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Introduction: Airborne Cladosporium spores in different regions of the 
world are known as the main cause of allergic diseases. This study aimed to 
identify the Cladosporium species airborne fungi in Ahvaz wastewater treat-
ment plant area and its adjacent places and check the effect of some meteoro-
logical parameters on their emissions.
Materials and methods: Cladosporium spores were cultured on Sabouraud`s 
dextrose agar (SDA) medium in both cold and warm seasons. The passive 
sampling method was performed and after incubation, colonies were counted 
as CFU/Plate/h. Then, according to the macroscopic and microscopic charac-
teristics of the genus, the fungal was studied. The meteorological parameters 
including temperature, humidity, air pressure, dew point, wind speed, and 
ultraviolet index were measured.
Results: At least, 3358 colonies were counted. 1433 colonies were related 
to the Cladosporium species. The amount of Cladosporium in indoor air was 
46% of the total Cladosporium. The average of meteorological parameters 
includes temperature, humidity, air pressure, dew point, wind speed and UV 
index during the study were 27.8 °C, 32.9%, 548.7 °Kpa, 3.6°, 9.1 km / h 
and 3.9 respectively. 42.6% of the total number of colonies was related to the 
Cladosporium species. Cladospiromes had a direct correlation with the dew 
point, temperature, humidity, air pressure, wind speed, and ultraviolet index 
(P<0.05). Primary sludge dewatering has the greatest role in the Cladospo-
rium spores emission.
Conclusion: Considering the importance of Cladosporium spores in the ap-
pearance of allergic diseases, and given that wastewater treatment workers 
spend most of their time outside, observing health and preventive measures is 
necessary in this regard.
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Introduction 
The impact of wastewater treatment plants has 
been highlighted in recent centuries. Pollutants 
can enter the air through sewage droplets created 
during the treatment process [1]. Bioaerosols en-
ter the human body through disparate way inhala-
tion, ingestion or absorption into the human body 
and cause various health effects including conta-
gious diseases, acute toxic effects, allergies, and 
cancers [2]. The combination, size, and microbial 
contamination are dependent on the source of 
production, the mechanism of airborne emission, 
and most importantly the prevailing local condi-
tions. There is a thin layer of moisture around the 
bioaerosols generated from water sources. Bio-
aerosols are affected by Brownian motion, grav-
ity, electrical forces, thermal gradient, electro-
magnetic radiation, turbulent diffusion, inertial 
forces, oxygen concentration, and relative humid-
ity; Bioaerosols reactions to these forces depend 
on their physical properties, such as size, shape, 
and also on biological factors such as the type of 
organism and the growth phase. Bioaerosols in-
cluding bacteria, fungal spores, broken parts of 
cells and derived products of microbial metabo-
lism [3, 4]. The results of studies show that the 
prevalence of fungal allergies worldwide is be-
tween 3-10% [5, 6]. For these reasons, the study 
on fungal spores was formed [7, 8]. The fungal 
spore’s aerodynamic diameter is 1- 30 microme-
ters [9, 10]. The concentration of airborne fungal 
spores has been related to humidity, wind, rain-
fall, temperature, altitude, and vegetation [11]. 
The efficacy of some fungal spores in allergic 
diseases like asthma and allergic rhinitis are well 
known. Cladosporium is one of the most common 
fungal that is found in the air, water, soil, and de-
generate plants. Cladosporium develops a disease 
in people with immune deficiency and has a high 
ability to stimulate allergic reactions in sensitive 

individuals [12]. Also, these diseases, cause to re-
ducing the life quality and increasing health care 
costs. Exposure to contaminated air causes an in-
crease in mortality rates through diseases such as 
asthma, rhinitis, and loss of lung function [13]. 
Considering the importance of the issue and role 
of Cladosporium fungi on the health of wastewa-
ter treatment plant workers and who lives around 
it, this study can help physicians and community 
health authorities to improve health conditions 
and thus improve the health status of exposed 
Cladosporium fungi.

