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Abstract 

 

Unlike air pollution outside, most publicized, the indoor air remained relatively unknown until 

early 2000. Yet, we spend on average in temperate climate, 90% of our time in closed environ-

ments, and a majority of that time in the home: home, work premises or to receive the public, 

means of transport, in which we can be exposed to many pollutants. The nature of these pollu-

tants depends on particular characteristics of the structure, activities and behaviors (tobacco, 

paint, etc.) and these pollutants can affect the health and well-being. The quality of indoor air 

is therefore subject of concern for many years and has emerged as a major public health issue. 

 

Mold development and production of mycotoxins associated in some collective and individual 

buildings is likely to cause diseases, including allergic (rhinitis, asthma, skin and mucosal al-

lergies). These dangers are of concern to susceptible populations (children, patients whose im-

munity is depressed, workers, etc…). 

 

This study is based on the small town of Mikkeli in the region of Southern Savonia, specifically 

the area surrounding the campus of the Mikkeli University of Applied Sciences. The quality of 

indoor air through the technique of Andersen sampler to collect and identify the different fungi 

and bacteria that may have a pathogenic effect on humans. According to European Union mold 

exposure standards, three sampling areas (P2, P3 and Y2) have a seem-like yeast contamination 

level above 50 CFU/m3
 (First level of contamination: < 50 CFU/m3 – Very Low). Moreover, 

two sampling areas that exceeded the first level of contamination for Actynomycetes were ob-

served (P3 and Mt2). Finally, the first level of contamination was also exceeded for molds on 

four different sampling areas (P3, Y1, Y2 and Y3). 
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1 INTRODUCTION  

 

In recent years, the indoor air quality became a growing concern and a major public 

health issue. In industrialized countries, people spend on average 80% of their time in 

indoor spaces enclosed or semi-enclosed (housing, workplaces, schools, recreational 

areas, sports facilities, shops, transport, ...). The identification and removal of biological 

contaminants thus become a priority concerning the quality of the indoor environment. 

Indeed, many compounds as microbial volatile organic compounds (MVOC), allergenic 

proteins or mycotoxins can be produced in our buildings and thus decrease the indoor 

air quality. Moreover, the indoor environment is also affected by rising energy costs, 

since the oil crisis of the 70s, which generated a building insulation improvement de-

mand and a decrease of the aeration to limit heat loss. These changes result in a deteri-

oration in the quality of indoor air and proliferation of bacteria and molds.  

 

Currently, only a small percentage of these microbial contaminants have been impli-

cated in adverse health effects. However, they are majority responsible of the sick build-

ing syndrome (SBS), that is to say the set of non-specific symptoms, isolated or associ-

ated symptoms, occurring in persons occupying a same building. Furthermore, they 

could be responsible of inflammation of eyes and respiratory system, fatigue, headache, 

and in some cases, severe pulmonary problems for people suffering of immunodefi-

ciency. In case of Finland, according to the "Moisture and Mould Programme", approx-

imately 600,000 to 800,000 Finnish people out of 5,5 million are exposed daily to indoor 

contaminants and impurities caused by microorganisms. Among the people affected, 

the main buildings responsible for this problem are private homes but also schools [1] 

and daycare centers. So it is important to perform analyzes to identify the presence of 

these elements and prevent risks on the populations. 

 

This study is based in the town of Mikkeli, a 58 000 inhabitants city in the region of 

Southern Savonia, close to the area surrounding the campus of the Mikkeli University 

of Applied Sciences (MAMK). Theoretical part of this study presents the different tech-

niques of analysis that can be done concerning pollution of indoor air by microorgan-

isms, but also the various analytical results obtained. Concerning health impacts, several 

hypotheses could be formulated. Indeed, having only the analysis for the Anderson sam-

pler, the evaluation of the possible health problems thanks to this technique can not be 
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sufficient to obtain a rigorous conclusion on the health impacts. Finally, we can com-

ment theoritical and analytical part concerning the different  air sampling (different 

population, concentration…) 

 

2 THEORY 

 

Before introducing the subject, it is necessary to make a presentation of the concept of 

mold and mycotoxins, but also different parameters for microbial growth. In addition, 

an explanation of the sick building syndrome is required to understand the issues related 

to the quality of indoor air and a presentation of different standard limits for molds and 

bacteria. 

 

2.1 Presentation of molds and mycotoxines 

 

Among Eukaryotes, the Fungi are neither plants (since they don’t perform photosynthe-

sis) or animals but form a full reign. Formerly classified with algae, they now form an 

autonomous kingdom [1, 12]. Through the metabolism of photosynthesis, green plants 

can directly fix carbon dioxide from the air: they are said autotrophic. This isn’t the case 

of fungi which are heterotrophic: they must find the carbon needed for their life in their 

immediate environment, in the form of organic matter. They feed organic matter dis-

solved by osmotrophy the following nutrition modes:  

 Saprophytism: fungi can feed on dead organic matter or decaying (dead leaves, 

plant or animal debris, feces). They contribute to the recycling of organic matter. 

 Mutualism: fungi can live in harmony with other living beings autotrophes to 

the point that one can not live without the other. 

 Commensalism: A fungus is called “commensal” if he takes advantage of his 

host without harming it (he uses eg as a carrier). 

 Parasitism: fungi can also take advantage of the living organic matter. They are 

parasites and live at the expense of a living on their own account. Often patho-

genic, they cause disease and sometimes cause death to their hosts. 

 Carnivory: Some mushroom species are carnivorous, they deploy traps to cap-

ture their food. 

 

Fungi play a central role in many ecosystems, such as symbionts of trees, but mostly as 

decomposers completing the carbon cycle and many elements. With bacteria, they are 
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decomposers most involved in the degradation of organic matter and humus production 

in terrestrial ecosystems and play a crucial role in biogeochemical cycles and food 

chains. Some fungi are active in wetland and aquatic environments. Under certain con-

ditions, a cell, called the spore will germinate by emitting a filament. During the devel-

opment of the mold, while a network of filaments grows concentrically around the 

spore. The mold then forms a colony called mycelium colonizing the support in the 

degrading. All fungi are saprophytic, meaning they grow on and at the expense of very 

various inert materials such as paper, wood or food [3]. 

 

The presence of indoor mold has become over the years a concern for both health pro-

fessionals and the population in general. Indeed, in recent years more and more studies 

conducted in North America and Europe have highlighted a possible link between the 

presence of indoor mold, the mycotoxines produced and various health damage. Myco-

toxins are toxins produced by various species of mold can be toxic to humans. They are 

low molecular weight molecules (< 1000 Daltons) that are difficult to degrade.  

 

The effects of mold on the health of occupants depending on the mode and extent of 

exposure, the nature of the agent involved and susceptibility of exposed individuals 

(health, age, etc.). The main symptoms due to the presence of indoor air bacteria and 

molds [4]: 

TABLE 1. Symptoms and impacts on health of indoor air molds and bacteria 

Symptoms od the respiratory system 

Cough, sputum, irritation of the nose and throat, runny nose, 

sneezing, noisy breathing (wheezing), difficulty breathing, 

chest pain. 

Respiratory allergies 
Rhinitis, alveolitis, bronchitis, asthma, pneumonitis hyper-

sensitivity. 

Non-respiratory symptoms Eye irritation, lesions and tissue infections. 

Skin allergies Skin irritation, dermatitis.  

General toxic effects 
Fever, chills, headache, nausea, vomiting, diarrhea, immune 

system deficiencies, fatigue, hair loss. 

  

2.2 Temperature and humidity : Impacts on microbial growth 

 

The management of temperature, humidity and ventilation is an important element in 

the interraction between humans and microorganisms. Indeed, these factors are primar-

ily responsible for microbial growth as well as their distribution in the indoor environm- 
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-ent. As regards the temperature and humidity it is seen that the optimum temperature 

for microbial growth is between 40°F (≈ 4.4°C) and 100°F (≈ 37.8°C), relative humid-

ity, for its part, must be higher than 70% (FIGURE 1). 

2.3 Dampness of buildings 

 

In the indoor air environment, many viable or non-viable micro-organisms are present, 

thus forming a complex of biological contaminants. These contaminants can take dif-

ferent forms such as bacteria, pollen, fungi, for example, and can be highly allergenic 

for people living in the medium. The presence of these elements is induced by dampness 

problems, that is to say when the different materials in a building become sufficiently 

damp to generate material damage or visible mold growth. This moisture thus generates 

the growth of these biological contaminants which may result symptoms on human 

health such as asthma or respiratory symptoms. Dampness can also be an indicator of 

poor ventilation who can cause an increase of other potentially harmful indoor pollu-

tants. Three types of moisture which are generally found in a building [11]: 

1. Condensation: Most common cause of dampness in buildings. This moisture 

have an impact on old or new buildings and is directly associated with mold 

growth. It's cause warm and moist air meets a cooler surface. 

2. Rising Dampness: Principally caused by the absorption of the humidity of the 

ground by the walls. 

3. Penetrating Dampness: This phenomenon is caused when water enters through 

the walls. 

FIGURE 1. Main elements for microbial growth 
 

(Source : Trane, 2002, “A guide to Understanding  

ASHRAE Standard 62-2001”) 
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2.4 Techniques for measuring biological contaminent and Legislation 

 

The detection, sampling and identification of microorganisms, especially of fungi, are 

important to mitigate the indoor air quality problems. Concerning the sampling meth-

ods, there are two types, culturable methods and non-culturable methods  [6]. 

 

Culturable methods are traditional microbial detection methods based on culturing of 

microosganisms on culture mediums. The advantages of this method are the possibility 

to identify the microbial genera or species in samples and the huge amount of reference 

materials concerning the microorganisms. However, this methods includes binding lim-

itations. Indeed, only 10% of microbes occurring in indoor air (or materials) are cul-

turable. Moreover, problems with the culture mediums is observed, the culture mediums 

and the incubation conditions can affect the results. There is no single medium that 

permits the growth of all microbes or there is some species that grow poorly on most 

media. One of the biggest problems of culturable methods is the interactions between 

the microbial colonies developing on the agar medium which may influence the results.  

