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Peat dust emissions and particle concentrations at different distances from a milled peat 
production field were studied for two different harvesting methods. The dust emissions 
were found to be sporadic. The momentary PM2.5 concentrations, which varied up to 5 
mg m–3 near the operation area, depended on the operation and weather conditions as 
well as peat composition. By using the Fugitive Dust Model, PM2.5 emission rates were 
estimated to range from 0.3 to 43 g s–1. Wind erosion increased the PM2.5 concentrations 
remarkably at wind speeds over 4 m s–1. Using time activity data of the different opera-
tional phases the lowest fine particle emissions were observed from the milling phase and 
the highest in the harvesting phases, respectively. As compared with the present EU daily 
limit value, the concentrations further from the peat production field were estimated to be 
low. However, short term negative influences on living conditions in the neighbourhood of 
peat production areas may be possible under certain environmental conditions.

Introduction

In Finland, peat is used as fuel and a horticultural 
material. Several operations in the production of 
milled peat generate dust emissions. Information 
on the emission rates and the extent of the dust 
dispersion are required to enable the estimation 
of the health risk and habitability in nearby sur-
roundings. The knowledge of these effects is  
also needed for the environmental permission 
procedure and the environmental impact assess-
ment. Epidemiological studies have shown a dis-

tinct correlation between adverse health effects 
and the concentration of fine particles in urban 
environments. Associations between particulate 
air pollution, respiratory illness and increased 
cardiovascular diseases have been reported in 
studies of  e.g. Dockery et al. (1993), Künzli et 
al. (2000) and Mukae et al. (2001). However, the 
most responsible particle types or sources are yet 
uncertain.

The chemical composition and particle size 
distribution of peat dust deviates from urban aer-
osols. Thus their health effects may differ. How-
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ever, there are only a few occupational health 
studies on peat dust exposure. Sandstrom et al. 
(1991) reported a significant correlation between 
the respirable fraction of peat dust recorded 
in the breathing zone of the workers and a 
decrease in forced expiratory volume in one 
second (FEV1). The effect on lung function in 
non-asthmatic peat workers was, however, small. 
There are no long-term epidemiological studies 
on the peat dust exposure.

Globally there exists about 400 million hec-
tares of peatland, from which annually around 
100 million m3 of peat is extracted. Only 0.05% 
of peatland resources in the world and 0.7% in 
Finland have been put in use (Selin 1999). The 
Finnish peatlands and production volumes are 
some of most important in Europe and globally. 
In Finland the production area was about 52 000 
hectares in 1999 producing around 25 million m3 
of extracted peat. Two thirds of the extracted 
peat in the world and over 80% in Finland are 
used as fuel.

Peat production for fuel use requires sev-
eral operational activities: milling, harrowing, 
ridging, collection, stockpiling, harvesting and 
transporting phases (Fig. 1). In the process a 
thin layer (circa 20 mm) of peat is first milled 
from the surface of the bog using a 6.5–9 m 
wide miller. The peat extracted in one milling is 
called harvest. The extracted layer is left on the 
bog surface and harrowed one to three times to 
accelerate the drying using a harrow with plastic 
spoons. The harrow operates over a width of 19 
metres (Alakangas and Hölttä 1997). The drying 
of the milled peat to approximately 30%–60% 

moisture content takes around two days.
The extracted layer is harvested (collected) 

onto a stockpile using different harvesting meth-
ods. In Finland, about 80% of the milled peat is 
harvested with the HAKU method. In HAKU, 
the extracted peat is gathered onto the middle of 
the strip by a tractor-towed ridger. The length of 
a strip depends on the peat bog dimensions, and 
can vary from 100 m up to 1 km. Underneath the 
9-m wide ridger flexible brush elements ensure 
effective lifting of the dry peat. The ridge is typi-
cally around 40 cm high and 80 cm wide. After 
the ridging, the peat is loaded from the ridge 
with a one-belt conveyor and transported to the 
stockpile by four tractor-driven bog-trailers. In 
the conventional HAKU method, peat is trans-
ferred onto the stockpile immediately after ridg-
ing. In the Tehoturve HAKU method, four to six 
harvests are piled together on the ridge before 
transport, which increases operational efficiency.

