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ABSTRACT  

 
Little is known whether occupational exposure to airborne fungi might be a potential hazard. In this study, 

the effect of occupational exposure to airborne fungi on the levels of aflatoxins (AFs) and ochratoxin (OTA) in 
the biological fluids of the textile workers was studied. Air samples were collected from pre-spinning, spinning 
and weaving departments in a textile factory for isolation and identification of fungal species. High airborne 
counts of Penicillium and Aspergillus species were detected in the three departments. The study included 62 
textile workers and 60 controls. Levels of urinary AFM1 and serum OTA were measured for all participants. The 
percentage distribution and mean levels of AFM1 were significantly higher in the textile workers than controls 
(83.9% vs. 50% and 404.8 ±552.5 vs. 167.0 ± 283.2 respectively). The percentage distribution of OTA ranged 
from 100% in pre-spinning and spinning workers to 88.2% in weaving workers and 80% in the controls without 
significant differences among them. Noticeably, it represents a common or rather a widespread hazard 
suggesting that external or non-occupational sources of exposure to OTA are having the upper hand. AFM1 
levels was significantly correlated with OTA levels only in the pre-spinning workers. Thus, the need for 
adopting safety measures and health education in textile industries were recommended.  
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Introduction 
 

Occupational exposure to organic dusts, such as cotton dust, commonly contaminated with fungi and their 
mycotoxins would precipitate numerous symptoms and diseases. Textile plants consist mainly of many 
operational sites for blowing, cording and combing, drawing and spinning, and winding and packing. The 
improper environmental condition may encourage the growth of fungi and consequently the production of 
mycotoxins.  

Mycotoxins are produced mainly by different species of fungi including Aspergillus, Penicillium, 
Fusarium, Trichoderma and cellulolytic Stachybotrys chartarum (Kuhn and Ghannoum, 2003). Occupational 
pulmonary mycotoxicoses have been reported as a consequence of inhaled fungal toxins through organic dust 
(Perry et al., 1998). Mycotoxin production in vitro depends on several factors including: genetic predisposition 
of the mould to produce mycotoxins, substrate, humidity and the presence of fungicides or other competitive 
microbial species (Kosalec et al., 2009). 

Aflatoxins (AFs) are mainly produced by Aspergillus flavus and Aspergillus parasiticus (Kosalec et al., 
2009). Ochratoxin A (OTA) is produced by some Penicillium and Aspergillus species (Klarić et al., 2009); 
notably Penicillium verrucosum and Aspergillus ochraceus, but Aspergillus carbonarius and Aspergillus niger 
can also produce OTA (Kosalec et al., 2009). Aflatoxin M1 (AFM1) is a major AFB1 metabolite found in 
exposed individuals (Groopman et al., 1985; Groopman  et al., 1992a & b; Wang et al., 2001), and urinary 
levels of AFM1 in Chinese adults have been correlated with the intake of AFB1 through diet (Zhu et al., 1987). 
There are numerous reports indicating that high frequencies of human blood contamination by OTA, although at 
low levels (Ózcelik et al., 2001; Thuvander et al., 2001) indicating frequent exposures. 

The health risk from ingesting mycotoxin-contaminated agricultural products is widely known and to a 
certain extent controlled. Most publications deal with hazards due to toxic effects after gastrointestinal uptake 
(Hussein and Brasel, 2001; Bennett and Klich, 2003). Little is known about blood and tissue concentrations after 
inhalation of mycotoxins and about human health effects due to this route of exposure (Nielsen, 2003), although 
it is known that mycotoxins occur in bioaerosols and dust at workplaces (Autrup  et al., 1993; Engelhardt et al., 
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2002; Fischer and Dott, 2003).  This could be partly because methods for mycotoxin detection are not sensitive 
enough for the small dust masses obtained by personal sampling, which is needed for inhalation exposure 
measurements. This study aimed to estimate the relationship between occupational exposure to airborne fungi 
and the urinary levels of AFM1 and the serum levels of OTA  in textile workers, and determine the co-
occurrence of AFM1 and OTA in the studied workers. 
 
