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ABSTRACT 
 

Organic solvents (OS) are chemicals used in variety of industries. Hazardous effect of OS on respiratory 
system is a known risk in occupationally exposed workers. The study aimed at determination of the impact of 
exposure to OS on respiratory system and pulmonary function tests in two different occupations. The studied 
population consisted of three groups; the first group is paint manufacturers in one of the largest factories in 
greater Cairo. The second is a group of pharmacists working in research center laboratories and handling 
solvents nearly similar to those used by the first group. The third is the control group who are engaged mainly 
in administrative tasks. All subjects had undergone history taking stressing on lower respiratory symptoms. Full 
medical examination of the respiratory system was carried out for the three groups. Pulmonary function testing 
(PFT) included measurement of forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1), 
peak expiratory flow rate (PEFR) and forced expiratory flow (FEF 25-75%) as a percentage of the predicted 
value were also performed. Hydrocarbon exposure score (HES score) was calculated of for each worker to be 
used for further assessment of intensity of exposure to OS. Results revealed increased prevalence of respiratory 
manifestations among the exposed groups. All pulmonary function tests were significantly lowered among paint 
workers and researchers in comparison with the control group, moreover, the mean values for paint workers 
were lower than those for researchers. Upon division of exposed workers according to the duration of work into 
three groups (<10 years, 10-20 years and >20 years), progressive decrease of mean values of PFT was observed 
throughout the three groups. Furthermore, we classified exposed subjects according to HES score into high 
exposure group (HEG) and low exposure group (LEG). The prevalence of respiratory manifestations was higher 
in HEG than in LEG. HEG values were lower in all parameters of PFT than LEG. A significant negative 
correlation was found between lung function parameters and age, duration of exposure and HES score of 
exposed subjects. This emphasizes the negative impact of the length of solvent exposure on respiratory health 
and pulmonary functions. 
 
Key words: organic solvents, respiratory hazards, pulmonary function tests, hydrocarbon exposure score.  
 
Introduction 
 

Organic solvents (OS) are substances that are capable of dissolving or dispersing one or more other 
substances. They are used to produce paints, varnishes, lacquers, adhesives, glues, and degreasing/cleaning 
agents. They are also used in manufacturing of dyes, polymers, plastics, textiles, printing inks, agricultural 
products, and some pharmaceuticals. There are millions of workers worldwide exposed to organic solvents. 
(Shoulah, 1992)  

Organic solvents get entery to the body, through inhalation, ingestion and skin absorption. (Unionsafe, 
2005).  

Chronic exposure to OS may affect the respiratory system causing increased COPD risk, asthma and 
bronchial hyper responsiveness. (McCammon, 1996 and Dement et al, 2010). In a study on employees exposed 
to solvents at an automobile finishing plant, there was an increasing decrement in percentage predicted FEV1 
with increasing level of solvent exposure. In addition, a significant negative correlation was found between 
years of exposure and predicted FEV1 and FVC. (Schweigert et al, 2002) 

Central nervous system and the peripheral nerves are affected by solvent exposure (Waheed et al. 2004). 
The skin (Neghab and Stacey, 2000), the liver (Klaassen, 2008) and the bone marrow may be affected. OS 
exposure may insult the kidneys causing tubular and glomerular dysfunction (Brautbar, 2008), besides the 
fertility of men and women and the fetus in a pregnant woman. Some solvents, for example, benzene and 
chloroform, can cause cancer. (Winder and Stacey, 2005). Exposure to mixture of solvents can have synergistic 
effects. (Wikipedia, 2012).  
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Aim of the study: 

 
Determination of the impact of occupational exposure to OS on respiratory system and pulmonary function 

tests.  
 