In Finland, about 10% of the milled peat is 
collected using the pneumatic-harvester method. 
The harvester collects the extracted peat like a 
vacuum cleaner directly into the 40 m3 harvester 
silos and the harvester also transports the peat 
onto the stockpile. The new pneumatic-harvest-
ers are equipped with a multicyclone that reduces 
emissions as compared with those of the old one. 
No ridging operation is required. The peat is 
also more homogeneous when collected with the 
pneumatic method. The operation is, however, 
rather vulnerable to weather conditions. In Fin-
land, the milled peat is also collected using the 
mechanical harvester method as well as using 
the peco method, but these methods were not 
investigated in this study.

Once the peat has been collected on the 
stockpile location, the pile is shaped and packed 
by a bulldozer. One pile may contain several tens 
of thousands of cubic meters of peat. After a stor-
age period, piles are loaded with a bucket loader 
onto a lorry and transported during the heating 
season to the peat power plant silos. Some of the 
piles are loaded also in summer, but to a lesser 
extent (Alakangas and Hölttä 1997).

Peat dust is emitted during the field opera-
tions from several types of sources, some being 
point sources (pneumatic-harvester cyclone 
outlet) and some fugitive sources (machine tyres, 
miller, harrow, etc.). Most of the sources are 
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Fig. 1. Diagram from the milled peat production for 
HAKU and pneumatic-harvester methods.
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moving. In peat bog, the wind-risen dust is also 
an important dust source although not directly 
connected to the operational activities.

The aim of the present study was to experi-
mentally determine the peat dust emission rates 
and particle concentrations on the field during 
different operation phases of the two main har-
vesting methods employed in Finland. In addi-
tion, a new pneumatic-harvester system could be 
compared with the old one. The role of wind in 
peat dust emission and the extent of dust disper-
sion at the production site were also important 
objectives of the study. As emissions vary con-
siderably even within each operational phase, 
the emission levels, rather than the exact values, 
were of primary interest. The HAKU method 
and the emissions in loading were measured in 
the Konnunsuo peat bog in summer 2000. The 
results for the pneumatic-harvester method were 
obtained in the measurements at the Kaikonsuo 
peat bog in summer 1999 (Yli-Tuomi et al. 
1999a, 1999b). The peat bogs are situated in 
central Finland.

Methods

Sampling methods and equipment

The particle concentrations at one upwind and 
two downwind locations from the peat produc-
tion field were measured using six EPA-WINS 
samplers (BGI Inc., Waltham, MA). In each 
location a sampler with a PM10 inlet and another 
sampler with a TSP inlet were positioned side by 
side. A typical setup is presented in Fig. 2. The 
sampling time varied from 15 minutes to two 
hours depending on the operational phase and 
the dust concentration. Peat samples for moisture 
determination were taken after measurement for 
each operation (excluding few measurements).

The EPA-WINS sampler consisted of an 
EPA-WINS PM2.5 impactor (BGI), a 47-mm filter 
holder (BGI), and a PQ100 pump (BGI). In addi-
tion, either a Graseby-Andersen PM10 inlet or a 
TSP inlet was employed. The sampler inlets were 
located at the height of 1.9 m above ground for 
the PM10 and at 1.2 m height for the TSP measure-
ments. A flow rate of 16.7 l min–1 was used. Par-
ticles larger than 2.5 µm (50% cutsize) were col-
lected on a Whatman or Gelman Sciences Glass 
Fiber Filter and particles smaller than 2.5 µm on 
Gelman Sciences TefloTM 2 µm pore size filter. 
Normally, a small amount of oil is applied to the 
impactor filter in order to prevent any bounce 
of impacted particles from the impaction plate. 
However, particulate mass deposition cannot be 
determined from oiled filters. In this study, an 
estimation of the size distribution was needed 
and thus no oil was used. This might have led to 
a slight overestimation of the PM2.5 mass. Accord-
ing to a rough estimation based on Hinds (1982), 
15%–20% of particles larger than 2.5 µm in 
aerodynamic diameter may be bounced to lower 
collection stage. The PQ100 pump was equipped 
with a microprocessor-controlled timing and mass 
flow adjustment system. The airflow was normal-
ised to the air pressure of 101.3 kPa and tempera-
ture of 20 °C. The samplers were calibrated in the 
laboratory with a bubble flow meter (Buck M-30) 
before and after the sampling.

The weather data were registered at the peat 
bog site. The weather station (Davis Instrument, 
GroWeatherLink) registers the air temperature, 
barometric pressure, relative humidity, wind 
speed and direction, dew point, rainfall and solar 
radiation at a height of 2 m every minute.