Methodology: 
 
Air sampling: 

 
Air samples were collected in the workplace environment from 11 am to 3 pm during the working days (6 

days/ week). The samples were taken at 1.5 m height, breathing zone, at the center of each working department 
through liquid impinger (AGI-30) sampler, containing 10 ml buffer phosphate at a flow rate of 12 L/min for 15 
min. Aliquots (0.1ml) of the original samples and their dilutions (up to 105) were directly spread plated, in 
duplicate, onto the surface of malt extract agar. The plates were incubated at 28ºC for 5-7 days and the resultant 
colonies were reported as colony forming unit per cubic meter of the air (CFU/m3). Fungal isolates were mainly 
identified by direct observation using various literatures (St-Germain and Summerbell, 1996). 
 
Subjects: 

 
The present study was a cross-sectional comparative study. Sixty-two male textile workers from pre-

spinning, spinning and weaving departments participated in the present study. The controls included 60 non-
exposed male workers from the National Research Centre (NRC). Both groups were comparable for the 
confounding factors: sex, age and smoking. Ethical consent was taken from the Ethical Committee of NRC, and 
written consent was obtained from all the included subjects.  
 
Biological Samples: 

 
Blood and urine samples were collected from all participants. Clotted blood was centrifuged and sera were 

kept at -20oC until determination of OTA. The urine samples were used for the determination of AFM1.    
 
Determination of Mycotoxins: 
 
Extraction of aflatoxin M1 in urine samples: 

 
Prior to extraction all urine samples were stored at -20 OC and the extraction was carried out according to 

the method described by Polychronaki et al. (Polychronaki et al., 2008). In brief, urine samples were thawed 
and 20 ml was adjusted with 1 N hydrochloric acid or potassium hydroxide to pH 5, and following 
centrifugation (3000g, 10 min), the samples were loaded onto a C18-E Strata cartridge (6 ml, 500 mg silica 
sorbent, Phenomenex, Cheshire UK) using an eight-channel peristaltic pump. The cartridges were washed with 
5 ml 5% methanol. Aflatoxin residues were eluted from the C18-E Strata cartridge using 3 ml of 1:1 methanol: 
1% acetic acid followed by 5 ml methanol. The eluent was dried in vacuo to approximately 200 μl and was 
reconstituted in 2 ml of water prior to immunoaffinity enrichment. AflaTest P immunoaffinity columns (IAC) 
(Vicam, Watertown, MA, USA) were washed with 10 ml PBS followed by 10 ml of distilled water, and loaded 
with the 2 ml of extracted samples. These were then washed with 5 ml PBS followed by 10 ml of distilled water. 
The aflatoxin residues were eluted with 5 ml of 95% methanol and were dried overnight in vacuo. The dried 
extracts were reconstituted in 100 μl methanol and quantified by HPLC with fluorescence detection.  
 
HPLC-detection:  

 
Reverse phase HPLC (Waters apparatus with delivery system model 600 and scannin fluorescence 

detector(Ex. 365, Em 450 nm). The millennium software program was used for calculations and a Nova pak 
C18 column (150 by 4.6 mm, 4 lm) was used. Chromatographic separation was obtained by an isocratic system 
with a mobile phase of H2O: Isopropanol: acetonitrile (80: 12: 8). The flow rate was 1.2 ml/min, the oven 
temperature was 40 OC and the sample injection volume 10 μl. AFM1 standards were purchased from Sigma 
Chemical Co. (St. Louis, MO, USA), and stored at -20 OC in a vial wrapped in aluminium foil. Since aflatoxins 
are carcinogens, care was exercised to avoid personal exposure and decontamination procedures with 10% 
sodium hypochlorite were used. HPLC grade methanol and acetonitrile were purchased from Rathburn 
Chemicals Ltd. (Walkerburn, UK). The concentrations of urinary aflatoxin M1 were estimated from separate 
five point standard curves (regression coefficient > 0.995 for all curves) with limits of detection at 5 pg/ml of 
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urine for AFM1. The limits of detection were defined as the lowest concentration of each aflatoxin that could be 
reliably detected (>3:1 signal to noise ratio) and quantified (%CV < 6 for five repeatable injections). Each 
analysis was performed twice, and the results presented are mean values of the two Aflatoxin M1 standards was 
injected every six injections as a quality control. 
 
