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Abstract. The quality of atmospheric air and level of its pollution are now
one of the most important issues connected with life on Earth. The frequent
nuisance and exceedance of pollution standards often described in the
media are generated by both low emission sources and mobile sources.
Also local organized energy emission sources such as local boiler houses
or CHP plants have impact on air pollution. At the same time it is
important to remember that the role of local power stations in shaping air
pollution immission fields depends on the height of emitters and
functioning of waste gas treatment installations. Analysis of air pollution
distribution was carried out in 2 series/dates, i.e. 2 and 10 weeks after
closure of the CHP plant. In the analysis as a reference point the largest
intersection of streets located in the immediate vicinity of the plant was
selected, from which virtual circles were drawn every 50 meters, where 31
measuring points were located. As a result, the impact of carbon dioxide,
hydrogen sulfide and ammonia levels could be observed and analyzed,
depending on the distance from the street intersection.

1 Introduction

Formation of air, water and soil pollutants has always been inseparably linked with the
history of human development. The problem of environmental pollution is to be considered
both globally [1-6] and locally [7-12], since individual elements can affect the environment
at different scales and at different times. This is a result of the simultaneous increase of
industrial production, and consequently the increase of demand for heat and electricity, as
well as the systematic increase of population and of its density in a given area and the
creation or development of the so-called urban and rural tissue [13-15].

Therefore, in order to ensure that present and future generations can live in a unpolluted
environment, pollution from anthropogenic sources, including in particular those related to
energy industry and transportation should be controlled and reduced [16-19].

At the same time, the question arises: what to do with objects or entire areas that were
previously heavily exploited, e.g. as a result of the operation of CHP plants, and have
become degraded. The solution may be to carry out the reclamation and/or revitalization of
such sites. This is especially true in cities where old boiler houses, heating plants and CHP
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plants are located in the centers, and now their look and pollution of the neighborhood
arouse repulsive sensations [20-21].

For this reason, it seems interesting to analyze such air pollutants as carbon dioxide
(CO»), hydrogen sulfide (H»S) and ammonia (NH3), especially when it refers to the area of
nearly 20 hectares of a former CHP plant located in the vicinity of residential and
commercial buildings and in the immediate vicinity of a big city center. In the world such
objects/sites have now a second youth because of problems with the so-called urban sprawl
which generates more and more costs and introduces additional planning and urban
constraints. Therefore, more and more often a so-called ‘return to the center’ is observed.
This, however, must be safe for future users [22-24].

The three selected pollutants are very common during the operation and closing of such
industrial plants. Their excessive concentrations are or may be hazardous to human health
(Table 1).

Table 1. Maximum allowable concentrations (MAC) of carbon dioxide (CO2), hydrogen sulfide
(H2S) and ammonia (NH3) in selected countries [25-28].

Carbon dioxide (CO2) Hydrogen sulfide (H2S) Ammonia (NH3)
Country MAC, Instantaneous | MAC, | Instantaneous | MAC, | Instantaneous

mg/m* | MAC, mg/m® | mg/m® | MAC, mg/m*® | mg/m* | MAC, mg/m?

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

. 9131 14
Belgium (5000) 54784 (30000) | 7(5) 14 (10) 20) 36 (50)
France (2888) - 7(5) 14 (10) 7 (10) 14 (20)
German 2100 118500 (10000) | 7.1 (5) 14.2 (10) 14 28 (40)
Y| (5000 : : 20)

Poland 9000 27000 7 14 14 28
Sweden 2000 118000 (10000) | 7 (5) 14 (10) 14 36 (50)

(5000) (20)
Great 9150 18
Britain (5000) 27400 (15000) | 7(5) 14 (10) (25) 25 (35)
usA: 2000 | 54000 30000) |~ 2o 2 2739
TNIOSH | (5900) (30000) (25)

9000 - 30 (20) 35
—OSHA | (5000) “) 70 (50) (50) B

9000 -
UE (5000) 7(5) 14 (10) 14 36

2 Methodology of measurements

The EC-2 plant (Fig. 1) is located in Lodz (Poland) in the district of Gdérna at the
intersection of Wroblewskiego Street and Aleja Politechniki. The analyzed area in the
north-west and west is adjacent to industrial buildings, while in the north, east, south and
south-west direction with residential development. Additionally, in the north and east 300
m from the site there are 3 and 11 storey buildings (these are mainly the buildings
belonging to the Lodz University of Technology: 19th century palaces and revitalized post
office buildings, as well as student houses inhabited for 10 months a year).