Gravimetric analysis

A microbalance (Mettler Toledo MT5, accuracy 

Fig. 2. Diagram of the 
layout of the sampling 
site. The circles with “x” 
within depict the particle 
sampler sites.
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1 µg) was used for the gravimetric analysis of 
filters, which were allowed to standardise to the 
temperature and relative humidity in the weigh-
ing room (40% ± 5% relative humidity, 20 ± 
1 °C) for 24 hours before weighing. Each filter 
was decharged on both sides with a Po-210 alpha 
radiation source (Staticmaster Po-210 Ionizing 
unit). Two weightings within 1 µg were required 
before the mass value was accepted. The effect 
of air buoyancy was corrected in the weighing.

Fugitive dust model

Once the emission factors are known, a disper-
sion model can be used to estimate the envi-
ronmental concentrations. Consistently, if the 
particle concentrations, weather conditions, and 
other factors affecting the concentrations and 
dispersion are known, a dispersion model can be 
used iteratively to estimate the emission rates. In 
this work, the EPA Fugitive Dust Model (FDM) 
(Winges & Wilson 1990) was employed.

The FDM is generally based on the well-
known Gaussian Plume formulation, but an 
improved gradient transfer deposition algorithm 
has been incorporated. The line-source and area-
source algorithms are based on algorithms in the 
CALINE3 Model (Winges and Wilson 1990). 
The model is well-suited for flat and exposed 
areas, similar to peat bog fields.

The FDM requires data for wind speed and 
direction, atmospheric stability, temperature 
and mixing height. Wind speed is used directly 
to determine the dust concentration. Atmos-
pheric stability is used to determine the standard 
deviations of the horizontal and vertical plume 
dimensions. The Pasquill stability classes are 
defined by the values of sun radiation and wind 
speed. In peat dust dispersion the model is rather 
insensitive to the mixing height, since fugitive 
dust emissions are released at the ground level 
(Winges and Wilson 1990). In this study, a typi-
cal mixing height of 1000 m was used.

Other input parameters are the surface rough-
ness height, particle density, anemometer height, 
emission rates and source and receptor co-ordi-
nates. For roughness the value of 5 cm was used, 
which equates to the roughness of farmland. The 
peat dust density varies somewhat from less than 

1 g cm–3 to over 2 g cm–3. In this work the value 
of 1.5 g cm–3 was adapted (Puustijärvi 1973). 
The influence of dust density is rather small 
for fine particle dispersion because the deposi-
tion velocity is significantly different from the 
gravitational settling velocity for these particles 
(Winges and Wilson 1990).

In the FDM analysis, a moving source was 
modelled as a line source. The emission rate in 
units of g s–1 was converted to g s–1 m–1 based 
on the information on the number of times the 
tractor passed by the receptor site, on how many 
strips the tractor was working on, the dimensions 
of the strips, and the speed of the vehicle.

In the iteration, a value for the emission rate 
was guessed and the FDM was applied to calcu-
late the concentration at the measurement site 
(receptor point) using the actual meteorological 
data (10-minute averages). The result was then 
compared with the gravimetrically determined 
mass concentration (upwind concentration sub-
tracted). The starting value of the emission rate 
was adjusted until the modelled and measured 
peat dust concentration additions were equal. 
Each measurement for different operations was 
modelled separately.

Using typical emission rates for different 
operations, concentrations in the vicinity of a 
peat bog were modelled for typical meteorologi-
cal conditions. The exhaust emissions of tractors 
were not considered in the modelling but may 
introduce some uncertainty in the concentration 
values. However, the tractor exhaust emissions 
are low as compared with the peat dust emis-
sions. According to LIPASTO, a typical exhaust 
PM emission is 1.9 g kWh–1, which corresponds 
approximately to an emission rate of 0.07 g s–1 
(Mäkelä et al. 1999).

Results and discussion

Particle concentration on the milled peat 
production areas

The airborne particle concentration downwind of 
the peat production area depends on the up-wind 
concentration, the dust emissions from the activ-
ity on the field as well as on the distance from the 
activity and the factors affecting the dispersion. 
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The weather and peat composition (moisture, 
decomposing) were found to primarily regulate 
the emission rate and dispersion of the peat dust. 
The PM2.5 up-wind concentration varied from 4 
to 460 µg m–3. Concentrations up to 5 mg m–3 
were measured at distances of 20–200 m from 
the field operations, while the maximum PM2.5 
concentration further away (200–1500 m) was 
about 300 µg m–3 (Fig. 3). Exceptionally high 
concentrations, up to 60 mg m–3, were measured 
in the vicinity of stockpile shaping. The weather 
conditions and peat bog properties clearly affect 
the concentrations.