Extraction Of OTA In Serum Samples: 

 
Determination of OTA in sera by immunoaffinity-HPLC method described by Grosso et al. (2003). In brief, 

2 ml of serum were diluted with 40 ml of MgCl2/HCl solution (MgCl2 0.1 M/HCl 0.05 M) and OTA was 
extracted by 10 ml chloroform. After evaporation of the chloroform phase, the residue was suspended in 1 ml of 
methanol and diluted into 50 ml of Tris/HCl buffer pH 7.5 before loading onto the IAC. After washing the IAC 
by water and air-drying, ochratoxin A elution was done according to the manufacturer’s instructions, i.e. by 
using 2 ml of methanol/acetic acid (98/2, v/v). The eluate was then evaporated under a gentle stream of nitrogen 
before being re-suspended into 1 ml of the HPLC mobile phase. The extracts were analysed by the same HPLC 
used in AFM1 determination with fluorescence detector (Ex. 335, Em 465 nm). The mobile phase was an 
acetonitrile: water: glacial acetic acid solution, 55: 43 :20 (v:v), the flow rate being set at 1 ml/min. The 
calibration curve was done with 5 calibrant solutions containing 0.05-0.10-0.25- 0.50-1.00 ng of OTA (injection 
volume: 50 ml), the concentration of the stock solution of OTA being previously checked by spectrophotometry. 
All samples were analysed once on 2 ml of serum. 

 
Statistical Analysis: 

 
The collected data were statistically analyzed through SPSS package version 16. Quantitative data were 

represented as mean ± standard deviation, and qualitative data as number and percent. The results were analyzed 
through the non-parametric measures (Mann-whitney and Kruskal-Wallis) and Pearson’s Chi-square (²). The 
relationships between the different variables were studied through correlation coefficient. The level of 
significance was set at p-value < 0.05. 
 
Results and Discussion 
 

Fungi are often used as indicators for the presence of mycotoxins both in agricultural and occupational 
settings. However, they must be quantified and identified at the species level in order to relate the fungi to a 
certain mycotoxin; because the mycotoxin production depends on the fungal genus, species and strain (Thrane et 
al., 2004). The major mycotoxin classes of concern are AFs, OTA, and fumonisins, which are produced by the 
three fungal genera Penicillium, Aspergillus and Fusarium respectively (Halstensen, 2008; Kosalec et al., 2009). 
The impact of mycotoxins through inhalation of mould containing dust in various occupational environments is 
controversial.  

In the current study, airborne fungal concentrations were markedly higher in the pre-spinning department 
compared to the spinning and weaving departments. Penicillium and Alternaria were detected in the three 
workplace departments. The total counts of Penicillium species and Aspergillus niger were the most prevalent 
species in the pre-spinning department. However, the total counts of Aspergillus flavus were higher in the 
weaving department compared to the pre-spinning department. Aspergillus terreus and Fusarium spp were 
detected only in the spinning department (Table 1). In the workplaces tested, no prevention measures were 
applied, since workers did not use respiratory protection devices although they are working in confined 
environments and the workplaces were devoid of forced local and general ventilation systems. The duration of 
occupational exposure of the included workers were more than 5 years (12 ± 2.4 years. 

Consequently, the higher percentage of positive and the higher concentrations of AFM1 in the urine of 
textile workers compared to their controls could be attributed to an extra source of occupational exposure than 
that of the controls (Table 2), which reflex the occupational exposure to higher environmental counts of 
Aspergillus in their workplace. Similar to the current observation, Dvorackova and Pichova (Dvorackova and 
Pichova, 1986) detected the presence of AFB1 in lung tissue samples of textile worker suffering from pulmonary 
interstitial fibrosis.  