The culturing is time consuming and labor intensive, but also require a significant num-

ber of materials such as growth media and therefore, a costly technique [28]. 

 

Non-Culturable methods are based on finding compounds from microorganisms like 

MVOCs, mycotoxins could be linked to the dusts, the use of markers to search for struc-

tural or constituent components of microorganisms, etc … These methods can be effec-

tive to assess pollution of indoor air. However, they do not identify precisely the micro-

organisms found in the contaminated area. 

 

Concerning the identification methods, we can distinguish the phenotypic identification 

including “traditional” method based on the macroscopic and microscopic characteris-

tics, the methods based on physiological characteristics and finally, the molecular meth-

ods based on the characteristics of sequences nucleic acids (DNA). 

 

2.4.1 Enzymatic & PCR methods in analysis 

 

Thanks to advances in the field of molecular biology, some precise and rapid techniques 

have been developed. They are based on different structures necessary for the proper 

functioning of cells and their interractions. These two different structures are:  
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Enzymes: These are proteins consisting of amino acid chains allowing the activation or 

acceleration (catalyst) of chemical reactions.  

DNA: Deoxyribonucleic acid  is a macromolecule composed of a succession of nucleo-

tides (adenosine, cytidine, guanosine and thymidine), carrier of genetic information [3].  

 

2.4.1.1 Mycometer 

 

The mycometer is a test method for onsite quantification of fungal particles in air build-

ing. The methodology measures the level of fungal particles in terms of viable and most 

nonviable spores and hyphal fragments. It quantifies fungal particles in the air by meas-

uring the level of the enzyme, β-N-acetylhexosaminidase (NAHA) from airborne fungal 

particles captured on a 0.8 μm MCE (Mixed Cellulose Ester) filter in sampling cassette.  

 

The enzyme present in the fungal cells hydrolyzes the enzyme substrate, so a fluores-

cence can be observed when the mixture is excited with ultraviolet light (365 nm). For 

sampling, it is necessary to collect 300 L to 600 L at a flowrate of 20 L/min. In addition, 

it should be performed at approximately 1,45 meters from the ground in order to obtain 

representative samples from the medium [7]. 

 

To analyse the cassette filters, 1 mL of the enzyme substrate will be added to the filter 

and incubate for around 30 minutes (the exact time being set by the room temperature). 

Thereafter 2 mL of an alkaline buffer is added to the filter and the liquid in the filter 

holder is sucked out through the filter and collected in a cuvette. The fluorescence of 

this fluid can be read on fluorometer and the fluorescence value for a control filter is 

FIGURE 2. Mycometer® Air 

(Source : MOULDNMORE, 2015, “On site mould testing”) 
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deducted from the sample value. To obtain a more robust measure and avoid non-in-

formative figures, the values read in the fluorometer are divided by ten and given as a 

round figure to express the N-acetylhexosaminidase (NAHA) enzyme activity in units 

(EU per m3). So, the amount of fluorescence correlates to the amount of fungi present 

in the sample [7]. 

 

 

 

 

 

 

 

 

 

 

After fluorescence analysis, there are three levels represented by three different colours 

where yellow and red colour mean a mold grow. Concerning the green colour, it means 

that the level of mold is not above normal background level (2.4.2 Legislation ; < 200 

CFU/m3). For the yellow color, the level of mold is above normal background level (> 

200 CFU/m3). It is typically due to high concentrations of spores, hyphal fragments in 

dust deposits but may in some cases indicate the presence of mold damage (mold 

growth). And finally, for the red colour, the level of mold is high above normal back-

ground levels due to mold growth (>1000 CFU/m³). 

 

2.4.1.2 PCR and other molecular methods for identification 

 

There are several molecular biology techniques for identifying different species of 

mold. These techniques have a high identification rate, because they use the DNA as a 

reference and using PCR to amplify specific DNA sequences for identification. Among 

these molecular biology techniques, two of them will be detailed. First, the quantitative 

Polymerase Chain Reaction (or qPCR), and the second, the use of specif oligonucleotide 

(short segments of nucleic acids, as RNA or DNA, of a few tens of nucleotides) arrays 

In order to introduce these techniques, it is necessary to make a presentation of the PCR 

and its principle, to understand their identifications systems. 

 

ENZYME SUBSTRATE FLUORESCENT COMPOUND 

FUNGAL ENZYME 

FIGURE 3. Fluorometric Detection of Fungal Enzyme Activity 

(Source : CETEC, 2015, “Mycometer® Air”) 
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The Polymerase Chain Reaction (PCR) is a melcular method of genic amplification in 

vitro allowing duplication of an DNA or RNA sequence known from a low amount of 

nucleic acid (specific DNA sequence) and specific primers consisting of synthetic oli-

gonucleotides of 20 to 25 nucleotides (FIGURE 4) [6]. 

The three steps constituting one cycle of PCR are performed at different temperatures 

to control the enzymatic activity : 

1. Denaturation of DNA by heating (10 to 15 minutes at 95°C). The hydrogen 

bonds are broken and the two strands of DNA separate. DNA passes as single 

stranded in the medium. 

2. Hybridization of the primers to the extremities of the desired sequence (2 to 60 

seconds at 50 to 60°C). Generally, the primers are in large excess.  

3. Elongation thanks to the action of a DNA polymerase which extends the primers 

by incorporating complementary deoxyribonucleic sequence (4 to 120 seconds 

at 72°C). 

 

FIGURE 4. Principe of PCR 
 

(John Pavlus, 2007, Scienceblogs) 
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This cycle is repeated many times to obtain an exponential increase of the target DNA 

sequence. In addition, in the development of the PCR reaction, the choice of primers is 

crucial. They will have a dual role: By hybridizing to the DNA template, they delimit 

the DNA region to be amplified (step 2 of the cycle) and, with their extremity 3' OH 

free, serving as a primer for DNA polymerase (step 3 of cycle). The oligonucleotide 

primers hybridize to the ends of the sequence that will be amplified, it is necessary to 

know the nucleotide sequences of the extremities of the amplified DNA region. This is 

at the extremities that the oligonucleotide primers will hybridize [6]. 

 

Quantitative PCR (qPCR) is based on the ability to track over time the PCR process 

using fluorescence (FIGURE 5). Fluorescent probes are fixed either on double-stranded 

DNA (SYBR technology) or on a specific DNA sequence (Taqman and Beacon tech-

nology). The fluorescence of the probes appear once they are attached to DNA. 

 

All the DNA present in the sample is extracted, then identified and quantified using 

fluorescently-labeled probes that are specific to the mold species of interest. Air samples 

will be taken on a polycarbonate filter with an air volumes of 7000 L or more, permitting 

an overloading (common for qPCR samples, greatly increasing the sensitivity of air 

sampling). This technique allows us to identify the different kinds of mold harvested 

and to be able to quantify them with precision [8]. 

 

Through sequence databases and a matrix table, it is possible, after PCR, to recognize 

the different molds thanks to various probes of oligonucleotides specific to each species. 

Oligonucleotide probes are designed from the Internal Transcribed Spacer (ITS) re-

gions.  

FIGURE 5. Principe of qPCR with SYBR Green 

 

(Plumet S and Gerlier D, Virol Methods, 2005) 
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This probes have been developed to identify a wide variety of pathogenic molds. ITS is 

a non-coding region and highly polymorphic of ribosomal DNA. It is a non-coding re-

gion and highly polymorphic (FIGURE 6. ITS regions). For this reason, it is very fre-

quently used in cell biology to demonstrate a genetic difference between two species, 

particularly in fungi. 

 

2.4.2 Legislation 

 

One of the major problems with the quality of indoor air is the absence of specific lim-

itations on mold and bacteria. Many factors affect on the establishment of specific lim-

itations like human sensitivity, particle toxicity or spore size or mass. 

 

Every human have a different sensitivity for allergic reaction against molds. Indeed, 

they are a wide variation in individual human reaction (better resistance to allergies, 

faster lymphatic reactions ...), allergenicity, pathogenicity, and toxicity for molds. 

TABLE 2. Example of sequences of molds 
 

(Wen-Tsung Hung, Shu-Li Su, Lin-Yi Shiu and Tsung C Chang, Rapid identification of allergenic and 

pathogenic molds in environmental air by an oligonucleotide array, 2011) 

FIGURE 6. ITS regions  

 
 

(Hart, Development of diagnostic systems for the study of the molecular epidemiology and taxonomy of the 

Aphanomyces fungus associated with EUS of tropical and freshwater fishes, 1997)  
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Moreover, cause of the different substrates upon which molds is growing, molds can 

have different impact on the human health [20]. 

 

Particle toxicity: The different toxins produce by microorganisms varies between molds 

species. The toxicity can ranging from none to probably highly toxic. Moreover, the 

toxicity of a same molds can varies with specific conditions (substratum, moisture...). 

 

Spore size or mass : A large spore contains potentially more harmful material than a 

small spore with the same toxicity. 

 

However, some references are used by the different organisms like European Union 

mold exposure standards (TABLE 3) [11] : 

TABLE 3. Indoor air molds counting levels 

 

(Baubiologie MAES, Building Biology Evaluation Guidelines SBM-2008, 2008) 

Indoor air molds counted (CFU/m³) Level of contamination 

< 50 Very low 

< 200 Low 

< 1000 Medium 

< 10000 High 

> 10000 Very high 

 

Concerning WHO (World Health Organisation), the pathogenic and toxinogenic fungi 

aren't acceptable in indoor air. Moreover, from 50 CFU/m³ of air of a single fungal 

species, the source of contamination needs to be identified [11]. 

 

3 MATERIALS AND METHODS 

 

During this study, several elements were used to allow the growth of the samples, their 

observations as well as their identifications. Thus, it is necessary to understand the use of 

this material and methods to carry out this case study.  