Subjects and methods: 
 

Subjects: 
 
The studied population consisted of three groups. The first group (group 1) included 191 males. They were 

paint manufacturers in one of the largest factories in greater Cairo. They worked 8 hours per day for 5 days a 
week. They rarely used protective equipments despite their availability for them. The second group (group 2) 
included 123 males. They were researchers (Pharmacists) working in a research center laboratories and 
handling solvents of nearly similar types of that used in the plant. They worked 4-5 hours per day for 3-4 days a 
week. As they are highly educated, they often use protective equipment. The third group (group 3) is the control 
group and included (182 males) engaged mainly in administrative tasks and never exposed to O.S. even like a 
hobby. All groups were comparable as regards their age, gender, socioeconomic status, smoking habits and 
body mass index.       
 
Industrial processes: 

 
Concerning group 1; preparation of resins is done in large process tanks. Raw materials reach those tanks 

through pipelines in certain weights, where reactions take place at a controlled temperature by using agitators. 
Then, mixing of resins, pigments and additives (to give the product the specific structural and finishing 

properties) occurs in ball milling mills for 16-25 hours, for production of paints and inks. 
Finally, filtration of the product for removal of impurities is done and then packing takes place. 
Solvents used in the process of pigment manufacture are always mixtures, they are many types: alcohols, 

e.g. ethyl alcohol, ethylene glycol, ammonia, ethyl glycol acetate, butyl acetate, xylene, toluene, styrene 
monomer, methyl ethyl ketone, isopropane alcohol, methylene chloride, white spirit and other aromatic 
solvents. Volatile solvents “like alcohols” are commonly used in closed systems during pigment or ink 
manufacture. Addition of solvents occurs during mixing and finishing processes where adjustment of paint 
viscosity and softness takes place. 

Work technique is done manually in a semi closed system in three large sectors about 15x5m2. The places 
are ill-ventilated as the present exhaust systems are not in good working conditions.  

As regards group 2; pharmacists used O.S. in their research work. These solvents may be used individually 
or in mixtures. They were nearly of similar types to that used in the plant e.g. methanol, ethanol, acetone, 
chloroform, ethyl acetate, dimethyl formamide (DMF), ammonia and ether. Aromatic solvents as benzene, 
toluene and xylene. They are used in organic synthesis reactions to construct new chemical molecules. These 
molecules are used in biological experiments as cell line reactions, anti-inflammatory, antibacterial and 
anticancer activity.  

Volatile solvents are used in semi open systems; however, laboratories are fairly ventilated as they use the 
available exhaust ventilation.  
 
Methods: 

 
1- History taking: All subjects were asked about lower respiratory symptoms.  They included dry cough, 

productive cough, shortness of breath, wheezing and chest pain. Symptoms of chronic bronchitis and bronchial 
asthma.  

2- Full clinical examination of the respiratory system. 
3- Pulmonary ventilatory function tests. 
Forced vital capacity (FVC) is the maximum amount of air expired after a maximum inspiration. FEV1 is 

the maximum volume of air exhaled in the first second of a forced expiration from a position of full inspiration. 
Values of FVC and FEV1 less than 80% of predicted values are considered abnormal. (Davies, 1998) 

The maximal mid-expiratory flow rate (FEF25-75%) is the average flow between 25% and 75% of VC 
maneuver. Peak expiratory flow (PEF), (FEFmax ) or peak expiratory flow rate (PEFR) occurs at 90% TLC of 
the F-V loop (flow-volume curve). Authors use 50% of predicted as the lower limit of normal for these flow 
rates. (Garay, 2007) 

Spirometric measurements were performed in the sitting position using a portable spirometer, according to 
the criteria of the American Thoracic Society.  First, the subject’s personal data were introduced to obtain 
ventilatory function parameters in the form of forced vital capacity (FVC), forced expiratory volume in 1 sec 
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(FEV1), peak expiratory flow rate (PEFR) and Forced Expiratory Flow rate (FEF 25-75%)  as a percentage of 
the predicted value for each person after adjustment for age, gender, race and height. The subject was instructed 
to perform the maneuver by inhaling as maximally as possible, placing the mouth piece tightly between the lips 
then exhaling as maximally and forcibly as possible.  The test may be repeated as many times as necessary to 
achieve an acceptable result. The best test is always held in the memory of the unit. Therefore, it is better to 
request at least three repeated efforts from the subject. The variation between the best two tests should be within 
5% (ATS, 1995). 