Therefore, it can be assumed that around the former EC-2 plant dominate buildings with
a height exceeding 5 m, for which the average coefficient of acrodynamic roughness is 2 m.
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At the same time, according to [29-30], on the area affected by the EC-2 plant operation
there have been no national parks or forest complexes and spa areas or historical
monuments included in the World Heritage List as well as the areas belonging to the
European network Natura 2000.

-

Fig. 1. Location of the analyzed CHP plant, i.e. EC-2 plant in £6dZ [31].

The largest intersection of streets in the immediate vicinity of the studied site was
chosen in the analysis as a reference point from which every 50 m virtual circles were
drawn (Fig. 2) with 31 measuring points located on them (Fig. 3). For measurements, a
VEGA-GC micro-chromatograph [32] was used, which allowed for analysis in field
conditions. The device was equipped with 2 batteries, a tank with carrier gas (helium),
sample pump and computer module, as well as 2 parallel columns to measure CO2, H,S
and NH3. The micro-chromatograph had a thermal conductivity detector (TCD) capable of
analyzing samples with a minimum concentration of 500 ppb (0.005 ppm) in 6 to 300
seconds depending on the type of gas being tested.

A method for measurement of gaseous pollutants developed by Cichowicz [33-34] was
used. Location of the measuring points on the virtual circles was dependent on the
possibility of safe and repeatable adjustment of the device (at each measuring point three
samples of air were taken). The measurements were carried out in 2 series/dates, i.e. 2 and
10 weeks after closing the CHP plant (17 April 2015 and 11 June 2015). During each
measurement series, the concentration of pollutants was analyzed in 31 selected measuring
points located on the circle lines with a common central point located at the crossing of the
Wréblewskiego Street and Aleja Poltechniki, every 50 m (according to Fig. 2), collecting
and analyzing three times the air sample at a 90 second interval and for further analysis
taking the average value. At each measuring point, CO», H>S, NH3 and air temperature, as
well as the wind direction and velocity were measured. The information on pressure and
relative humidity was read from the meteorological station located about 5 km in a straight
line from the Reymont airport in £.6dZ [35]. The measuring device was always positioned in
the direction free from buildings and additionally an external device equipped with a GPS
receiver was used. In the moment when a sample was dosed, the device recorded date, time
and coordinates from the GPS system on the memory card (Table 2).
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Fig. 3. Location of the measuring point.

Table 2. Parameters necessary for numerical analyses (boundary conditions) [35].

Date of measurement/ Parameter 17.04.2015 11.06.2015
Temperature [°C] -3 +-1 5+7
Cloudiness light overcast sunny
Wind flow velocity [km/h] 13+ 15 9+ 13
Wind direction W+ NW SW
Pressure [hPa] 1011 1022
Relative humidity [%] 40 + 58 31+43
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3 Results of measurement

The measurements together with the analysis of literature data [29-30] are aimed at
verifying if the area of the former CHP plant affects the environment (does not exceed the
permissible air quality standards - Table 1) and if it might be subjected to post-industrial
space revitalization.