 

But, before every sampling, a wide range of parameters were measured (temperature, 

humidity, ...) in order to define parameters necessary for a good understanding of the 

results. 
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3.1 Indoor air sampling and cultivating 

 

In this study, all samplings were carried out with the Andersen sampler technique, a 

culturable method. It is one of techniques called “routine procedure” in laboratories. 

The use of an Andersen sampler (or Andersen impactor) is one of the most used cultural 

method in order to carry out indoor air samples. Indeed, it allows, through the use of a 

pump, filters and appropriate growth media, to cultivate molds and bacteria present in 

the air [7]. 

To proceed with sampling, it is necessary to previously clean the Andersen sampler with 

alcohol at 70° to avoid possible external contaminations, due to its storage and/or 

transport. This is composed of six floors (FIGURE 7 & TABLE 4) with supports for 

depositing the growth medium as well as different pore diameters. 

 

Indoor air passes through the various filters of the Andersen sampler with a flow rate of 

28.3 L/min during 10 to 15 minutes (depending on hypothesis). This has the conse-

quence the retention of spores and bacteria, allowing inoculation of the agar. The culture 

media are incubated for one to two weeks at ambient temperatures, allowing the devel-

opment of different microorganisms.  

 

A growth medium (petri dishes) containing molds and bacteria on the sixth floor can 

induce a higher risk for the resident of the building. In this study, Malt Agar 2%, DG-

18 agar and THG agar were used. 

 

TABLE 4. Stage size 

Stage Size (µm) Analogy 

n°1 > 7,0 Nasal cavity 

n°2 4,35 – 7,0 Pharynx 

n°3 3,3 – 4,65 Trachea and primary bronchi 

n°4 2,1 – 3,3 Secondary bronchi 

n°5 1,1 – 2,1 Terminal Bronchi 

n°6 0,6 – 1,1 Alveoli 

FIGURE 7. Different stages of 

Andersen Sampler 
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Malt Agar 2%: The agar malt extract is used for the enumeration of yeasts and molds. 

It contains malt extract, bacteriological agar-agar as well as chloramphenicol, an anti-

biotic growth promoting molds and yeasts and inhibiting the growth of bacteria. 

DG-18 agar: Dichloran Glycerol agar is recommended for the enumeration of yeasts 

and molds. It reduces the size of the mold of fronds and yeast colonies, to facilitate 

counting. It contains tryptone, glucose, potassium dihydrogen phosphate, magnesium 

sulfate, dichloran, chloramphenicol, glycerol and bacteriological agar- agar. 

THG agar: The trypton-yeast extract-glucose agar is used for the enumeration of bac-

teria. It contains tryptone, the autolytic yeast extracts, glucose and bacteriological agar- 

agar. Natamycin is added to the agar to prevent mold growth. 

 

Molds and bacteria are then identified by macroscopic and microscopic observation to 

assess the damage and potential toxins generated by them. 

 

3.2 Identification 

 

In this study, all of analysis were carried out with the macroscopic and microscopic 

observation. This technique doesn’t require much equipment or reagent, then it is very 

easy to implement. Indeed, the microscope and binocular loupe are the only instruments 

used during the observations.  

 

3.2.1 Macroscopic observation 

 

Macroscopic criteria are based on the observation of colonies and their front and back 

color, size, relief, appearance (filamentous, sticking), transparency (opaque, translu-

cent), the shape of the contours and pigmentation [7]. The smell of mold can be a very 

important element of identification, but given the potential risk of inhalation of spores 

and others, it is not advisable to proceed with an olfactory examination of cultures.   

 

3.2.2 Microscopic observation 

 

The microscopic criteria are based on the morphology of the different structures of 

mold: the type of thallus (septate or not), the hyphae (color, presence or absence of 

partitions, approximate diameter, and special structures), the structure and arrangement 

of spores (color, shape, partitions, ornamentation, and size), the origin of the spores 
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(endogenous or exogenous) and the reproductive organs (location, color, shape ...).  

 

All observations were made with a binocular optical microscope with ×10, ×40 and 

×100 objectives. In addition, a camera for microscopy was used to make some shots. 

To distinguish the different structures, lactophenol cotton blue staining is performed on 

the mold. Lactophenol Cotton blue (or methyl blue) is an acid dye. This is the dye the 

more suitable for general mycology because it is specific for callose, which is a major 

constituent of the cell wall of fungal hyphae. This coloration allows a good conserva-

tions of structures avoiding contraction and swelling of the cells.  

A first observation of structures is carried out with the ×40 objective to discern the 

general structure of the mold. To accurately observe spores and key structures allowing 

better identification, immersion observation is made with the ×100 objective and with 

the immersion oil to increase the resolving power of objectives.  

 

Many paper documents (book, publication, ebook…) [22] and several identification 

sites were needed to make identifications. In addition, with the help of the expert in the 

field, my tutor Maritta Jokela, many molds have been accurately identified. For exem-

ple, the use of the database of the University of Adelaide [23] allows to find a Gender 

of mold very precisely thanks to the macroscopic and microscopic aspects. The use of 

Lucid 3.5 software allows us, through a series of choices concerning structural infor-

mation (color colonies, forms spores ...), to make a selection among the known mold 

and identify it with a good accuracy. 

 

FIGURE 8. Microscopic observation of Penicillium with 

lactophenol cotton blue 

(Source : LEBRAT Julien, 2016) 
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However, this identification method is difficult, it requires specialized training and 

years of experience. In addition to requiring up to two weeks for identification, this 

method can be very inaccurate because of the variety and the resemblance of some spe-

cies. It is often difficult to get an accurate identification of mold, which can stop to the 

Genus. In conclusion, it is necessary to be critical with these results and realize them 

several times. 

 

4 RESULTS 

 

All my analyzes were performed around the university campus. However, considering 

the various aministrative procedures performed with the Mikkeli University of Applied 

Sciences,  I'm not allowed to disclose the location of some buildings that needs an access 

authorization. Of the six buildings analyzed, five are part of the university, and among 

these, two buildings have required access authorization. Following a request from an 

organization other than the University of Mikkeli, we were able to perform analysis in 

a building that had some problems due to water damage.  Thanks this request of a this 

person responsible for the building, we were able to perform indoor air bacteria and 

mold analysis.   

A total of thirteen different rooms were analyzed in different six buildings, so 36 sam-

pling of 10 and one of 15 minutes were performed to obtain optimum results on various 

FIGURE 9. Campus of Mikkeli University of Applied Sciences  

(Source : MAMK, 2016) 
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types of agars. Around 222 agar were inoculated and analyzed to identify different mi-

croorganisms present in buildings that may have an impact on human health. 

 

The first analysis was made in the second floor of the building J, just above the micro-

biology and chemistry lab. This place is generally use by teachers or by some students 

who make their intership. The results of the various parameters to be realized before 

analysis: 

 

TABLE 5. Parameters of the 2nd floor of the Laboratory 

Room Laboratory 2nd floor  Relative humidity 48.6% 

Breeding ground 
Malt 2%,  DG-18, 

THG 
 Ventilation - Activities - Closed 

Ventilation OK – 

Door open 

Sampling time 10 min  Window open - Captive 1 - Closed 

The sample taken at 15/01/16 - 13h20  
Number of persons during sam-

pling 
5 

The sampling height 0,95 m  Pets No 

Inside temperature 21,9°C  
Activities during the measure-

ment 
No activity 

Outside temperature -15,6°C  
The number and location of vis-

ible mold 
No 

 

Concerning the various molds obtained, we were able to analyze some of them. In fact 

we have noticed the presence of a particular colonies of  molds on the stage 4 and 5 in 

Malt 2% agar. After staining with lactophenol, the structure of these molds are reminis-

cent of Penicillium (FIGURE 8). Indeed, the colonies are in shades of green and made 

of a dense felt of conidiophores.  

 

In addition, the hyphae are branched or unbranched conidiophores and metulae are more 

or less cylindrical with smooth walls, with three to six phialides in the form of bottle. 

The analysis show the presence of long chains of small spores, round to oval (2.5-5 

microns).  All these elements enable us to hypothesize the presence of Penicillium.  

 

We have detected the presence of another type of easily identifiable mold. This mold is 

found on DG-18 agar, more precisely on the stage 4. So, the observation show the pres-

ence of conidiophores erected and terminated by a vesicle carrying a single row of phi-

alides, or a row of phialides and a row of metulae. These various parameters allows us 

to identify the presence of the mold Aspergillus. In addition, the fluffiness of the mold 

is also an indication concerning its identification. 
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On the stage 2 of THG agar, we can observe one colony different from the others. In-

deed, an overhead structure as well as  a mushroom appearance seems to be present. 

We observe the presence of Gram+ bacteria which gives rise to colonies composed of 

hyphae. Moreover, we can smell a strong bad smell from the agar. All of these elements 

indicate the presence of Actinomycete. 

Finally, regarding the rest of the colonies on different stages of agars, we were able to 

detect the presence of yeast. The presence of no specific structure was observed (only 

presence of unicellular cell), and the overall macroscopic appearance of the colonies 

confirms the hypothesis of the presence of yeast. 

 
TABLE 6. Results for the Second floor of J building, Molds 

 Localisation: Second floor laboratory 

 Stage Number & type of colony Identification 

Type of agar: 

Malt 2% 

n°4 

1 colony → Small molds - White colonies - Stringy YEAST 

1 colony → Big molds - Middle : Light green - Intermediate : 
White - Border : Yellow - Bellow : Yellow/Green 

PENICILLIUM 

n°5 

1 colony → Big molds - Middle : Light green - Intermediate : 
White - Border : Yellow - Bellow : Yellow/Green. 

PENICILLIUM 

5 colonies → White colonies - Stringy YEAST 

FIGURE 10. Microscopic Observation of Aspergil-

lus with lactophenol cotton blue 

FIGURE 11. Macroscopic observation, 

example of Actinomycete sp. 