4- Life time Hydrocarbon Exposure Score (HES) was used to assess subjects’ exposure to organic solvents. 
It equals the product of intensity of exposure (coded 2,1 and 0.5) and lifetime hours of exposure. The units are 
hence arbitrary units which represent hours weighted by the exposure intensity factor.  

As a general rule, exposure to hydrocarbons while working indoor without protection was given an 
intensity factor 2, while working indoor with protection or outdoor without protection was allocated an intensity 
factor 1, and exposure to outdoor activities with protection was given an intensity factor 0.5 (Hotz et al., 1989, 
Metwally and El Shabrawy, 2000). So, the solvent exposed subjects were classified into low exposure group 
(LEG) and high exposure group (HEG) with the score value of 32500/32501 as a cutoff point.    

Data were collected and statistically analyzed using ANOVA and Student’s t test for numeric variables. 
Chi-square (x2) test for categoric variables. Bivariate correlations were also used. Significant results are 
considered at p-values < 0.05, highly significant at <0.01 and non-significant at ≥0.05   
 
Results: 
 
Table 1: General characteristics of the studied population 

P - value Group 3 (no.182) 
(Mean ±SD) 

Group 2 (no.123) 
(Mean ± SD) 

Group 1 (no.191) 
(Mean ± SD) 

 

>0.05 42.29±10.39  41.17 ±13.17 43.28 ±11.43 Age (years) 
 
>0.05 
  

82 ( 45.05%) 51 ( 41.46%) 85 ( 44.50%) Smokers      Smoking 
habit 100 ( 54.95%) 70 ( 56.91%) 105 ( 54.97%) Non 

smokers 
<0.05* - 15.17±12.54 18.51±11.04 Duration of  

exposure (years) 

 
<0.01** 

- 14385.72±10811.83 72026.94±44801.25 HES score 
Highly significant** 
Significant   * 
 Group 1: Paint workers  
Group 2: Pharmacists (laboratory workers) 
Group 3: Controls 

 
The table showed no statistically significant difference between the three studied groups as regards the age 

and smoking habit. There was a significant difference in duration of exposure and HES score between the two 
exposed groups.  

 
Table 2: Prevalence of respiratory manifestations among the studied population  

Clinical symptoms Group 1 (no. 191) 
Number, % 

Group 2 (no.123) 
Number, % 

Group 3 (no.182) 
Number, % 

Chi-Square 
P - value 

Dry cough 6 (1.2%) 4 (3.3%) 1 (0.5%) >0.05 
Productive cough 57 (29.8%) 36 (29.3%) 28 (15.4%) <0.05* 
Chronic bronchitis 26 (21.9%) 25 (20.3%) 17 (9.3%) <0.01** 
Dyspnea 56 (40.1%) 55 (44.7%) 36 (19.8%) <0.01** 
Wheezes 0 (0%) 0 (0%) 0 (0%) - 
Bronchial asthma 11(9.4%) 10 (8.1%) 7 (3.8%) <0.05* 
Chest pain 1 (0.5%) 0 (0%) 0 (0%) >0.05 

N.B. more than one symptom &/or sign can be present in one person. 
 
Chronic bronchitis is defined as productive cough on most days for at least 3 months of the year for more 

than 1 year (Davies, 1998) 
As seen in the table, there was a significant difference between the studied groups in some clinical 

manifestations e.g. productive cough, chronic bronchitis, dyspnea and symptoms of Bronchial asthma.  
There was a statistically significant difference between the groups in results of all pulmonary function tests 

studied; there was reduction of the mean values of all parameters of ventilatory functions in subjects exposed to 
organic solvents (group 1& 2) in comparison to group 3.  
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Table 3: Ventilatory function tests among the studied groups. 