Materials and methods
This descriptive-analytic study was conducted in 
the Ahvaz wastewater treatment plant’s area and 
adjacent places which are located in the southwest 
of Iran. It lies on latitude 31 º16’ N and longitude 
48 º36 E ‘. The study was carried out through 
both cold (January and February) and warm (Jun 
and July) periods in 2018. This wastewater treat-
ment plant operated in a conventional activated 
sludge method. Sampling was performed accord-
ing to the EPA schedule in 2018 every 12 days 
in 10 cm plates [14]. Sampling was carried out 
through the passive method according to the mi-
crobiological sampling index of the air, which is 
known as 1/1/1 standard (at 1 m height and a 1 
m distance from the walls and sources for 1 h) 
[15]. In this study, the sampling was performed 
from 9 points including two points located 60 m 
away from the upstream and downstream of local 
dominant wind blowing, two points with a dis-
tance of 2 and 10 m away from the grit chamber, 
two points 2 and 10 m away from the primary 
sludge dewatering basin, two points 2 and 10 m 
away from the aeration tank, and one point from 
indoor air of administrative building. A total of 
160 samples were taken in this study. The sample 
was randomly taken from 8 am to 6 pm. During 
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the study, the meteorological parameters includ-
ing temperature, air pressure, dew point, relative 
humidity, wind speed, and UV index were taken 
from AccuWeather [16]. The specific culture me-
dium for fungal was Sabouraud`s dextrose agar 
(SDA), in which chloramphenicol was added 
(100 mg/L) to inhibit the growth of bacteria in the 
fungal culture medium [17]. After each sampling 
step, samples were transferred to the laboratory 
in zip bags, with a cold box in less than 4 h [14]. 
The fungal were incubate for 72-96 h at 25-30 °C 
[10]. After that, colony counting was performed. 
Results reported as CFU/Plate/h (meaning the 
colony formation unit per plate per hour) the fun-
gal genera were identified under a light micro-
scope at 100×400 magnification [18, 19]

Statistical methods
The findings were analyzed using Excel and Spss 
version 22. One sample Kolmogorov-Smirnov 
test was performed to determine the normal dis-
tribution of the data. Then, the Pearson correla-
tion coefficient was used to find the correlation 
between Cladosporium fungal detected, and me-
teorological parameters. Also, the Kruskal-Wallis 

test was applied to compare the mean concentra-
tion of Cladosporium fungal among the units dur-
ing the whole time of the study [20]  P-values of 
less than 0.05 were considered to be statistically 
significant.

Results and discussion
As depicted in Fig 1. Cladosporium spores 
(42.6%) were the most dominant genus dur-
ing this study. In a study in Tehran’s wastewater 
treatment plant, Cladosporium was the dominant 
fungal species, too. Also, the researchers have 
found a significant correlation between fungal 
concentration and temperature, relative humidity, 
wind speed and UV index [21]. 
 Fig. 2 presents the mean concentrations of Clad-
osporium spores according to CFU/Plate/h in dif-
ferent sampling points. As shown in this chart, the 
highest and lowest concentrations of Cladospori-
um were related to the primary sludge dewatering 
basin and aeration tank with an average emission 
of 30.3 and 16.4 CFU/Plate/h, respectively. The 
statistical tests showed a significant difference 
between the concentration of Cladosporium as 
CFU/Plate/h in the office building and ambient 

Fig. 1. The total Cladosporium concentration during the study
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of wastewater treatment plant. (Mann-Whitney U 
test, P <0.05). The Cladosporium ratio of the in-
door environment was 2.29%. Other researchers 
conducted a study on the amount of fungal con-
tamination in the South Tehran wastewater treat-
ment plant. Their results showed that the primary 
sedimentation tank had the greatest impact on 
fungal released. Also, they found that there was 
a direct relationship between the concentration of 
fungi and air humidity [10]. In a study in Beijing 
bioaerosol emissions from a wastewater treatment 
plant were investigated. Researchers selected 12 

Fig. 2. Mean concentration of Cladosporium spores (CFU /Plate/h) in different sampling points

points from upstream and downstream of wind 
direction for Sampling. They found that fungal 
aerosols (more than 930 CFU/Plate/h) had the 
highest concentrations in the sludge dewatering 
basin [22].In different points of sampling during 
the study, temperature, air pressure, dew point, 
relative humidity, wind speed, and UV index was 
in the range of 14.8-40.8 °C, 101.7- 995.8 kPa, 
3.4-3.9 °, 11.2-54.6 %, 3.8-14.4 km/h and 1.8-
6. The average of these parameters is shown in 
Table 1.
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Fig. 3. Percentages of Cladosporium during the study

Table 2. Correlation between the meteorological parameters and Cladosporium concentration 
(CFU/plate/h) during the study