(Source : LEBRAT Julien, 2016) 
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 At the end of the identification phase, so we can count the number of microorganisms 

(CFU) per m3 of air pumped for each agar. To do this, simply perform the following 

calculation:  

 

𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (𝐿 𝑡𝑜 𝑚3)

(𝑃𝑢𝑚𝑝 𝑓𝑙𝑜𝑤 × 𝑆𝑎𝑚𝑝𝑙𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑤𝑖𝑡ℎ 𝑝𝑢𝑚𝑝)
 ×

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 𝑜𝑛 𝑎𝑔𝑎𝑟 (𝑀𝑜𝑙𝑑𝑠 𝒐𝒓 𝑌𝑒𝑎𝑠𝑡𝑠)

(𝑃𝑢𝑚𝑝 𝑓𝑙𝑜𝑤 × 𝑆𝑎𝑚𝑝𝑙𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 𝑤𝑖𝑡ℎ 𝑝𝑢𝑚𝑝)

= 𝐶𝑜𝑙𝑜𝑛𝑖𝑒𝑠 𝑓𝑜𝑟𝑚𝑖𝑛𝑔 𝑢𝑛𝑖𝑡𝑠 𝑝𝑒𝑟 𝑚3𝑜𝑓 𝑎𝑖𝑟 

 

 EQUATION 1.  Parameters to obtain the  

number of colonies per m3 of air 

And in this table for the bacteria and Actinomycetes: 

 

 

 

For the Malt 2% agar, with a total of 8 colonies developed on it, we obtain an average 

of 4,7 CFU/m3 for Penicillium and 14,1 CFU/m3 for yeast. Penicillium  represents 25% 

of microorganisms present on this agar against 75% for yeasts. Concerning DG-18 agar, 

with a total of 6 colonies, we obtain an average of 9,4 CFU/m3 for Aspergillus and 4,7 

CFU/m3 for yeast. Aspergillus represents 66.7% of microorganisms present on this agar 

against 33.3% for yeasts. Finally, on THG agar with a total of 5 colonies, we obtain an 

average of 2,4 CFU/m3 for Actynomyces, 7,1 CFU/m3 for seem-like yeast and 2.4 

CFU/m3 for bacteria. So, Actynomyces, represents 20% of microorganisms present on 

this agar against 60% for seen-like yeasts and 20% for bacteria. 

 

The second analysis was made in two different rooms of building U, the fitness building 

(Room U237A & U237B). This place is one of the most frequented spot on campus 

because they are a lot of students and teachers who use this place everyday for muscu-

lation, yoga and others activities… 

 

Type of agar: 

DG-18 

n°4 
4 colonies → Big molds - Middle : Dark green - Intermediate : 

White - Border : Yellow - Bellow : Yellow/Green. 
ASPERGILLUS 

n°5 2 colonies → White colonies - Stringy YEAST 

Type of agar: 

THG 

n°1 
1 colony → Small colony - Yellow - Sticky. BACTERIA GRAM + 

1 colony → Small colony - White - Sticky. SEEM LIKE YEAST 

n°2 
1 colony → Small colony - Middle : Dark Yellow - Border : Yel-

low- Sticky. 
ACTINOMYCETE 

n°3 1 colony → Small colony - White - Sticky. SEEM LIKE YEAST 

n°6 1 colony → Small colony - Yellow - Sticky. SEEM LIKE YEAST 

TABLE 7. Results for the Second floor of J building, 

Bacteria & Actinomycetes 
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TABLE 8. Parameters of the Fitness building 

Room U237A & U237B  Relative humidity 25.4% 

Breeding ground Malt 2%,  DG-18  Ventilation - Activities - Closed 
Ventilation OK – 

Door open 

Sampling time 10 min  Window open - Captive 3 - Closed 

The sample taken at 22/01/16 – 9h15  
Number of persons during sam-

pling 
12 

The sampling height 1,33 m  Pets No 

Inside temperature 24.2°C  
Activities during the measure-

ment 
Sport - Musculation 

Outside temperature -10.3°C  
The number and location of vis-

ible mold 
No 

 

The analysis of this building is important because during exercise, respiratory activity 

is stronger, so the inhalation of contaminated air is more important and can have a more 

significant impact on health.  

However, the building is relatively new and has an efficient ventilation system and the 

double glazed windows are recent. All the results of this area are in the following table: 

TABLE 9. Results of the fitness building 

Localisation: 

U237A 
Type of agar : Malt 2% 

Stage : Number & type of colony Identification 

n°4 

1 colony → Big molds - Middle : Light green - Border : 

Dark green 
PENICILLIUM 

1 colony → Small colony - Yellow - Sticky. SEEM LIKE YEAST 

 
 

 
 

Localisation: 

U237B 
Type of agar : DG-18 

Stage :  Number & type of colony Identification 

n°3 32 colonies → Small colony - Yellow - Sticky. SEEM LIKE YEAST 

 

FIGURE 12. Room U237A 

(Source : LEBRAT Julien, 2016) 
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The absence of microbial growth on agar DG-18 for the room U237A as well as Malt 

2% agar from U237B room was observed. On the stage 4 of the Malt 2% agar of the 

room U237A , the growth of a ubiquitous mold of indoor air Penicillium was observed. 

It also noted the presence of a yeast at the same stages. On agar DG-18, the exclusive 

growth and large number of yeasts on the stage 3 of the U237B room was noticed. These 

results show that, there is a concentration of 3,5 CFU/m3 of Penicillium and yeasts for 

the room U237A.  For the room U237B, we obtain an average of 113,1 CFU/m3 for 

seem-like yeast. So, there are 50% of Penicillium and 50% of yeasts on Malt 2% agar.  

It is therefore wise to take more into consideration the U237 room because it contains 

mold which may have an impact on human despite it low concentration.  

 

Next analyses were taken from building P who requiring an access authorization. The 

university didn’t give me the permission to reveal the position of it, so we will name 

the area P. Three different pieces were analyzed including a room with a bar, a party 

room and a meeting room. All these areas are generally used by students during the 

week, so it is important to take samples.  

 

The first room analyzed will have the name of P1. At first glance, we see that the build-

ing is old of several tens of years, including old window models with double glazing. 

Moreover, we observe the presence of fabric sofa with a large amount of dust, which 

could harbor spores or other organic compounds.  

The place does not seem to be cleaned very well, but we can observe a ventitation sys-

tem fairly distributed in the room. In view of figure above, the analysis was carried out 

on the table is located below the ventilation system, encompassing the entire area.

  

FIGURE 13. First sampling area of building P 

(Source : LEBRAT Julien, 2016) 
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TABLE 10. Parameters of the P1 

Room P1  Relative humidity 62.7% 

Breeding ground 
Malt 2%,  DG-18, 

THG 
 Ventilation - Activities - Closed 

Ventilation OK – 

Door closed 

Sampling time 10 min  Window open - Captive 5 - Closed 

The sample taken at 04/02/16 – 14h30  
Number of persons during sam-

pling 
3 

The sampling height 0,9 m  Pets No 

Inside temperature 20.8°C  
Activities during the measure-

ment 
No activities 

Outside temperature -5.1°C  
The number and location of vis-

ible mold 
No 

 

We can notice that after incubation and observation of different agar the presence of 

two new kind of mold: Paecilomyces and Cladosporium. For Cladosporium, the colo-

nies are flat and dense, it becomes powdery or velvety (because of the abundance of 

conidia) and are olive green to olive brown. Moreover, the hyphae are septate and dark. 

Conidia are cylindrical to elliptical shape and are produced in branched chains. They 

include well-marked insertion scars. For Paecilomyces, phialides are thin, inflated to 

their bases, elongated at their ends, and are generally grouped into brush. Conidiophores 

are branched and bear phialides at their ends. As for conidia they are oval and unicellu-

lar form. 

They grow as well on Malt 2%  agar (stage 4 and 5) and DG-18 agar (stage 4 and 5). 

Moreover, it was observed the presence of Actinomycete on stage 1, 3 and 6 of the THG 

agar. The rest of different colonies were identified as yeasts. All the results obtained for 

the zones P1 are contained in the table: 

FIGURE 14. Macroscopic observation of 

Paecilomyces (white color) & Cladosporium 

(khaki color)  

(Source : LEBRAT Julien, 2016) 
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TABLE 11. Mold of P1 

 Localisation:  Area P1 

 Stage :  Number & type of colony Identification 

Type of agar: 

Malt 2% 

n°3 1 colony → White color above, Yellow color below YEAST 

n°4 

1 colony → White color above, Yellow color below YEAST 

1 colony → Dark green color middle, Light green color interme-
diate, White color side. Same bellow 

CLADOSPORIUM 

n°5 

2 colonies → Dark green color middle, White color side, Yellow 

color below 
PAECILOMYCES 

1 colony → White color above, Yellow color below YEAST 

Type of agar: 

DG-18 

n°2 1 colony → White color  YEAST 

n°4 

1 colony → White color stringy PAECILOMYCES 

2 colonies → Dark green color middle, Light green color interme-
diate, White color side. Same bellow 

CLADOSPORIDIUM 

n°5 
1 colony → Dark green color middle, Light green color interme-

diate, White color side. Same bellow 
CLADOSPORIDIUM 

 

So, on Malt 2% agar, with a total of 6 colonies developed on it, we obtain an average 

of 7,1 CFU/m3 for Paecilomyces, 3,5 CFU/m3 for Cladosporium and 10,6 CFU/m3 for 

yeasts ; So, the concentration total of mold is 10,6 CFU/m3. Paecilomyces  represents 

33.3% of microorganisms present on this agar, Cladosporium 16.7% and yeasts 75%. 

Concerning DG-18 agar, with a total of 5 colonies, we obtain an average of 10,6 

CFU/m3 for Cladosporium (60%), 3,5 CFU/m3 for Paecilomyces (20%) and 3,5 

CFU/m3 for yeast (20%) ; So, the total concentration of mold is 14,5 CFU/m3.   