The peat moisture content is higher during 
all the operational activities in a rainy summer 
and the emission rates are accordingly lower. 
Yli-Tuomi et al. (1999b) observed in the rainy 
summer 1998 at Kortesuo the highest particle 
concentrations of only 65 µg m–3 (Fig. 3). In 
the warm and dry summer 1999 at the Kaikon-
suo peat bog, the highest concentration was 
5 mg m–3 (Fig. 3). The peat properties at the 
Kaikonsuo and Kortesuo peat bogs were rather 
similar. The peat at Konnunsuo was, on the other 
hand, very well decomposed as compared with 
peat at the Kaikonsuo and the Kortesuo fields. 
Well-decomposed peat, when milled and piled, is 
more easily dispersed than less-decomposed peat 
(Fig. 3). As also the weather conditions were 
mainly favourable for the peat production in 
summer 2000, the high dust concentrations were 
recognized at the Konnunsuo.

During favourable dry weather conditions, 
the peat is operated also at night. Stable atmos-

phere and inversion at ground level air, and 
consequently low wind speed and poor mixing 
during the night can result then in very high con-
centrations on the field.

Emissions

The PM2.5 fugitive emissions ranged from 0.3 to 
43 g s–1 with an average of 6.5 g s–1 (Table 1). 
The highest fugitive emissions were measured 
for the old pneumatic-harvester method (JIK 
35), whereas with the new method (JIK 40) the 
emissions were the lowest. When evaluating the 
particle emission rates, wind erosion was not 
taken into account. Thus the values may also 
include wind-raised dust, not directly connected 
to the production method. Due to the sporadic 
nature of wind-raised dust (see next section), 
its true effect is difficult to estimate. In theory, 
wind-raised dust would lead to higher emission 
estimates from more distant receptors. This was 
observed in about half of our measurements, but 
not always at high wind speeds.

Yli-Tuomi et al. (1999a) determined the 
cyclone TSP emission of the new and old pneu-
matic-harvester with values ranging from 0.2 to 
4.2 g s–1 and from 210 to 1050 g s–1, respectively, 
depending on the degree of humification and the 
humidity of the peat. The PM2.5 fraction was on 
average 40% of the TSP emission for the new 
and about 1% for the old pneumatic-harvester. 
The PM2.5 fugitive dust emissions (Table 1) and 
the cyclone outlet emissions are thus of the same 
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order of magnitude for the pneumatic harvesters.
The dustiest operations in the milled peat pro-

duction were unloading onto the stockpile and 
stockpile shaping with a bulldozer (with average 
values of 17 g s–1 and 18 g s–1) (Table 2). Loading 
onto a lorry was much less dusty with an average 
PM2.5 emission of 1.3 g s–1. The corresponding 
PM10 emission was 2.6 g s–1 and TSP emission of 
8.1 g s–1. Since the lorry loading operation occurs 
rather seldom, it is, however, insignificant as 
compared with the other operations.

During daytime, different sources have a 
variable contribution to the average concentra-
tion. The vehicle speed, the number of vehicles 
and the milled area of peatland vary from day to 
day, and operations are not carried out in equal 
sequence during every day. With the pneumatic-
harvester method one strip must be driven even 
five times for each harvest (Table 3).

Fine particle emissions per extracted peat 

harvest were estimated using the time activity 
data from Kaikonsuo and Konnunsuo and aver-
age emission rates from Table 1. The lowest 
emissions were observed from the milling phase 
(1 kg per hectare per one harvest) in both the 
HAKU and new pneumatic-harvester methods 
(Table 4). The emission levels from the other 
phases were higher and varied between 2.1 and 
15.1 kg per hectare during one harvest. The total 
emissions per harvest were 6.0 and 15.9 kg per 
hectare in the new pneumatic-harvester method 
and the HAKU method, respectively. The total 
emission was the highest for the pneumatic-
harvester method with an old harvester, 18.9 kg 
per hectare. Since the produced peat volume per 
harvest in the HAKU method is higher than in 
the new pneumatic-harvester method, total PM2.5 
emissions per produced peat volume can be 
estimated to be of the same order of magnitude. 
Similarly in the pneumatic method the collection 

Table 1. Details of the measurements and PM2.5 fugitive emission rates (g s–1) at Konnunsuo peat bog in summer 
2000 (HAKU method) and at Kaikonsuo peat bog in summer 1999 (pneumatic-harvester method).