Tem
A

W

 
 H 
D 
Cl

 

Tab

  
mperature (C) 
Air pressure 

(Kpa) 
Wind speed 

(km/h) 
UV index

(%)Humidity
 ()Dew point

ladosporium 

 

 

 As show
season (8
Table 2.
Cladospo
between 
humidity
significan
and tem
Cladospo
showed 
temperatu

ble 2. Correla

Temperatur
(C)  

1 

.855** 

.856** 

.747** 
-.968** 
-.475** 
-.476** 

wn in Fig 3.
89%) and th
. in this st
orium emiss

Cladosporiu
y, and UV in
nt direct cor

mperature [23
orium conce
that there i
ure [24]. In 

Fig. 3. Pe

ation between

Air pressu
(Kpa)  

re 

1 

.856** 

.747** 
-.825** 
-.513** 
-.756**

 The highes
he lowest em
tudy, there 
sion and de
um airborne
ndex (P <0.
relation betw
3]. In a stu
entrations w
is a strong 
a study in P

ercentages of 

 the meteorol
(CFU/plate

Wind  
(km  

ure 

 

1 

.410 
-.84 
-.53 
-.61 

significant: *

st emission o
mission was 

was a dir
ew point. A
e fungal de
05). In a stu
ween the rate
udy in Zag

with meteoro
correlation 

Pollen the co

Warm
11%

6 

Cladosporium

 

logical param
e/h) during the

UV   speed
m/h)

1

0**
-.7 42**

-.3 35**

-.41** 
**P < 0.01 and

of Cladospo
observed in

rect correlat
Also, there 
ensity with 
udy in Turk
e of Cladosp
greb researc
ological para

between th
oncentration 

m during the 

meters and Cla
e study 

H V index

 

 
1

745**

325**

491** 
d*P < 0.05 

orium aeroso
n the warm 
tion betwee
was a sign
temperature

key research
porium spore
chers studie
ameters sinc
he concentr
of Cladospo

Cold
89%

study 

adosporium co

  Humidity
(%)  

 

 

1 
.559**

-.424** 

ols was obse
season (11%

en the amo
nificant neg
e, air pressu
hers showed 
es’ emission
ed the relat
ce 2002 for
ration of Cl
orium spores

 

oncentration 

Dew point ()

 

 

1 
.383** 

erved in the
%). As show
ount of airb
gative correl
ure, wind s
that there w

n with wind s
tionship bet
r one year. 
ladosporium
s at three sta

Cladosporiu 

  

  

1 

e cold 
wn in 
borne 
lation 
peed, 
was a 
speed 
tween 
They 

m and 
ations 

um



N. Talepour, et al. Identification allergen Cladosporium spores... 258

http://japh.tums.ac.ir

As shown in Fig3 . The highest emission of Clado-
sporium aerosols was observed in the cold season 
(89%) and the lowest emission was observed in 
the warm season (11%). As shown in Table 2. in 
this study, there was a direct correlation between 
the amount of airborne Cladosporium emission 
and dew point. Also, there was a significant nega-
tive correlation between Cladosporium airborne 
fungal density with temperature, air pressure, 
wind speed, humidity, and UV index (P <0.05). In 
a study in Turkey researchers showed that there 
was a significant direct correlation between the 
rate of Cladosporium spores’ emission with wind 
speed and temperature [23]. In a study in Za-
greb researchers studied the relationship between 
Cladosporium concentrations with meteorologi-
cal parameters since 2002 for one year. They 
showed that there is a strong correlation between 
the concentration of Cladosporium and tempera-
ture [24]. In a study in Pollen the concentration of 
Cladosporium spores at three stations examined 
and there was a significant correlation between 
the amount of Cladosporium and temperature, air 
pressure and relative humidity [25]. In a study in 
Porto and Amritsar, there was a positive corre-
lation between Cladosporium concentration and 
temperature and the negative correlation between 
Cladosporium concentration and air humidity and 
rainfall [26]. Also, researchers in another study in 
Saudi Arabia demonstrated that temperature and 
humidity were more effective than other meteo-
rological parameters on airborne fungal [27]. In 
a study in Grenada the Spearman correlation sta-
tistical method used to determine the correlation 
between meteorological parameters and fungal 
concentrations. Researchers showed that there is 
a significant relationship between Cladosporium 
concentration and temperature and hours of sun-
light exposure [28].