 
Parameters 

Group1 (n=191) Group2 (n=123) Group 3 (n=182) P - value 
Mean ± SD Mean ± SD Mean ± SD  

FVC  
(% predicted value) 70.89±18.15 75.94±18.36 81.52±19.68 <0.05* 

FEV1 
(% predicted value) 80.88±15.858 83.95±18.96 91.97±21.46 <0.01** 

PEF 
(% predicted value) 71.69±23.33 75.57±24.99 85.71±23.37 <0.05* 

 
FEF 25-75%  
(% predicted value) 90.09±11.00 92.47±16.72 112.62±17.98 <0.01** 

FVC  = Forced Vital Capacity 
FEV1% = Forced Expiratory volume in first second 
PEF = Peak Expiratory Flow 
FEF 25-75% = Forced Expiratory Flow rate 

 

 
 

Fig. 1: illustrates the percentage of abnormal ventilatory functions in the studied groups. 
 
The highest percentage of abnormalities in different parameters of pulmonary functions were in group 

1(68.4%) followed by group 2 (55.4%). The differences were statistically significant compared to group 3. 
 

Table 4:-Effect of exposure duration on spirometric findings 
PFT Duration of exposure (years) 

Less than 10 years 10 -20 years More than 20 years 
FVC 
(mean±S.D) 

Group1 76.25±20.90 74.60±13.48 73.65±19.14 
Group2 80.16±10.71 78.32±18.83 76.11±16.41 

p-value <0.05 <0.05 <0.05 
FEV1 
(mean±S.D) 

Group1 85.97±12.98 82.41±16.03 78.31±17.19 
Group2 88.82±17.58 85.93±29.23 82.19±14.72 

p-value <0.05  (n.s) <0.05 
PEF 
(mean±S.D) 

Group1 83.27±19.98 75.76±21.64 72.74±23.63 
Group2 84.07±16.65 80.71±23.30 77.62±20.18 

p-value n.s. <0.05 <.0.05 
FEF25-75% (% 
(mean±S.D) 

Group1 115.92±8.46 114.08±9.27 100.33±12.77 
Group2 117.70±6.40 117.18±9.14 109.38±5.74 

p-value n.s. <0.05 <0.01 
 
A significant difference was found in mean values of all pulmonary function parameters between paint 

workers and researchers upon division of workers according to duration of work with solvents. 
The table shows a statistically significant difference between high and low exposure groups regarding all 

pulmonary function parameters, being lower in HEG than in LEG. 
A statistically negative correlation was found between age, duration of exposure to solvents and HES score 

and some pulmonary function parameters in both LEG and HEG. 
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Table 5: Prevalence of respiratory manifestations among HEG and LEG 

Clinical symptoms LEG (N=169) 
Number, % 

HEG (N=168) 
Number, % 

Pearson Chi-Square 
Asymp.Sig. (2-sided) 

Dry cough 4 (2.4%) 5 (3%) >0.05 
Productive cough 39(23.1%) 53 (31.5%) <0.05* 
Chronic bronchitis 18 (10.7%) 38 (22.6%) <0.01** 
Dyspnea 49 (29%) 67 (39.9%) <0.05* 
Wheezes 0 (0%) 0 (0%) - 
Bronchial asthma 9(5.3%) 15 (8.9%) >0.05 
Chest pain 1 (.6%) 0 (0%) >0.05 

There is a statistically significant difference between high and low exposure groups regarding some clinical symptoms; productive cough 
(32% vs.23%), chronic bronchitis (23% vs.11%) and dyspnea (40% vs.29%). Collectively, HEG had higher prevalence of clinical 
manifestations than LEG. 

