion model calculations 
resulted in the same conclusion, that not only wood stove sources in 
the city itself contribute to the potassium content, but that there 
also must exist а consideraЫe contribution from further away 
sources. 

Fig. 2: Residential fuel usage 1960-1985 in The Netherlands 
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А likely explanation for the observed changes in the potassium 
concentration in the Eindhoven atmosphere can possiЫy Ье found in 
the typical tendencies in the Dutch fuel use. Figure 2 shows the 
percentual usage of the three fossil fuels: coal, oil and natural 
gas. The high potassium concentration in 1972 could Ье caused Ьу the 
residential burning of coal in the Netherlands and in the surrounding 
countries. Ву replacing coal at first Ьу oil and later Ьу natural 
gas, the atmospheric potassium concentration could reach а minimum. 
Since 1978 the combustion of firewood became popular. There are no 
data of the firewood usage availaЫe, but the sales of woodstoves 
show this (ТаЫе 5). 

ТаЫе 5: Sales of fireplaces, woodstoves and woodstove inserts in 
The Netherlands. 

Year 
1978 
1979 
1980 
1981 
1982 
1983 

Fireplaces 
64.000 
40.000 
20.000 
15.000 
12.000 

~10.000 

Woodstoves Inserts 
7.000 о 

23.000 о 

35.000 о 

45.000 2.000 
27.000 8.000 

~25 .ООО ~11.000 

At this moment in about 7-8~ of the residences а woodstove сап 
Ье found. The use of them possiЫy explains the rise of the atmos
pheric potassium content, that started around 1980 and that today 
amounts to а factor 4. 
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