Production method Phase1 Summer Wind speed Peat moisture PM2.5

   (m s–1) content (%) emission (g s–1)

Pneumatic harvester Milling 1999 4.5 40–45 1.7
Pneumatic harvester Milling 1999 4.7 40–45 3.1
HAKU Milling 2000 1.3 – 5.0
Pneumatic harvester Harrowing 1999 3.8 53 5.8
Pneumatic harvester Harrowing 1999 3.8 53 4.0
Pneumatic harvester Harrowing 1999 3.8 53 7.5
HAKU Harrowing 2000 4.5 – 9.4
HAKU Ridging + miling 2000 2.4 34 2.7
HAKU Ridging + miling 2000 2.4 34 6.4
HAKU Harvesting 2000 2.0 37 3.9
HAKU Harvesting 2000 2.0 37 12
HAKU Harvesting 2000 1.7 43 9.5
HAKU Harvesting 2000 1.7 43 5.9
Pneumatic harvester Harvesting, JIK 40 1999 7.4 59 1.4
Pneumatic harvester Harvesting, JIK 40 1999 4.0 36 0.6
Pneumatic harvester Harvesting, JIK 40 1999 4.0 36 0.9
Pneumatic harvester Harvesting, JIK 40 1999 4.0 36 5.8
Pneumatic harvester Harvesting, JIK 40 1999 3.3 50 0.4
Pneumatic harvester Harvesting, JIK 40 1999 3.3 50 0.3
Pneumatic harvester Harvesting, JIK 35 1999 7.3 < 58 6.7
Pneumatic harvester Harvesting, JIK 35 1999 7.2 < 58 11
Pneumatic harvester Harvesting, JIK 35 1999 7.2 < 58 5.3
Pneumatic harvester Harvesting, JIK 35 1999 2.9 29 1.6
Pneumatic harvester Harvesting, JIK 35 1999 2.9 29 8.2
Pneumatic harvester Harvesting, JIK 35 1999 2.9 29 43

1JIK 40 = new pneumatic-harvester, cyclone emissions 0.3 g s–1, JIK 35 = old pneumatic-harvester with no second-
ary cyclones, cyclone emission 0.6 g s–1. – = not measured.
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Table 2. Details of the measurements and PM2.5 emission rates (g s–1) for unloading, loading and shaping of the 
stockpile at Konnunsuo peat bog in summer 2000 and at Kaikonsuo peat bog in summer 1999.

Production phase1 Summer Wind speed (m s–1) Peat moisture content (%) PM2.5 emission (g s–1)

Unloading 1999 1.8 36 9.6
Unloading 1999 1.8 36 8.9
Unloading 1999 1.6 43 45
Unloading 1999 1.6 43 11
Unloading 1999 1.6 43 14
Unloading 1999 1.8 43 17
Unloading 1999 1.5 43 15
Bulldozer 1999 4.0 – 20
Bulldozer 1999 4.0 – 3.9
Bulldozer 1999 4.0 – 3.7
Bulldozer 2000 5.8 33 46
Loading to lorry 2000 2.0 44 0.2
Loading to lorry 2000 2.0 44 0.5
Loading to lorry 2000 4.7 44 7.2
Loading to lorry 2000 4.7 44 1.4
Loading to lorry 2000 2.7 43 0.3
Loading to lorry 2000 2.7 43 0.2
Loading to lorry 2000 3.1 42 0.4
Loading to lorry 2000 3.1 42 0.1

1Unloading = Unloading into the stockpile with JIK 40. – = not measured.

Table 3. Time activity data and average PM2.5 emission rates (in g s–1 from Table 1) used in calculating total emis-
sion per harvest (Table 4).

Production phase1 Velocity Runs per strip Runs per Runs per  PM2.5 emission
 (km h–1)  harvest, HAKU harvest, pneumatic rate (g s–1)

Milling 12 2 1 1 3.3
Harrowing 9 1 5 2 6.7
Ridging-milling 12 2 3 0 4.3
Harvesting, HAKU 3.5 1 1 0 7.8
Harvesting, JIK 35 8 5 0 1 13.2
Harvesting, JIK 40 8 5 0 1 1.9

1JIK 40 = new pneumatic-harvester, cyclone emissions 0.3 g s–1, JIK 35 = old pneumatic-harvester with no second-
ary cyclones, cyclone emission 0.6 g s–1.