 

TABLE 12. Bacteria & Actinomyces of building P1 

 Counted colonies 

Stage on THG 

agar 
Actynomyces Other bacteria Sum 

1 3 0 3 

2 0 1 1 

3 1 1 2 

4 0 3 3 

5 0 2 2 

6 2 0 2 

Total 6 7 13 

 

Finally, on THG agar with a total of 13 colonies, we obtain an average of 21,2 CFU/m3 

for Actynomyces (46.2%) and 24,7 CFU/m3 for seem-like yeast (53.8%). 

 

We moved to the second part of the building, the party room often used by students. A 

very big mess in this room is present during our arrival. Indeed, many of furniture, car-

pets and materials littered the floor of the analysis area. 
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In addition, the presence of mold encrusted in the parquet and covered with a protective 

paper is observed (FIGURE 15). This room has many old windows and humidity seems 

important. 

TABLE 13. Parameters of the P2 

Room P2  Relative humidity 62.7% 

Breeding ground 
Malt 2%,  DG-18, 

THG 
 Ventilation - Activities - Closed 

Ventilation OK – 

Door closed 

Sampling time 10 min  Window open - Captive 5 - Closed 

The sample taken at 04/02/16 – 15h15  
Number of persons during sam-

pling 
3 

The sampling height 1,34 m  Pets No 

Inside temperature 21.5°C  
Activities during the measure-

ment 
No activities 

Outside temperature -4,9°C  
The number and location of vis-

ible mold 

Visible molds on the 

ground 

 

Above all, the analysis show the presence of mold already observed before: Penicillium. 

Three new molds are emerging during the analyzes. Two of them were identified with 

greater precision, the first one is Aureobasidium pullulans. For it, the spores are pro-

duced in great masses along the filaments and occur on short lateral branches. The pres-

ence of rough scar, generally produce when the spores are released and Stachybotrys 

chartarum is also observed [18].  

 

For Stachybotrys chartarum, it is characterized by clusters of colourless to brown swol-

len phialides. The dark brown unicellular spores  are produced  from the tips of the 

phialides. The last identified mold is Oidiodendron. 

FIGURE 15. Second sampling area of building P 

(Source : LEBRAT Julien, 2016) 
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We find the presence of mold on the stage 3, 4 and 5 on Malt 2% agar and stage 5 on 

DG-18 agar for Stachybotrys chartarum. For Aureobasidium pullulans, we can find it 

on the stage 2 and 4 on DG-18 agar. Finally, the mold Oidiodendron is found on stage 

5 on DG-18 agar. For this mold, the dark conidiophores are erect, tall and are terminated 

by a rather irregular system of tree-like branches. The brown to colourless conidia are 

produced by the fragmentation of the conidiophore branches. 

TABLE 14. Mold results of P2 

 Localisation:  Area P2 

 Stage :  Number & type of colony Identification 

Type of agar: 

Malt 2% 

n°2 
3 colonies → Dark green color middle, White color side, 

White/Yellow color below 
PENICILLIUM 

n°3 

2 colonies → Dark green color middle, White color side, Yellow  PENICILLIUM 

1 colony → Light Khaki color, White color side 
STACHYBOTRYS 

CHARTARUM 

n°4 

2 colonies → Dark green color middle, White color side, Yellow 

color below 
PENICILLIUM 

2 colonies → Light Khaki color, White color side 
STACHYBOTRYS 

CHARTARUM 

n°5 

1 colony → Dark green color middle, White color side, White 

color below 
PENICILLIUM 

1 colony → Light green color middle, White color side, White 

color below 

STACHYBOTRYS 

CHARTARUM 

2 colonies → White color, Stringy  OIDIODENDRON 

    

 
Type of agar: 

DG-18 

n°2 

2 colonies → Dark green color middle, White color side, 

Green/Yellow color below 
PENICILLIUM 

1 colony → Black color middle, White color side, Grey color 

bellow. 

AUREOBASIDIUM 

PULLULANS 

n°3 
1 colony → Dark green color middle, White color side, 

Green/Yellow color below 
PENICILLIUM 

n°4 

2 colonies → Dark green color middle, White color side, 

Green/Yellow color below 
PENICILLIUM 

1 colony → Black color middle, White color side, Grey color 

bellow. 

AUREOBASIDIUM 

PULLULANS 

n°5 

2 colonies → Dark green color middle, White color side, 
Green/Yellow color below 

PENICILLIUM 

1 colony → Light green color middle, White color side, White 

color below 

STACHYBOTRYS 

CHARTARUM 

 

FIGURE 16. Macroscopic observation of Stachybotrys charta-

rum (on the left) & Aureobasidium pullulans (on the right)  

(Source : LEBRAT Julien, 2016) 
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So, on Malt 2% agar, with a total of 14 colonies developed on it, we obtain an average 

of 28,3 CFU/m3 for Penicillium (57.1%), 14,1 CFU/m3 for Stachybotrys chartarum 

(28.6%) and 7,1 CFU/m3 for Oidiodendron ; So, the concentration total of mold is 49,5 

CFU/m3. Concerning DG-18 agar, with a total of 10 colonies, we obtain an average of 

24,7 CFU/m3 for Penicillium (70%), 7,1 CFU/m3 for Aureobasidium pullulans (20%) 

and 3,5 CFU/m3 for Stachybotrys chartarum (10%). So, the total concentration of mold 

is 35,3 CFU/m3. 

TABLE 15. Bacteria & Actinomycetes of building P2 

 Counted colonies 

Stage on THG 

agar 
Actynomyces Other bacteria Sum 

1 0 2 2 

2 1 3 4 

3 1 17 18 

4 0 3 3 

5 0 0 0 

6 0 1 1 

Total 2 26 28 

 

On TGH agar with a total of 28 colonies, there was an average of 7,1 CFU/m3 for 

Actynomyces (7.1%), 88,3 CFU/m3 for seem-like yeast (89.3%) and 3.5 CFU/m3 for 

bacteria (3.6%). 

 

Finally, we study the last part of the building P. During the analysis, several people were 

present, and that can affect the results. We noticed that the room heat was higher, same 

for moisture. In addition, we noticed that the ventilation is older in this place, the air is 

less renewed. 

 

TABLE 16. Parameters of the P3 

Room P3  Relative humidity 66,8% 

Breeding ground 
Malt 2%,  DG-18, 

THG 
 Ventilation - Activities - Closed 

Ventilation OK – 

Door open 

Sampling time 10 min  Window open - Captive 1 - Closed 

The sample taken at 04/02/16 – 16h00  
Number of persons during sam-

pling 
6 

The sampling height 0,95 m  Pets No 

Inside temperature 24.1°C  
Activities during the measure-

ment 
Meeting 

Outside temperature -5,5°C  
The number and location of vis-

ible mold 
No 
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However, we can note the presence of contamination on the first stage of the Malt 2% 

agar. Furthermore, a high concentration of Gram+ bacteria and Actinomycete was noted 

in THG agar. We may suppose that germs were imported by people present during anal-

ysis. 

With the results in TABLE 18, a high concentration of colonies on all THG agar (ap-

proximately 122 colonies) is observed. Cause of this high number, it is necessary to 

make a correction (APPENDIX 1). For that, we have to sum seem-like yeast and bac-

teria and find on the table the corrective value. So, we obtain a concentration of 381.6 

CFU/m3 of seem-like yeast and bacteria (85,1%). We also obtain 67.1 CFU/m3 of Acti-

nomycetes (14.9%).  

TABLE 17. Mold results of the P3 

 Localisation:  Area D3 

 Stage :  Number & type of colony Identification 

Type of agar: 

Malt 2% 

n°2 1 colony → Viscous, red/pink color CONTAMINATION 

n°3 

1 colony → Dark green color middle, White color side, Yellow 

color below 
PENICILLIUM  

1 colony → Black color middle, White color side, Grey color bel-

low. 

AUREOBASIDIUM 

PULLULANS 

n°4 

3 colonies → Dark green color middle, White color side, Yellow 

color below 
PENICILLIUM  

1 colony → Light green color middle, White color side, White 
color below 

STACHYBOTRYS 
CHARTARUM 

n°5 

4 colonies → White color, stringy OIDIODENDRON 

1 colony → Dark green color middle, White color side, Yellow 

color below 
PENICILLIUM  

    

Type of agar: 

DG-18 

n°1 1 colony → White color, stringy OIDIODENDRON 

n°2 
6 colonies → Dark green color middle, White color side, Yellow 

color below 
PENICILLIUM  

n°3 

5 colonies → Dark green color middle, Light green color interme-

diate, White color side. Same bellow 
CLADOSPORIDIUM 

1 colonies → Dark green color middle, White color side, Yellow 

color below 
PENICILLIUM  

n°4 9 colonies → Dark green color middle, White color side, Stringy PENICILLIUM  

n°5 
5 colony → Black color middle, White color side, Grey color bel-

low. 

AUREOBASIDIUM 

PULLULANS 

FIGURE 17. Macroscopic observation of Bacteria, 

Actinomycetes & Seem-likeYeasts on THG agar 

(Source : LEBRAT Julien, 2016) 
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Concerning the Malt 2% agar, with a total of 12 colonies developed on it, we obtain an 

average of 17,7 CFU/m3 for Penicillium (41.7%), 14,1 CFU/m3 for Oidiodendron 

(33,0%), 3,5 CFU/m3 for Stachybotrys chartarum and Aureobasidium pullulans (both 

8.3%). So, the total concentration of mold is 49,5 CFU/m3.  

 

For DG-18 agar, with a total of 27 colonies, an average of 56,5 CFU/m3 for Penicillium 

(59.3%) was obtained, 17,7 CFU/m3 for Aureobasidium pullulans and Cladosporium 

(both 18.5%) and 3,5 CFU/m3 for Oidiodendron (3.7%). So, the total concentration of 

mold is 95,4 CFU/m3. 