On the virtual circles there were measuring points at which the following atmospheric
air pollutants were measured: CO, (Fig. 4), H,S (Fig. 5) and NH3 (Fig. 6). All results
obtained are below the maximum limit concentrations of specific pollutants and therefore
do not adversely affect air quality in the analyzed area. It would be advisable to carry out
this analysis again after a longer period of time to check the trend line for different levels of
pollution and to eliminate the impact of the decommissioning activities that took place on
the area of the former CHP plant during the two measurement series. In addition, to
complete the knowledge of this area it might be useful to analyze pollutants present in the
soil.
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Fig. 4. Change in CO2 concentration depending on the distance from the intersection (April and June
2015).
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Fig. 5. Change in H2S concentration depending on the distance from the intersection (April and June
2015).
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On the basis of the measured data (Fig. 4), the average concentration of CO, was
calculated for both series, which was 439.135 ppm and 420.503 ppm for April and June
2015, respectively. Thus, the concentration was reduced by 4.43%, but the level of
pollutants in comparison to neighboring areas of public utility [32] was higher by about
13.51% on average.

In the analyzed period (Fig. 5), the average H»S concentration was 1.319 ppm for April
2015 and 1.161 ppm for June 2015. So, there was a noticeable decrease in pollution
amounting up to 13.65%. The presence of this type of gas can be hazardous to the
environment and is also associated with the remainder of technical infrastructure because
hydrogen sulfide occurs in both channels, waste tanks and over cesspool surfaces.

At the same time, despite the significantly different 2 average levels of H,S (300 and
400 m from the reference point), the linear trend of the slightly decline in pollutant
concentrations is generally visible, which varies with the distance from the streets crossing.
However, 2 very high concentrations of pollutant are most probably associated with point
sources of pollutant emissions, i.e. residues of chemicals and technical infrastructure
occurring in this area.
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Fig. 6. Change in NH3 concentration depending on the distance from the intersection (April and June
2015).

The situation was similar for NH3; whose average level was 1.650 ppm for April 2015
and 1.451 ppm for June 2015, i.e. a 13.74% pollution reduction occurred.

In addition, literature data [36] have been analyzed, which shows that in 2015 all CHP
plants in Lodz were responsible for 5.2% of the major pollutant emissions from point
sources in the entire Lodz Province. All emissions from the CHP plants decreased by
17.2% year on year (probably due to the closure of EC-2 plant on March 31, 2015).

At the same time, based on [36] referring to air pollutants in 2015, the average annual
concentration of SO; ranged from 4 to 9 pug/m3, of NO, exceeded 24 pg/m? in the areas not
directly affected by traffic emissions and was equal to 43.5 pug/m’ near the roadway. CO
concentrations were 600 ug/m’ in city centers, while at main transport routes they ranged
from 700 to 800 ug/m>. The last of the selected pollutants were PM10 and PM2.5, which in
city centers ranged from 25.6 ug/m® to 42.9 pg/m’ and from 21.1 pg/m?® to 22.1 pg/m3,
respectively.
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4 Summary

The measurements and analysis of literature data [29] showed that the area of the former
CHP plant had only slight environmental impact and did not exceed the permissible air
quality standards.

The use of gas micro-chromatograph allowed accurate measurements of concentrations
of carbon dioxide, hydrogen sulfide and ammonia as well as helped to investigate the
influence of the communication path on the levels of particular pollutants.

The results are consistent with the trend observed in the city of Lodz where in recent
years there has been a noticeable improvement in the quality of air, but this is not related to
increasing exceedance of pollutant emissions associated with the use of low energy sources
and the increasing number of mobile sources (rapidly increasing number of diesel vehicles).

It should be remembered that the role of the EC-2 CHP plant (as well as other CHP
plants in Lodz) in shaping the air pollution immission fields in this city was small or even
negligible owing to the size of the emitters and waste gas treatment installations. This is
confirmed by the ‘Air Protection Program in L6dz’ in which the CHP plants are not
indicated as a source of threats to the aerosanitary conditions in Lodz [36].

Such analyzes may help answer the question: whether and in what direction should
reclamation and/or revitalization in a given post-industrial site be carried out and whether it
is safe to use such degraded sites.

The author thanks Prof. Grzegorz Wielgosinski for help, valuable suggestions and opinions.
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