Conclusion
Some studies have found a close relationship be-
tween the seasonal patterns of airborne disease 
and the pattern of asthma. Researches around the 
world show the important and effective role of 
fungal spores in allergic patients. In many parts 
of the world, Cladosporium and Alternaria are 
known as the most important air pollution fac-
tors, allergic bioaerosols and they are considered 
clinically the causative allergenic agents for most 
patients [29] The high concentration of Clado-
sporium spore causes an increase in the preva-
lence of asthma and chronic bronchitis [30]. The 
findings of this study can be helpful for doctors 
and allergy specialists to diagnose, trace and treat 
patients with a respiratory system with the origin 
of Cladosporium.

Financial supports
This study was not sponsored.

Competing interests
The authors declare that there are no competing 
interests.

Acknowledgements
The authors are grateful to the west of Ahvaz 
wastewater treatment plant for providing us with 
the sampling locations. This work was funded by 
the Environmental Technologies Research Center 
of Ahvaz Jundishapur University (grant number 
ETRC -9701).

Ethical considerations
Ethical issues have been completely observed by 
the authors.

References
1. Korzeniewska E. Emission of bacteria and fungi in the 

air from wastewater treatment plants—a review. Front 
Biosci (Schol Ed). 2011;3:393-407.

2. Massoudinejad MR, Ghajari A, Hezarkhani N, Aliyari A. 



259

http://japh.tums.ac.ir

Journal of Air Pollution and Health (Autumn 2019); 4(4): 253-260

Survey of Fungi Bioaerosols in ICU ward of Taleghani 
Hospital in Tehran by Petri-dish trapping technique and 
Bioaerosol Sampler in 2013. Safety Promotion and In-
jury Prevention. 2015;3(3):147-54.

3. Valipour F, Rezaee A, Jonidi JA, Khavanin A. Adsorp-
tion Of Workplace Bioaerosols Using Iranian Natural 
Zeolite. 2013.

4. Fabian M, Miller S, Reponen T, Hernandez MT. Am-
bient bioaerosol indices for indoor air quality assess-
ments of flood reclamation. Journal of Aerosol Science. 
2005;36(5-6):763-83.

5. Çeter T, Pınar NM. Ankara havasında bulunan fungus 
sporlarının cinsleri ve bunların meteorolojik faktörlerle 
değişimi (Tez). Ankara: Ankara Üniversitesi Fen Bilim-
leri Enstitüsü. 2004.

6. Gergen PJ, Turkeltaub PC, Kovar MG. The preva-
lence of allergic skin test reactivity to eight common 
aeroallergens in the US population: results from the 
second National Health and Nutrition Examination 
Survey. Journal of Allergy and Clinical Immunology. 
1987;80(5):669-79.

7. Boyacioglu H, Haliki A, Ates M, Guvensen A, Abaci Ö. 
The statistical investigation on airborne fungi and pol-
len grains of atmosphere in Izmir-Turkey. Environmen-
tal monitoring and assessment. 2007;135(1-3):327-34.

8. Frost A. Frequency of allergy to Alternaria and Clado-
sporium in a specialist clinic. Allergy. 1988;43(7):504-
7.

9. Fathi S, Hajizadeh Y, Nikaeen M, Gorbani M. Assess-
ment of microbial aerosol emissions in an urban waste-
water treatment plant operated with activated sludge 
process. Aerobiologia. 2017;33(4):507-15.

10. Niazi S, Hassanvand MS, Mahvi AH, Nabizadeh R, 
Alimohammadi M, Nabavi S, et al. Assessment of bio-
aerosol contamination (bacteria and fungi) in the larg-
est urban wastewater treatment plant in the Middle 
East. Environmental Science and Pollution Research. 
2015;22(20):16014-21.

11. Topbaş M, Tosun I, Çan G, Kaklikkaya N, Aydin F. Iden-
tification and seasonal distribution of airborne fungi in 
urban outdoor air in an eastern Black Sea Turkish town. 
Turkish Journal of Medical Sciences. 2006;36(1):31-6.

12. Hollins P, Kettlewell P, Atkinson M, Stephenson D, 
Corden J, Millington W, et al. Relationships between 
airborne fungal spore concentration of Cladosporium 
and the summer climate at two sites in Britain. Interna-
tional Journal of Biometeorology. 2004;48(3):137-41.