 
Table 6: Pulmonary function tests among the exposed groups  

 LEG 
N=169 
 

HEG 
n=168 
 

P-Value 

FVC 79.56±13.06 72.11±14.52 <0.01** 
FEV1 89.43±15.60 83.70±16.36 <0.01** 
PEF 81.74±19.79 78.95±25.00 <0.05* 
FEF25-75% 115.80±9.28 112.96±11.52 <0.05* 

 
Table 7: Correlation between some characteristics of exposure groups and pulmonary function tests 

PFT LEG HEG 
 Age Duration of 

exposure 
HES Age 

 
Duration of 
exposure 

HES 

FVC (% 
predicted value) 

-.172 
P=<0.05* 

n.s. n.s. n.s. n.s. n.s. 

FEV1(% 
predicted value) 

n.s. n.s. n.s. n.s. n.s. n.s. 

PEF(% 
predicted value) 

n.s. -.171 
P=<0.05* 

n.s. -.173 
P=<0.05* 

-.192 
P=<0.05* 

-.166 
P=<0.05* 

FEF 25-75% (% 
predicted value) 

n.s. n.s. n.s. n.s. n.s. -.185 
P=<0.05* 

PFT: pulmonary function tests 
 

Discussion: 
 
Inhalation is the most important route of exposure for most solvents. Once inhaled, their vapors can directly 

irritate the upper respiratory tract (nose, throat and bronchial tree) and lungs. Bronchial hyper- responsiveness 
has been assessed in many epidemiological studies, its prevalence and possible determinants have been studied 
in some studies related to occupations. Although the dominant cause of chronic obstructive pulmonary disease 
(COPD) is cigarette smoking, yet chronic occupational exposures to various agents contribute to the incidence 
and the severity of chronic airways disease, including COPD. (Saygun et al, 2007) 

Our study aimed at determination of the effect of OS on the respiratory system at different levels of 
exposures in two different occupations.  

The study revealed no statistically significant difference between all studied groups as regards age, sex and 
smoking habit. So, any decrement in pulmonary functions thus could be attributed to occupational solvent 
exposure only. 

 Duration of exposure and HES score were significantly higher for paint workers than researchers because 
of their longer duration of occupation and nature of work inside the factory.  

Concerning the prevalence of respiratory manifestations among the studied population, prevalence of 
productive cough, chronic bronchitis, dyspnea and bronchial asthma was higher among the exposed groups 
compared to controls. Our results were in accordance with those of Dement et al. (2010) who demonstrated 
increased COPD risk due to occupational exposures to paints and solvents among a group of workers engaged 
in  construction and removal of paints, at Department of Energy nuclear weapons facilities, USA. Moreover, 
Weinmann et al, 2008 insured that COPD incidence is linked to occupational solvent exposure.  

Forced vital capacity (FVC) and Forced expiratory volume in first second (FEV1) are considered good 
predictors for health of the respiratory system (Garay, 2007). However, measuring FEV1 and FEV1/FVC may 
not detect increased resistance in the small airways compared with more sensitive tests, such as graphic display 
of flow versus volume which may demonstrate such abnormalities as a reduction in FEF25-75% when remaining 
flow rates are normal. 

 The present study revealed a significant decrease of all pulmonary function tests studied among paint 
workers and researchers in comparison with the control group. Moreover, the mean values for paint workers 
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were lower than those for researchers. Most of the mean levels of the exposed groups were below the cutoff 
points set for normal values for pulmonary function parameters included in the study.    

In illustration of the percentage of abnormal ventilatory functions in the three studied groups, the highest 
percentage of workers who suffer from abnormalities in different parameters of pulmonary functions were in 
paint workers (68.4%), followed by researchers (55.4%), then the controls (37.3%). The difference was 
statistically significant between the three groups. (Figure 1). 