Aspergillus flavus spores; the primary producer of AFs, were detected at high counts in the air of pre-
spinning and weaving departments, but was not detected in the spinning department. This could explain the 
higher percentage of positive and the higher concentrations of AFM1 in the urine samples of textile workers in 
these two departments compared to those in the spinning department (Table 3). AFM1 was detected in the urine 
of 57% of the spinning workers which suggested the non-occupational sources of exposure comparable to 50% 
of the controls. In this concern, Mokhles et al. (Mokhles et al., 2007) found that AFM1 was detected in 50% of 
Egyptian control subjects which may be due to the exposure to aflatoxin through other route mainly through the 
consumption of contaminated food.  
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Interestingly, in weaving workers, the urine concentrations of AFM1 correlated significantly with their 
working durations (Table 4). This could be attributed to their exposure to dust contaminated with sufficient 
counts of Aspergillus flavus in the air of the weaving department more than that in the pre-spinning workplace, 
but not in the spinning one. Consequently, the indoor/closed spaces in the weaving processes may be an 
additional precipitating factor for growth of this fungus. 

 
Table 1: Identification of airborne fungal spore counts in the work environment at the different departments in textile industry . 

 Pre-spinning Spinning Weaving 
Colony forming units (CFU x 103/m-3 air): 

Range 8.6 - 10.6 1.2 - 4.0 0 – 6.0 
Mean 9.62  2.55 2.31 
Median 9.6 2.5 1.33 

Fungal spores counts (CFU x 103 m-3): 
Penicillium 4.67 0.27 0.27 
Aspergillus niger 0.67 0.60  - 
Aspergillus terreus - 0.67 - 
Aspergillus sp. 0.27 0.53 - 
Aspergillus flavus 0.27 - 0.53 
Fusarium - 0.27 - 
Yeast - 4.60 0.27 
Alternaria 0.67 0.80 0.53 

CFU m-3: colony forming unit per cubic meter 
 

Table 2: Urinary AFM1 and serum OTA concentrations in the textile workers and controls. 

 
 Textile Workers 

N=62 
Controls 

N=60 
Statistical test 

value 
P-value 

Urinary AFM1 levels (pg/ml) 
Mean ± SD   
Median 
Range 

 
404.8 ±552.5 

190 
(0-2410) 

 
167.0 ± 283.2 

10 
(0-920) 

2.3* 0.02 

Positive urinary AFM1 
N% 

 
52 (83.9%) 

 
30 (50%) 

 
5.2** 

 
0.02 

Serum OTA levels (pg/ml) 
Mean ± SD   
Median 
Range 

 
957.3 ± 1681.4 

360 
(0-6970) 

 
743.8 ± 1376.3 

245 
(0-5810) 

1.9* NS 

Positive serum OTA 
N% 

 
58 (93.5%) 

 
48 (80%) 

 
0.8** 

 
NS 

  * Mann-Whitney U  
  **chi-square 

 
Table 3: Urinary AFM1 and Serum OTA levels of the textile workers in the different departments 

 
Prespining 

N=14 
Spinning 

N=14 
Weaving 

N=34 
Statistical 
Test value 

p-value 

Urinary AFM1 levels (pg/ml) 
Mean ± SD   
Median 
Range 

 
530.7 ±337.2 

430 
(65-1100) 

 
229.6 ± 434.9 

87 
(0-1200) 

 
425.1 ± 661.8 

150 
(0-2410) 

 
4.6* 

 
NS 

Positive AFM1 
N% 

14 (100%) 8 (57.1%) 30 (88.2%) 5.3** NS 

Serum OTA levels (pg/ml) 
Mean ± SD   
Median 
Range 

 
265 ±160.0 

290 
(30-450) 

 
1514.3 ± 2041.4 

360 
(170-4500) 