TABLE 18. Bacteria & Actinomycetes of building P3 

 Counted colonies Corrected colonies 

Stage on THG 

agar 
Actynomyces Other bacteria Sum Actynomyces Other bacteria Sum 

1 1 2 3 1 2 3 

2 5 5 10 5 5 10 

3 0 25 25 0 26 26 

4 5 26 31 5 27 32 

5 6 44 50 6 47 53 

6 2 1 3 2 1 3 

Total 19 103 122 19 108 127 

 

We change sampling area to another building subjected to access authorization, we will 

call it the building Y.  

The latter is even older than the previous building and a strong musty smell is omni-

present in all parts. For this sampling, the use of a filter mask is required.  The first room 

is an old kitchen and classroom with a large number of old windows with double glaz-

ing. The floor is littered with dust, same applies to different tables. This building has 

not been used for a long time.   

FIGURE 18. First sampling place of Y1 

(Source : LEBRAT Julien, 2016) 
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FIGURE 19. Macroscopic & Microscopic observation of Geotrichum 

and Scopulariopsis 

(Source : LEBRAT Julien, 2016) 

 

The presence of huge metal ductwork that may be thinking about wood stoves is ob-

served. These give the impression to be hermetically sealed as all the ventilation sys-

tems present. All the furnishings are randomly distributed in the room.  

TABLE 19. Parameters of the Y1 

Room Y1  Relative humidity 72.3% 

Breeding ground 
Malt 2%,  DG-18, 

TGH 
 Ventilation - Activities - Closed 

Ventilation NO OK 

– Door closed 

Sampling time 10 min  Window open - Captive 14 - Closed 

The sample taken at 12/02/16 – 14h15  
Number of persons during sam-

pling 
7 

The sampling height 0,95 m  Pets No 

Inside temperature 18,4°C  
Activities during the measure-

ment 
No activitiess 

Outside temperature 1,5°C  
The number and location of vis-

ible mold 
Yes 

 

After incubation and analysis of the various slants, was observed the presence of 4 new 

mold: 

 Geotrichum with white fluffy appearance, a formation of chains of colourless 

and slimy spores. 

 Scopulariopsis, beige color mold doing streaks on the agar and highly branched 

and terminating in a brush-like complex bearing flask-shaped annellides. 

 

 

 

 

  

 

 

 

 

 

 

 

 Phialophora an unusual mold blackish color in the center. The phialides are 

dark, flask-shaped, and have a collar-like or flared apex. 

 Absidia having a resemblance Geotrichum but is more stringy. 
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Thanks to the  27 colonies observed on Malt 2% agar, we obtained a concentration of 

60,1 CFU/m3 for Geotrichum (63,0%), 17.7 CFU/m3 for Penicillium (18.5%), 10,6 

CFU/m3 for Aureobasidium pullulans (11.1%) and 7,1 CFU/m3 for Scopulariopsis 

(7.4%). So, the total concentration of mold is 95,5 CFU/m3. 

 

For DG-18 agar, with a total of 18 colonies, we obtain an average of 24,7 CFU/m3 for 

Absidia (38.9%), 20,5 CFU/m3 for Stachybotrys chartarum (33.3%), 7,1 CFU/m3 for 

Penicillium  and Phialophora (both 11.1%), and fnally 3,5 CFU/m3  for Cladosporium 

(5.6%).So, the total concentration of mold is 62,9 CFU/m3. 

TABLE 20. Mold results of the Y1 

 
Localisation :  Area Y1 

Stage :  Number & type of colony Identification 

Type of agar: 

Malt 2% 

n°1 5 colonies → Dark green color middle, White color side, Yellow  PENICILLIUM 

n°3 

4 colonies → White color, fluffiness, flat, large diameter GEOTRICHUM 

3 colonies → Black color middle, White color side, Grey color 

bellow. 

AUREOBASIDIUM 

PULLULANS 

n°4 

6 colonies → White color, fluffiness, flat, large diameter GEOTRICHUM 

2 colonies → Cream color, overlay, streaks on the agar. SCOPULARIOPSIS 

n°5 7 colonies → White color, fluffiness, flat, large diameter GEOTRICHUM 

    

Type of agar: 

DG-18 

n°1 

1 colonies → white color, aerial aspect, stringy. ABSIDIA 

2 colony → Light green color middle, White color side, White 

color below 

STACHYBOTRYS 

CHARTARUM 

n°3 

4 colony → Light green color middle, White color side, White 
color below 

STACHYBOTRYS 
CHARTARUM 

1 colonies → Dark green color middle, White color side, Yellow  PENICILLIUM 

1 colonies → Dark green color middle, Light green color interme-
diate, White color side. Same bellow 

CLADOSPORIDIUM 

n°4 
1 colonies → Dark green color middle, White color side, Yellow  PENICILLIUM 

6 colonies → white color, aerial aspect, stringy. ABSIDIA 

n°6 
2 colonies → Dark brown color middle, Light Brown color side, 

inlaid. 
PHIALOPHORA 
RICHARDSIAE 

FIGURE 20. Macroscopic & Microscopic observation of Absidia 

(Source : LEBRAT Julien, 2016) 
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On THG agar with a total of 13 colonies, we obtain an average of 21,2 CFU/m3 for 

Actynomyces (46.2%) and 24,7 CFU/m3 for seem-like yeast (53.8%). 

TABLE 21. Bacteria & Actinomycetes of building Y1 

 Counted colonies 

Stage on THG 

agar 
Actynomyces Other bacteria Sum 

1 2 2 4 

2 0 10 10 

3 3 2 5 

4 1 7 8 

5 0 0 0 

6 0 2 2 

Total 6 23 29 

 

The second area of analysis is a classroom. As for the first part, a strong musty smell 

was smell in all thebuilding. In addition, a change was required to mask because many 

dust had accumulated on the filter.  

The same stuctures are present in the rooms and we observed the presence of mold in 

the wood, the main component of the building. 

TABLE 22. Parameters of the Y2 

Room Y2  Relative humidity 72.3% 

Breeding ground 
Malt 2%,  DG-18, 

THG 
 Ventilation - Activities - Closed 

Ventilation NOOK – 

Door closed 

Sampling time 10 min  Window open - Captive 8- Closed 

The sample taken at 12/02/16 – 15h05  
Number of persons during sam-

pling 
4 

The sampling height 0,95 m  Pets No 

Inside temperature 18,1°C  
Activities during the measure-

ment 
No activitiess 

Outside temperature 1,3°C  
The number and location of vis-

ible mold 
Yes 

LOCALISATION 1. Second sam-

pling place of Y2 

(Source : LEBRAT Julien, 2016) 
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We note the presence of a new kind of mold, Ulocladium in stage 1, 2 and 5 Malt agar 

2%. This mold are brown color to olivaceous-black and it is very recognizable micro-

scopically because of the shape of its spores.  Conidia are typically obovoid (narrowest 

at the base) and they are divided into several parts (4, 6 or more). They generally have 

a brown staining despite lactophenol.  

With a total of 23 colonies on Malt 2% agar, we obtained a concentration of 22,2 

CFU/m3 for Geotrichum and Ulocladium (26.1%), 28,3 CFU/m3 for Penicillium 

(34.8%), 3,5 CFU/m3 for Aureobasidium pullulans (4.3%) and 7,1 CFU/m3 for Acre-

monium (8.6%). So, the total concentration of mold is 83,3 CFU/m3. 

For DG-18 agar, with a total of 22 colonies, we obtain an average of 35,3 CFU/m3 for 

Absidia (45.5%), 3,5 CFU/m3 for Stachybotrys chartarum (4.5%), 31,8 CFU/m3 for 

Penicillium (41.0%), and fnally 7.1 CFU/m3  for Aureobasidium pullulans (9.0%). So, 

the total concentration of mold is 77,7 CFU/m3. 

TABLE 23. Mold results of the Y2 

 Localisation :  Area Y2 

 Stage :  Number & type of colony Identification 

Type of agar: 

Malt 2% 

n°1  

2 colonies → Light khaki color middle, White color side, pow-

dery and stringy appearance 
ULOCLADIUM 

3 colonies → Dark green color middle, White color side, Yellow  PENICILLIUM 

n°3 

2 colonies → Light khaki color middle, White color side, pow-

dery and stringy appearance 
ULOCLADIUM 

1 colonies → Black color middle, White color side, Grey color 
bellow. 

AUREOBASIDIUM 
PULLULANS 

n°5 

5 colonies → Dark green color middle, White color side, Yellow  PENICILLIUM 

2 colonies → Light khaki color middle, White color side, pow-

dery and stringy appearance 
ULOCLADIUM 

n°6 

2 colonies → White color, inlaid, tough, large diameter, strong 

smell of anise 
ACREMONIUM 

6 colonies → White color, fluffiness, flat, large diameter GEOTRICHUM 

FIGURE 21. Microscopic observation of Ulocladium 

(Source : LEBRAT Julien, 2016) 
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Type of agar: 

DG-18 

n°1 

2 colonies → white color, aerial aspect, stringy. ABSIDIA 

1 colony → Light green color middle, White color side, White 

color below 

STACHYBOTRYS 

CHARTARUM 

n°2  
2 colonies → Black color middle, White color side, Grey color 

bellow. 

AUREOBASIDIUM 

PULLULANS 

n°3 
5 colonies → Dark green color middle, White color side, Yellow  PENICILLIUM 

1 colonies → white color, aerial aspect, stringy. ABSIDIA 

n°5 
4 colonies → Dark green color middle, White color side, Yellow  PENICILLIUM 

4 colonies → white color, aerial aspect, stringy. ABSIDIA 

n°6 3 colonies → white color, aerial aspect, stringy. ABSIDIA 

 

On THG agar with a total of 25 colonies, we obtain an average of 7,1 CFU/m3 for 

Actynomyces (8.7%) and 81,3 CFU/m3 for seem-like yeast (91.3%). 