The same findings were revealed by Ould-Kadi et al, 2007 who found lowered FEV1 in solvent exposed 
group of workers than the control group, and by Yoon et al, 2010 as they concluded that exposure to toluene 
and xylene exert a harmful effect on pulmonary functions in the form of reduction of forced expiratory volume 
in 1 s (FEV₁), FEV₁/forced vital capacity (FVC), and forced expiratory flow at 25-75% of FVC. Again in the 
study of Saad et al. (2008) on tannery workers exposed to benzene and formaldehyde, the values of pulmonary 
function tests (FEV1, FVC) were significantly reduced in the exposed workers.  

  Saygun et al, 2007 found decreased mean values of FEV1 in solvent exposed workers compared to their 
control subjects; however, it was statistically non significant difference. While Ernstgård et al, 2007 found no 
effect of the exposure on the pulmonary functions. 

Our exposed workers were divided according to the duration of work with organic solvents into three 
groups (<10 years, 10-20 years and >20 years). Progressive decrease of mean values of PFT was observed 
throughout the three groups. Additionally, a significant difference in spirometric measurements was found 
between paint workers and researchers at all durations studied. Thus, an observed impact for length of exposure 
on respiratory functions was found in this study.  

This was in accordance with Uzma et al., 2008 who studied pulmonary functions in petrol filling workers 
exposed to OS. They observed a significant deterioration in lung volumes and capacities to reach their worst 
values evidenced by change of restrictive pattern to mixed pattern in workers exposed for long periods (more 
than 10 years).   

Also the study of Ott, 2002 observed annual fixed lung function loss in the form of FEV1 loss among 
employees exposed to toluene diisothyanate. On the contrary, the study of Gupta et al., 1991 did not show any 
significant differences in the prevalence of respiratory impairment between solderers in electronics industry 
exposed either less or more than 10 years.  

Furthermore in our work, we classified exposed subjects (both paint workers and researchers) according to 
the intensity of solvent exposure, by estimating lifetime hydrocarbon exposure score (HES), into high exposure 
group (HEG) and low exposure group (LEG). The majority of the HEG were paint workers while LEG was 
mostly researchers.  

The prevalence of clinical respiratory symptoms and / or signs was higher in HEG than in LEG. It was 
statistically significant regarding symptoms of productive cough, chronic bronchitis and dyspnea.  

Concerning pulmonary functions, HEG values were lower in all parameters to reach the statistical 
significance with all parameters studied. These findings can be explained by the longer duration of exposure 
and older age with HEG of workers resulting in further deterioration in lung function parameters.  

There was a significant positive correlation between the most prevalent clinical manifestations; namely 
productive cough, chronic bronchitis, dyspnea and bronchial asthma with age, duration of exposure and HES 
score of exposed subjects.   Also, negative correlation was found between lung function parameters and those 
previous general criteria in both HEG and LEG. This emphasizes the negative impact of the length of solvent 
exposure on respiratory health and pulmonary functions. 

Those results came in accordance with Schweigert et al, 2002 in their study on employees exposed to 
solvents at an automobile finishing plant. They concluded that there was an increasing decline in percentage of 
predicted FEV1 with increasing intensity of solvent exposure, In addition, a significant negative correlation was 
found between years of exposure and predicted FEV1 and FVC. Kogevinas et al., 1999 results showed a 
negative correlation between FEV1 and years of solvent exposure. 
 
Conclusion: 

 
Adverse respiratory effects of solvent exposure is a known occupational health problem, however this study 

discusses different levels of exposures in two different occupations. It is concluded that increasing levels of 
exposures by increasing both intensity and duration can worsen the respiratory health of workers. Level of 
education also plays an important role. HES evaluation of workers can be promising and non invasive technique 
for environmental monitoring of workplaces’ exposures instead of biological monitoring specially not all types 
of solvents could have measurable metabolites to be detected in biological fluids.    
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Recommendations: 

 
Our results point to the necessity of preventive and control measures in solvent exposed workers to avoid 

adverse respiratory effects. 
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