 
972.4 ± 1799.3 

450 
(0-6970) 

 
1.9* 

 
NS 

Positive OTA 
N% 

14 (100%) 14 (100%) 30 (88.2%) 2.4** NS 

 * Kruskal- Wallis 
 **chi-square 
 
Table 4: Correlation between job duration and levels of urinary AFM1 and serum OTA of textile workers in different departments  

Job durations (years) 
n 

Urinary AFM1 levels Serum OTA levels 
r p-value r p-value 

All textile workers 62 0.151 NS -0.166 NS 
Pre-spinning 14 -0.01 NS 0.5 p< 0.05 
Spinning  14 0.1 NS 0.3 NS 
Weaving  34 0.5 p< 0.005 0.2 NS 
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The higher percentage of textile workers and controls with positive serum OTA reported in the current 
study (Table 2), was correlated well with the results reported by Radić et al. (1997). They found high OTA 
concentrations in the plasma of healthy Croatian population who did not live in endemic areas. These results 
suggested that the route of exposure to OTA could be attributed to other routes most probably dietary intake of 
contaminated foods, e.g. cereal, bread, pork, poultry meat, coffee, beer, wine, red grip-juice and cow's milk 
(Jorgeenssen et al., 1996), but not occupational exposure alone. 

Although, there was no significant difference in the serum concentrations of OTA between the textile 
workers and their controls (Table 2), as well as between the textile workers within the three departments (Table 
3), serum level of OTA in the pre-spinning workers were significantly correlated with their working durations 
(Table 4). This could be explained by the combined exposure to high counts of Penicillium and Aspergillus 
niger, detected in the pre-spinning department compared to that in the other two departments. These two genus 
have the ability to produce OTA (Klarić et al., 2009), although Aspergillus ochraceus; the primary producer of 
OTA (Kosalec et al., 2009), was not detected in the environment of any of the three departments. 

The significant positive correlation between the urinary levels of AFM1 and serum OTA of pre-spinning 
textile workers (Table 5), suggested that the workers in this department are at high risk from exposure to more 
than one mycotoxin compared to the workers in the other departments. This is probably due to the fact that 
AFB1 and OTA are produced by different moulds; mostly Penicillium spp. and Aspergillus spp which were 
found to be the highest fungal contaminant in the environment of the pre-spinning department compared to the 
spinning and weaving departments. On the other hand, the prolonged co-exposure to more than one mycotoxin 
might increase the risk of various chronic diseases in the exposed population (Klarić et al., 2009). This 
represents an additional source of risk that must be addressed, assessed and prevented in further studies.  
 
Table 5: Correlation between urinary AFM1 and serum OTA of the textile workers in the different departments. 

Urinary AFM1 - Serum OTA 
 n r= P-value 
All textile workers 62 -0.2 NS 
Pre-spinning  14 0.3 P< 0.05 
Spinning  14 -0.1 NS 
Weaving  34 -0.2 NS 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1a: HPLC chromatogram of AFM1 standard indicated that AFM1 standard was eluted at 4.84 min. 
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Fig. 1b: HPLC chromatogram of AFM1 in urine of textile workers indicated that AFM1 was eluted at 4.674 

min. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2a: HPLC chromatogram of OTA standard showed that OTA eluted at 4.739 min. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2b: HPLC chromatogram of OTA in serum of textile workers showed that OTA was eluted at 4.737 min. 
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Conclusion: 
 

The current study concluded that occupational exposure to high airborne fungi, especially Aspergillus 
flavus, increases the risk of elevation of the urinary AFM1. Serum OTA could be a possible problematic 
mycotoxin in both the textile workers occupationally exposure to high counts of Penicillium and Aspergillus 
niger and their controls. Pre-spinning workers are at high risk from exposure to more than one mycotoxin 
compared to the workers in the other departments. Personal and ventilatory safety measures should be taken in 
consideration to reduce the exposure of fungi and mycotoxins in the workplaces. 
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