TABLE 24. Bacteria & Actinomycetes of building Y2 

 Counted colonies 

Stage on THG 

agar 
Actynomyces Other bacteria Sum 

1 0 7 7 

2 0 0 0 

3 0 0 0 

4 0 0 0 

5 1 12 13 

6 1 4 5 

Total 2 23 25 

 

Finally, we conducted a final analysis in building Y. This piece is also a classroom that 

is very similar to previous area. However, a problem occurred during the analysis. In-

deed, when retrieving again the laboratory, THG agar was not good, so the results can’t 

be used for this type of agar. 

However, we can discern the presence of a new kind of mold. Acremonium is morpho-

logically very similar to mold Geotrichum and Absidia but with a different microscopic 

structure.  

FIGURE 22. Microscopic observation of Acremonium 

(Source : LEBRAT Julien, 2016) 



33 

Hyphae are fine and hyaline and produce mostly simple awl-shaped erect phialides with 

inconspicuous collarettes. Conidia are usually one-celled, hyaline or rarely pigmented 

and mostly aggregated in slimy heads at the apex of each phialide.  

 

With a total of 22 colonies on Malt 2% agar, we obtained a concentration of 10,6 

CFU/m3 for Ulocladium (13.6%), 31,8 CFU/m3 for Penicillium (40.9%), 28,3 CFU/m3 

for Acremonium (36.4%) and 7,1 CFU/m3 for Scopulariopsis (9.1%). So, the total con-

centration of mold is 83,3 CFU/m3. 

 

For DG-18 agar, with a total of 22 colonies, we obtain an average of 35,3 CFU/m3 for 

Absidia (45.5%), 3,5 CFU/m3 for Stachybotrys chartarum (4.5%), 31,8 CFU/m3 for 

Penicillium (41.0%), and fnally 7.1 CFU/m3  for Aureobasidium pullulans (9.0%). So, 

the total concentration of mold is 77,8 CFU/m3. 

TABLE 25. Results of the Y3 

 

During my study, I had the opportunity to perform analysis in another building outside 

the university campus. Thus request comes from one of the staff members of the organ-

ization.  

 Localisation : Area Y3 

 Stage : Number & type of colony Identification 

Type of agar: 

Malt 2% 

n°2 

5 colonies → White color, inlaid, tough, large diameter, strong 

smell of anise 
ACREMONIUM 

3 colonies → Dark green color middle, White color side, Yellow PENICILLIUM 

n°3 

3 colonies → White color, inlaid, tough, large diameter, strong 

smell of anise 
ACREMONIUM 

2 colonies → Cream color, overlay, streaks on the agar. SCOPULARIOPSIS 

n°4 

6 colonies → Dark green color middle, White color side, Yellow PENICILLIUM 

3 colonies → Light khaki color middle, White color side, pow-

dery and stringy appearance 
ULOCLADIUM 

    

Type of agar: 

DG-18 

n°1 

1 colonies → White color, inlaid, tough, large diameter, strong 

smell of anise 
ACREMONIUM 

2 colonies → Dark green color middle, White color side, Yellow PENICILLIUM 

n°2 

2 colonies → White color, inlaid, tough, large diameter, strong 

smell of anise 
ACREMONIUM 

4 colonies → Dark green color middle, White color side, Yellow PENICILLIUM 

n°4 

6 colonies → White color, inlaid, tough, large diameter, strong 

smell of anise 
ACREMONIUM 

1 colonies → white color, aerial aspect, stringy. ABSIDIA 

1 colonies → Light khaki color middle, White color side, pow-

dery and stringy appearance 
ULOCLADIUM 

n°5 

2 colonies → Dark green color middle, White color side, Yellow PENICILLIUM 

1 colonies → White color, inlaid, tough, large diameter, strong 

smell of anise 
ACREMONIUM 
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Indeed, last year, the building has suffered water damage, somewhat important, because 

of the explosion of a pipeline due to very low temperatures during the winter.  

One of the main reasons of analysis of this area is the presence of young children in it.  

Two areas of analysis were selected: One place where children play and the other in the 

administrative office where the incident took place.  

We will name this building Mt. In the premises, we noted a high temperature and a 

musty smell in the administrative room, location of the incident.  

 

TABLE 26. Parameters of the building Mt 

Room Mt  Relative humidity 32.7% 

Breeding ground 
Malt 2%,  DG-18, 

THG 
 Ventilation - Activities - Closed 

Ventilation OK – 

Door closed 

Sampling time 10 min  Window open - Captive 2- Closed 

The sample taken at 03/03/16 – 7h50  
Number of persons during sam-

pling 
2 

The sampling height 0,92 m  Pets No 

Inside temperature 20,9°C  
Activities during the measure-

ment 
No activitiess 

Outside temperature -7,8°C  
The number and location of vis-

ible mold 
No 

 

However, after the incubations agar, no molds growth was performed on Malt 2%  agar 

and DG-18 was noted. Only Actinomycetes have been developed on the THG agar of 

area Mt2. On the THG agar of the area Mt1, we obtained a total of 2 seem-like yeasts, 

so an average of 7,1 CFU/m3
. For the area Mt2, with a total of 18 colonies, we obtain an 

FIGURE 23. Building Mt 
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average of 53.0 CFU/m3 of Actynomyces  (83.3%) and 10,6 CFU/m3 for seem-like yeast 

(16.7%). 

TABLE 27. Results of the building Mt1-2 

 Counted colonies in Mt1 Counted colonies in Mt2 

Stage on THG 

agar 
Actynomyces Other bacteria Sum Actynomyces Other bacteria Sum 

1 0 1 1 9 0 9 

2 0 1 1 2 1 3 

3 0 0 0 3 1 4 

4 0 0 0 1 1 2 

5 0 0 0 0 0 0 

6 0 0 0 0 0 0 

Total 0 2 2 15 3 18 

 

Finally, the last two analyzes were carried out in the building A, typically used by En-

vironmental Enginerring and other group classroom. The second last analysis was con-

ducted in a busy area of building A: A183C. This place is different from others because 

the entire room like a open-plan office.  

 

Despite the ventilation system, the air can migrate from office to office. The final anal-

ysis was performed in one of the most used building classrooms A: A240. 

TABLE 28. Parameters of the building A 

Room Building A  Relative humidity 23,1% 

Breeding ground 
Malt 2%,  DG-18, 

THG 
 Ventilation - Activities - Closed 

Ventilation OK – 

Door closed 

Sampling time 10 min  Window open - Captive 6- Closed 

The sample taken at 03/03/16 – 79h50  
Number of persons during sam-

pling 
2 

The sampling height 0,98 m  Pets No 

Inside temperature 25,5°C  
Activities during the measure-

ment 
No activitiess 

Outside temperature -5,9°C  
The number and location of vis-

ible mold 
No 

 

After incubation, we can notice that in the staff room, a single mold is developed on 

stage 4 on Malt 2% agar. No mold growth was observed on the DG-18 agar, only yeasts 

and Actinomycetes are present on the THG agar. No mold growth was observable in the 

A240 room. 
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 On the THG agar of staff office room, with a total of 16 colonies, we obtained an av-

erage of 46,0 CFU/m3
 of seem-like yeasts (81.3%) and an average 10,6 CFU/m3

 of 

Actynomyces (18.7%). For the room A240 (classroom), with a total of 3 colonies of 

seem-like yeasts, we obtain an average of 10,6 CFU/m3.  

 

TABLE 29. Results of the A183C & A240 

 Counted colonies in A183C Counted colonies in A240 

Stage on THG 

agar 
Actynomyces Other bacteria Sum Actynomyces Other bacteria Sum 

1 0 6 6 0 1 1 

2 0 0 0 0 2 2 

3 1 3 4 0 0 0 

4 1 2 3 0 0 0 

5 1 1 2 0 0 0 

6 0 1 1 0 0 0 

Total 3 13 16 0 3 3 

 

5 DISCUSSION  

 

With different results, a wide variety of molds according to the physical parameters 

(temperature, humidity ...) was observed, the growth substrate and the general view of 

the buildings [23]. Penicillium was one of the molds present during the entire study. 

With these 13 species recognized, as Penicillium purpurogenum was observed on some 

agar, Penicillium is part of the most present mold during the year in the indoor and 

outdoor air. Globally, its concentration is predominant in more than 53% of homes con-

FIGURE 24. Classroom A240 

(Source : LEBRAT Julien, 2016) 
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taminated [24]. However, despite its ubiquity in buildings, it can produce organic com-

pounds such as Microbial Volatile Organic Compound (MVOC) and mycotoxins for 

some species. They are then responsible, if they are in excessive concentration, of irri-

tation and inflammation of the eyes, respiratory system and can cause lethargy and 

headaches. In addition, for more serious cases may affect immunocompromised people, 

it may be responsible for hypersensitivity pneumonitis may cause symptoms of fatigue 

and fever. In the P buildings, there was observed a majority concentration of the genus 

Penicillium, which can have a direct impact on student health. Another mold, Stachy-

botrys chartarum, was found in the majority in this study (>20% in building P2 and Y1).  

 

This fungus is the subject of numerous scientific studies because of its potential role in 

the health problems associated with poor air quality of buildings contaminated with 

mold or buildings called "unhealthy". These health problems are attributable to the pow-

erful mycotoxins produced by certain strains of Stachybotrys chartarum. It has a world-

wide distribution and it usually develops in environments rich in cellulose, contaminat-

ing foam insulation, textiles, indoor air and building water-damaged materials.  

 

 

Despite the problems it causes, it represents only 13% of mold found in contaminated 

buildings. Among the different mycotoxins produced some cause various harmful ef-

fects on humans. The trichothecenes mycotoxins is primarily responsible of respiratory 

and ocular irritation while satratoxins are known to cause inflammatory reactions.  