Table 4. Total emission per harvest (kg ha–1) in the different production methods.

Production phase1 HAKU (kg ha–1) Old pneumatic (kg ha–1) New pneumatic (kg ha–1)

Milling 1.0 1.0 1.0
Harrowing 7.1 2.8 2.8
Ridging-milling 3.8 – –
Harvesting, HAKU 4.0 – –
Harvesting, JIK 35 – 15.1 –
Harvesting, JIK 40 – – 2.1

1JIK 40 = new pneumatic-harvester, cyclone emissions 0.3 g s–1, JIK 35 = old pneumatic-harvester with no second-
ary cyclones, cyclone emission 0.6 g s–1.
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cycle is faster (one to three days) as compared 
with that in the HAKU method (five to seven 
days), and therefore similar total emissions were 
produced during the same period of time (two 
pneumatic cycles corresponds approximately to 
one HAKU cycle).

Influence of peat moisture and air 
temperature on wind erosion

Wind erosion depends on peat quality, weather 
conditions and operational phase. Wind dust 
emissions are sporadic and spatially heterogene-
ous and cause difficulties for a precise assess-
ment of their impacts (Fecan et al. 1999). The 
wind erosion occurs when a threshold value of 
the wind velocity is reached. The threshold value 
depends on peat surface features such as its water 
content and the decomposing level of peat.

The ability of wind to cause erosion is 
strongly and nonlinearly dependent on wind 
energy (Merrill et al. 1999). On the other hand, 
at high wind speeds the dilution is more efficient 
and particles are dispersed over long distances 
and concentrations in the neighbourhood of the 
source may be lower than at low wind speeds.

The thickness of the milled peat layer, the 
water content of peat and air temperature influ-
ences the amount of wind-raised dust. A thick 
layer of loose peat increases the probability of 
the wind erosion. Clausnitzer and Singer (2000) 
observed that for cultivation operations under 
widely different environmental conditions, the 

PM4 (particles smaller than 4 µm in aerody-
namic diameter) dust concentrations decreased 
as a power function of the soil water content and 
increased linearly with the air temperature. The 
influence of the moisture content has been attrib-
uted to the cohesion and adhesion forces of water 
and soil and to the effect on the weight of the 
soil particles (Fecan et al. 1999, Clausnitzer and 
Singer 2000). The peat dries from milling to har-
vesting and thus the probability of wind erosion 
is highest on strips just before harvesting.

In agricultural areas a threshold value of 
wind speed erosion was 4 m s–1 (Clausnitzer 
and Singer 2000). The threshold value on the 
peat field is somewhat lower, probably due to 
difference in the dust density. The emission of 
PM2.5 particles increased with over 4 m s–1 wind 
speeds (Table 5). At 4 m s–1, the PM2.5 emission 
due to wind erosion was about 5 µg m–2 s–1. 
When the peat bog surface did not have a layer 
of milled peat, the amount of wind-raised dust 
was substantially lower. When the layer was 
thick (e.g. after harrowing), the wind erosion 
was very high. Consistently the highest emis-
sions occurred during combination of high wind 
speed and dry layer of milled peat on the field. 
However, the number of data was limited and 
more information is needed.

Particle mass fractions

The major particle mass emission was attributed 
to particle sizes larger than 10 µm (Table 6). The 

Table 5. Details of the measurements and PM2.5 emission rates (µg m–2 s–1) for wind-raised dust at Konnunsuo peat 
bog in summer 2000 (HAKU method) and at Kaikonsuo peat bog in summer 1999 (Pneumatic harvester method).

State of the field Summer Wind speed (m s–1) Peat moisture PM2.5 emission
   content (%) (µg m–2s–1)

After harrowing 1999 4.2 40 10.4
After harrowing 1999 4.2 40 4.7
No milled layer of the field 1999 2.6 30–43 0.7
No milled layer of the field 1999 2.6 30–43 0.4
After ridging 2000 2.4 55 3.2
After ridging 2000 2.4 55 0.0
After harrowing 2000 3.4 28 0.0
After harrowing 2000 6.0 28 7.1
After harrowing 2000 4.6 – 7.3
After harrowing 2000 4.6 – 5.2

– = not measured.
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Table 6. Mass fraction of the Total Suspended Par-
ticulate (TSP) mass at Konnunsuo peat bog in summer 
2000 for different peat production operations.