13. Kallawicha K, Chuang Y-C, Lung S-CC, Wu C-F, Han 
B-C, Ting Y-F, et al. Outpatient visits for allergic dis-
eases are associated with exposure to ambient fungal 
spores in the greater Taipei area. Aerosol and Air Qual-
ity Research. 2018;18(8):2077-85.

14. Available from: www3.epa.gov/ttnamti1/files/ambient/
PM25/calandar2018.pdf.

15. Hameed AA, Khoder M, Yuosra S, Osman A, Ghanem 
S. Diurnal distribution of airborne bacteria and fungi in 
the atmosphere of Helwan area, Egypt. Science of the 

Total Environment. 2009;407(24):6217-22.
16. Available from: www.AccuWeather.com.
17. Kim K-Y, Kim H-T, Kim D, Nakajima J, Higuchi T. 

Distribution characteristics of airborne bacteria and 
fungi in the feedstuff-manufacturing factories. Journal 
of hazardous materials. 2009;169(1-3):1054-60.

18. Asefa DT, Langsrud S, Gjerde RO, Kure CF, Sidhu MS, 
Nesbakken T, et al. The performance of SAS-super-180 
air sampler and settle plates for assessing viable fungal 
particles in the air of dry-cured meat production facility. 
Food Control. 2009;20(11):997-1001.

19. Gniadek A, Macura AB, Oksiejczuk E, Krajewska-
Kułak E, Łukaszuk C. Fungi in the air of selected social 
welfare homes in the Małopolskie and Podlaskie prov-
inces–a comparative study. International biodeteriora-
tion & biodegradation. 2005;55(2):85-91.

20. Michałkiewicz M. Comparison of wastewater treatment 
plants based on the emissions of microbiological con-
taminants. Environmental monitoring and assessment. 
2018;190(11):640.

21. Kermani M, Dehghani A, Farzadkia M, Nadafi K, Bah-
rami Asl F, Zeinalzadeh D. Investigation of airborne 
bactria and fungi in Tehran’s Shahrake Ghods WWTP 
and its association with environmental parameters. 
Journal of Health. 2015;6(1):57-68.

22. Li J, Zhou L, Zhang X, Xu C, Dong L, Yao M. Bio-
aerosol emissions and detection of airborne antibiotic 
resistance genes from a wastewater treatment plant. At-
mospheric environment. 2016;124:404-12.

23. Kızılpınar İ, Doğan C. Allergen Alternaria and Clado-
sporium Spores Concentration in the Atmosphere of 
Çamkoru (Ankara-Turkey), 2003-2004. Hacettepe 
Journal of Biology and Chemistry. 2011;39:427-34.

24. Peternel R, Culig J, Hrga I. Atmospheric concentra-
tions of Cladosporium spp. and Alternaria spp. sporesin 
Zagreb (Croatia) and effects of some meteorological 
factors. Annals of agricultural and environmental medi-
cine. 2004;11(2):303-7.

25. Grinn-Gofroń A, Rapiejko P. Occurrence of Clado-
sporium spp. and Alternaria spp. spores in Western, 
Northern and Central-Eastern Poland in 2004–2006 and 
relation to some meteorological factors. Atmospheric 
Research. 2009;93(4):747-58.

26. Oliveira M, Ribeiro H, Delgado J, Abreu I. The effects 
of meteorological factors on airborne fungal spore con-
centration in two areas differing in urbanisation level. 
International journal of biometeorology. 2009;53(1):61-
73.

27. Ababutain IM. Aeromycoflora of some eastern prov-
inces of Saudi Arabia. Indoor and Built Environment. 
2013;22(2):388-94.

28. Sabariego S, De La Guardia CD, Alba F. The effect of 
meteorological factors on the daily variation of airborne 
fungal spores in Granada (southern Spain). Internation-
al Journal of Biometeorology. 2000;44(1):1-5.

29. Al-Suwaine A, Bahkali A, Hasnain S. Seasonal inci-
dence of airborne fungal allergens in Riyadh, Saudi 



N. Talepour, et al. Identification allergen Cladosporium spores... 260

http://japh.tums.ac.ir

Arabia. Mycopathologia. 1999;145(1):15-22.
30. Cosentino S, Pisano P, Fadda ME, Palmas F. Pollen and 

mold allergy: aerobiologic survey in the atmosphere 
of Cagliari, Italy (1986-1988). Annals of Allergy. 
1990;65(5):393-400.