FIGURE 25. Microscopic observation of Stachy-

botrys 

(Source : Phillip Fry, 2010, “Health Dangers and Risks of Stachybotrys Mold”) 
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Respiratory symptoms may be observed following inhalation such congestion, cough, 

rhinitis, and, in the most severe cases, pulmonary fibrosis. In addition, chronic exposure 

to toxins can cause symptoms resembling those of a cold or the flu. This mold was 

found in both buildings having necessity authorization. Despite the presence of a mask, 

fatigue and cough effect was felt by me after the analyzes.  

 

In addition, the presence of another type of mold present in these buildings was obseved. 

The mold Acremonium has a worldwide distribution and are usually found in soil and 

on decaying plant matter. In addition, it produces various hydrocarbons, alcohols, ke-

tones, esters and terpenes, as well in nature as construction materials. Despite the pro-

duction of mycotoxins allergens associated with allergic rhinitis and asthma, Acremo-

nium remains a mold having reduced effects on humans. It is the same for Ulocladium 

that is considered current in the indoor environment and is known to cause low allergic 

reactions. One can detect its presence in building materials damaged by water and in 

household dust, especially in domestic air conditioners.  Ulocladium was found mostly 

in the building Y with the mold Absidia (> 25% Ulocladium, > 40% Absidia). Despite 

the presence of irritation and inflammation of the airways and possible skin reactions, 

it remains a low pathogenic mold such as mold presented previously. 

 

Finally, concerning the mold found in the minority in our analyzes (Geotrichum, Aure-

obasidium pullulans, Cladosporium, Paecilomyces, Scopulariopsis, Oidiodendron), 

they can cause allergies whose resulting fever and asthma. For Cladosporium, this spe-

cies is recognized as that can cause rhinitis and allergic asthma in humans, as well as 

hypersensitivity pneumonitis as Aureobasidium pullulans and Paecilomyces. As for Ge-

otrichum and Scopulariopsis, they may be responsible for skin lesions but also of lung 

infection, sinusitis ... This effect is particularly strong among immunodeficient persons. 

FIGURE 26. Chemical structure of trichothe-

cene and satratoxin 

(Source: Wikipedia, 2016, “Trichothecene” & “satratoxin”) 
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The presence of Phialophora in our analyzes is suspected and is a surprise. Indeed, 

Phialophora is very rare mold of indoor air and it is a species of aggressive mold, which 

can cause skin infections and subcutaneous but also responsible and chromoblas-

tomycosis phaeohyphomycosis.  

Finally, Actinomycete is the most present bacteria in this study. They are a group of 

gram-positive bacteria. They resemble fungi because they are adapted to life on solid 

surfaces and they can produce mycelium and dry spores like most fungi. Actinomycete 

spores are known to be important air contaminants in occupational environments and as 

indicators of mold problems in buildings. They are responsible of harmful effect on 

human health as allergic alveolitis and other severe health effects. Because of the stim-

ulattion of lung macrophage reactions, inflammation and tissue injury can be observed. 

Actinomycete spores are more difficult to aerosolize cause of thier smaller size than 

fungal spores. 

 

With the results, several things were observed. Based on the European Union mold ex-

posure standards, a vast majority of the analyzed pieces have a concentration < 50 

CFU/m3 (Building J, Fitness room, P1, Mt1, Staff room and A240) ie, a very low risk of 

contamination.  

However, we can also see an overrun of this first level of contamination on different 

sampling areas. Indeed, concerning the seem-like yeast, the areas P2, P3 and Y2 obtain 

a higher level of CFU/m3. Thus, 88,3 CFU/m3, 381,6 CFU/m3 and 81,3 CFU/m3 are 

obtained for the three different areas. Concerning Actynomycetes, areas P3 and Mt2 also 

exceeded the 50,0 CFU/m3 value. The concentrations obtained are thus 67,1 CFU/m3 

for P3 and 53,0 CFU/m3 for Mt2. Finally, for molds, four sampling zones exceed this 

threshold value. A concentration of 95,4 CFU/m3 for the P3 zone ; 95,5 CFU/m3 (malt 

FIGURE 27. Microscopic observation 

of Phialophora 
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2% agar) and 62,9 CFU/m3 (DG-18 agar) for Y1 ; 83,3 CFU/m3 (malt 2% agar) and 77,7 

CFU/m3 (DG-18 agar) for Y2 ; Finally, 83,3 CFU/m3 (malt 2% agar) and 77,8 CFU/m3 

(DG-18 agar) for Y3 are observed. This excess value can have a significant impact on 

the percentage of contamination as well as on human health. 

 

One of the fundamental steps in prevention of the propagation of mold is to reduce dust. 

In fact, mold can be attached to them and thus spread into the indoor air. A good clean-

ing allows a significant reduction of the risk of contamination. In case of demolition or 

repair of a structure which has been contaminated by mold, this may have the effect of 

multiplication by 1 million dust concentration [25]. It is imperative to manage the 

proper dust removal to ensure the health of other occupants. 

 

An element who significantly reduces contamination and proliferation of mold is to 

reduce humidity. Although a breakdown is generally ideal for an excessive humidity in 

the house, it is possible to observe, in case of malfunction, an aggravation of the phe-

nomenon. Mechanical ventilation (simple or double flow, hygroadjustable…) must be 

optimum and must effectively filter the air to remove moisture from air change can 

contain mold spores attached or not. From a regulatory point of view, every hour, the 

half-of the total air volume of the rooms must be renewed [26].  

 

Another effective method that can reduce humidity is the use of chemical or electric 

moisture absorbers. As regards the chemical absorbent, the air passes through a chemi-

cal cartridge or pellet, usually sodium chloride, which absorbs moisture and turns into 

water. For electric absorbent, it is more effective than the chemical absorber. The am-

bient air is sucked through a ventilation system, the air condenses and the water is col-

lected in a recovery tank. A humidity of around 70% is ideal for mold growth, so it is 

necessary to reduce around 30%. The latest technologies to prevent mold growth and 

proliferations the optimization of the insulation and the use of anti-fungal treatment. 

Indeed, in both cases, mold will not have direct contact with the interior of the building. 

For anti-fungal, they will allow the establishment of the protective barrier against the 

mold [27]. 

 

Concerning the analysis made on the campus and the other building, all measures were 

achieving only been done once. It is possible that several factors such as temperature, 

humidity, air flow (not measured in our study), age of buildings, special events (leding 
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pipes, treatments ...) before and/or during measurements, or the construction materials 

used can have an impact on results. So, it is possible that the risk of contamination is 

much higher (or lower) cause of the state of the buildings, particularly for buildings Y. 

 

In this building, after several hours in this building, fatigue and a strong sinus irritation 

and throat was felt, despite the mask. The entire buildings had a strong musty smell and 

a large number of wall and floors had inlaid molds. According to officials, these prob-

lems are due to water damage that has suffered the building. Indeed, some pipelines 

have exploded several years ago during the winter and thus degraded the quality of the 

insulation and integrity of the building. The cuisine of buildings Y is less affected by 

the overlay of mold in walls and floors.  

 

However, it has a large number of windows with poor insulation. Moisture and mold 

can thus seep through these contact areas. The room ventilation system (and the build-

ing) is down, so there is a heavy accumulation of dust and particles in suspention in the 

air, can accommodate large quantities of mold spores or bacteria.  

 

Regarding the building P, for the three analyzed rooms, the ventilation system is oper-

ational. One of the major problems of this building is the high concentration of dust in 

some sofas. A large cleaning is necessary to eliminate a maximun mold spores, dust 

related. This building has the same problem of insulation on the windows, so it is nec-

essary, in case of remediation, change with double glazing to avoid contamination, but 

also energy losses. In the meeting room, often being occupied by students, the temper-

ature and humidity is very important. It maybe good to establish a moisture reducer 

(electrical or chemical) to reduce the humidity of the room, so the possibility of conta-

mintion by mold. 

 

As regards the other buildings on campus as well as external buildings of the university, 

the air quality remains good despite the presence of some ubiquitous molds in small 

quantities and certain bacteria. No heavy treatment is to achieve. It is possible to store 

in these buildings as some plant species like Hedera Helix or Sansevieria trifasciata 

Laurentii, which allow reductions toxins produced by microorganisms. Indeed, plant 

leaves produce negative ions, similar to many air purifying machines. Negative ions 

attach themselves to particles such as dust, mold spores, bacteria, and allergens. 
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6 CONCLUSION 

 

In this study, there was several different kinds of microbial air sample in buildings. 

Ubiquitous mold and bacteria in our indoor environment were observed. These have a 

significant impact on human health and can significantly degrade the integrity of a 

building.  However, knowledge about indoor mold-related risks are very limited. One 

obstacle is related to the lack of standardization means for measuring the concentrations 

of each species of molds in housing.  

 

This deficiency makes it difficult to compare existing studies using sample-and very 

different analysis. This difficulty is amplified by metrology mark in some global indi-

cators studies (glucan, chitin ...) which do not allow to connect a pathology in one or 

more species data. Moreover, all the environment-related respiratory diseases are not 

clearly defined (sick building syndrome, for example).  

 

Furthermore, interactions with chemicals (formaldehyde ...), organic (mycotoxins, en-

dotoxins) or between microbial species are not likely to simplify the analysis of these 

complex environments. Finally, individual sensitivity plays an important role and 

makes the establishment of a dose / effect even more hypothetical. However, the pro-

gress of standardization of techniques, including the use of distributable techniques 

without exceptional expertise (qPCR) and the study of a growing number of cases in 

the future should provide further insights into the environmental risk to indoor mold. 

 

Finally, some uncertainty errors in this analysis can happened during the sampling, the 

cultivation and during the indentification. So, it is possible to erroneous conclusions. In 

order, to refine the measures and results, it is necessary to carry out much analysis and 

spend more time on identifications with a more suitable material. The sampling and 

FIGURE 28. Sansevieria trifasciata Laurentii & 

Hedera Helix 
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analysis were made in winter time, like it is suggested. However, this kind ofmeasures 

will present the situation only during sampling time and it will need to make new 

measures/identifications. It’s possible to use the PCR identification the next time to ob-

tain better identification. 
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