Production < 2.5 µm 2.5–10 µm > 10 µm
phase (%) (%) (%)

Milling 10 15 75
Ridging 38 23 38
Harvesting, HAKU 23 15 62
Pile shaping 75 5 19
Loading to lorry 20 12 68
Wind erosion 74 6 20
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average PM10 mass fraction for all operations 
was 47% and the PM2.5 mass fraction 33% of the 
TSP mass. The PM2.5 fraction was, however, very 
high in the wind-raised dust and during the pile 
shaping. The higher settling velocity of coarse 
particles may affect the size distribution of wind-
raised dust in wide peat production areas. There 
is only one measurement of the size distribution 
of the pile shaping and the reason for the high 
portion of PM2.5 particles is unknown.

Dispersion

With FDM the concentrations at the peat bog 
area and its surroundings can be studied for dif-
ferent emission rates and weather conditions. If 
other conditions are kept constant, the concentra-
tions observed at receptor sites are proportional 
to the source emission rate (Fig. 4). Naturally, 
also the wind direction in relation to the strip 

orientation affects the concentrations with essen-
tially higher concentrations when the wind is 
parallel to the strips.

The most common Pasquil stability classes 
during the most active phase of peat production 
in summer in Finland are B and C (Yli-Tuomi 
et al. 1999b) (Fig. 5). Annually, the stability is 
classified as B for 2.7% and as C for 5.7% of the 
hours. During summer, the prevalence of B is 8% 
and C is 15% (Kukkonen and Savolainen 1988).

Conclusions

Fugitive emissions and wind erosion are impor-
tant dust sources in the milled peat production. 
The emission rates depend on peat quality and 
peat production method as well as prevailing 
weather conditions. Based on the measurements 
made at the Konnunsuo peat bog, the lowest cal-
culated fine particle emissions per extracted peat 
harvest were observed from the milling phase 
(1 kg per hectare per one harvest) in both the 
HAKU and the new pneumatic-harvester meth-
ods. The emission levels from the other opera-
tional phases were higher and varied from 2.1 to 
15.1 kg per hectare for one harvest.

The total emissions per harvest amounted 
to 6.0 and 15.9 kg per hectare in the new pneu-
matic-harvester method and the HAKU method, 
respectively. Since the produced peat volume in 
the HAKU method is higher (larger volume per 
harvest) than in the new pneumatic-harvester 
method, it can be estimated that the total PM2.5 

Fig. 4. PM2.5 concentra-
tion versus downwind 
distance from peat pro-
duction for different emis-
sion rates defined by the 
FDM model. Assumptions: 
sun radiation is moder-
ate, temperature 20 °C, 
wind speed 3 m s–1, sta-
bility class B, emission 
source width 20 m, emis-
sion height 0 m, number 
of milled strips 3, length of 
strips 1 km.
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emissions are of the same order of magnitude.
Momentarily during the peat harvesting and 

in the stockpile shaping operation, the fugi-
tive emissions may rise high and result in dust 
dispersion over longer distances. The highest 
concentrations were in a range up to 200 meters 
from the operations. Kartastenpää et al. (1998) 
measured PM10 concentrations outside peat pro-
duction areas. As compared with the present EU 
daily limit value 50 µg m–3 (EUR-Lex 1999), the 
observed concentrations were lower, 11 to 49 
µg m–3. However, short-term harmful influences 
on living conditions in the neighbourhood of 
peat production areas could be observed under 
certain environmental conditions.

With technological improvement the emis-
sions from the pneumatic-harvester method have 
been reduced approximately by 90%. Generally, 
the emission reduction is difficult because low 
peat humidity content is preferred and the emis-
sions are mainly from fugitive sources.

In 1991, about 6500 persons lived in the 
vicinity of the 335 peat production areas in Fin-
land (Vartiainen et al. 1998). In order to decrease 
the costs of the peat transport, there is an increas-
ing pressure to utilize also the bogs located close 
to large population sites. The emission rates 
estimated in this study can be used for the envi-
ronmental impact assessment and in air quality 

studies in areas where peat production might be 
a significant particulate pollution source.
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