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Respiratory Function in Sewage Workers 

Eugenija Zuskin, MD, DSci, Jadranka Mustajbegovic, MD, MrSci, and 
E. Neil Schachter, MD 

Respiratory symptoms and ventilatory capacity were studied in a group of 74 sewage 
workers employed in cleaning the city sewage system of Zagreb, Croatia. Workers were 
studied by their work stations: closed channels (N = 26), drainage (N = 31), and other 
sewage workers (N = 17). The prevalence of chronic respiratory symptoms was higher 
in closed channel and drainage workers than in controls, particularly for chronic cough 
(range: 41.9-46.2% vs. 14.3%), chronic phlegm (range: 38.7-46.2% vs. 14.3%), 
chronic bronchitis (range: 32.3-42.3% vs. 8.6%), and chest tightness (range: 29.0- 
53.8% vs. 0%). In the first two groups of sewage workers there was a high prevalence 
of acute symptoms which developed during the work shift, being particularly pro- 
nounced for eye irritation (range: 16.1-26.9%), dyspnea (16.1-23.1%), dizziness 
(range: 6.5-23.1%), throat burning (9.7-19.2%), and skin irritation (range: 22.6- 
26.9%). Baseline ventilatory capacity was significantly decreased compared to predicted 
values in sewage workers; in particular, values for FEF5O and FEF25 were reduced, 
suggesting obstructive changes in smaller airways. Our data indicate that sewage work- 
ers experience frequent acute and chronic respiratory symptoms and exhibit objective 
evidence of respiratory dysfunction. 0 1993 Wiley-Liss, Inc. 
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INTRODUCTION 

Work in the sewage system presents constant exposure to noxious gases, va- 
pors, and fumes, as well as explosive substances (such as methane) and infectious 
agents. In addition, this work is carried out in confined spaces with a lack of adequate 
ventilation. Sewage workers perform numerous specific tasks, each with its own 
special hazardous exposures. These include dewatering plant workers, incinerator 
workers, aeration plant workers, etc. A number of studies have investigated the health 
of sewage treatment workers and have related these findings to workplace exposures. 

McCunney [ 19861 described the potential health hazards associated with work 
at wastewater treatment plants; these hazards included infectious agents (bacteria, 
viruses, and protozoa) from domestic waste, as well as toxins, heavy metals, and 
other inorganic hazardous substances in industrial wastes. Most occupational studies 
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of this industry have focused on looking for evidence of previous or concurrent 
infections with specific disease pathogens or parasites in wastewater treatment plants 
[Clark et al., 1976, 19791. Sewage and wastewater treatment workers experience an 
increased frequency of diarrhea, headache, eye irritation, dizziness, sore throat, skin 
disorders, and gastrointestinal symptoms when compared to controls [Morse et al., 
1979; Sekla et al., 1979; Lundholm and Rylander, 1983; Elia et al., 1983; Scarlett- 
Kranz et al., 19871. Similar symptoms have been found in a facility composting 
household garbage where no industrial chemicals were present. Clark et al. [1979] 
found that newly employed sewage workers were more likely to report gastrointes- 
tinal signs than experienced workers, suggesting that immunity or tolerance may 
develop to some of the toxins or infectious agents present. The investigation of 
Nethercott and Holness [ 19881 described an “influenza-like” syndrome, with cough, 
sputum production, wheezing, sore throat, fever, and skin complaints in sewage plant 
treatment workers who also had reduced lung function. 

Ozonoff et al. [1987] reported that among community residents exposed to 
airborne hazardous wastes there was an increased prevalence of complaints referable 
to the respiratory system (wheezing, shortness of breath, chest discomfort, persistent 
colds, cough), constitutional complaints (fatigue, bowel dysfunction), as well as 
irregular heart rhythms and irritation of the eyes and nose. In sewage treatment 
workers, serum immunoglobulins, white blood cell counts, and platelet counts were 
elevated. These workers showed increased levels of C-reactive protein and fibrinogen 
degradation products [Rylander et al., 1977; Mattsby and Rylander, 19781. A “sew- 
age worker’s syndrome” was described by Clark et al. [ 19771, who found a high level 
of IgA and abnormal liver function studies (SGOT). Lundholm and Rylander [1983] 
suggested that many symptoms among sewage workers were caused by toxins from 
Gram-negative bacteria. 

There are currently no available data on the respiratory function of sewage 
workers employed in cleaning and maintaining an underground sewage system. In our 
study, we investigated the prevalence of respiratory symptoms and the ventilatory 
capacity in a group of sewage workers performing these tasks in the city of Zagreb, 
Croatia. 

SUBJECTS AND METHODS 
Working Environment 

A number of chemicals enter the Zagreb sewage system as industrial or house- 
hold effluent. Pathogenic bacteria, viruses, the cysts of protozoa, the ova of helm- 
inths, and fungal spores have been found in sewage sludge [Babish et al., 1984; 
Majeti and Clark, 19811. Domestic waste contains human feces which is the major 
component implicated in the spread of bacterial, viral, protozoan, fungal, and hel- 
minth disease. Classic water-borne bacterial infections include cholera, salmonella, 
typhoid fever, shigella, hepatitis, and amebic dysentery. 

Only a small number of the toxins in sewer sludges have been identified. The 
main toxic substances associated with industrial waste include: a) organic compounds 
(gasoline, pesticides, cancer causing agents); b) acids and alkali; and c) radioactive 
material. Mumma et al. [1984] and Babish et al. [1984] reported high concentrations 
of toxic metals in sludges from specific municipal plants. Many noninfectious toxins, 
such as mercury, zinc, silver, copper, lead, cadmium and other heavy metals, anti- 
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mony, arsenic, solvents including benzene, and complex hydrocarbons have been 
identified in wastes [Landrigan, 19891. However, even sludge derived from relatively 
small communities, representing largely domestic users, contains many toxic ele- 
ments resulting from nonindustrial activities. 

Among our studied workers, the most potentially hazardous job was that per- 
formed in confined and unventilated areas (e.g., sewers, tunnels, pipes, wet wells, 
manholes, pits, pumping stations, and sludge digestors). In these confined spaces, 
there is usually little or no ventilation, little room for movement, and few exits or 
entrances. Confined spaces can be especially dangerous because gases can rapidly 
accumulate at the bottom of these areas or in isolated pockets. Our studied population 
was divided into three groups: 1) those working in closed channels; 2) those cleaning 
an open drainage system; and 3) others (mechanics and vehicle drivers). The work in 
the closed channels was performed manually, while cleaning of the drainage system 
was done by machines. Results of the environmental studies where our workers were 
employed documented the presence of carbon monoxide (CO), carbon dioxide (CO,), 
ammonia (NH,), hydrogen sulfide (H,S), cyanide (HCN), trichlorethylene 
(C,HCL,), methane (CH,), ethane (C,H,), propane (C,H,), butane (C4HI0), ethylene 
(C,H,), and propylene (C,H,). These pollutants were measured with Drager tubes. In 
addition, we measured the varying concentrations of phenol (0.18-3.01 mg/L), chlo- 
ride (61-157 mg/L), ammonia (15.4-31.3 mg/L), sulphate (69-147 mg/L), nitrites 
(0.02-0.20 mg/L), cyanide (0.02-0.04 mg/L), chromium (0.13-4.45 mg/L), copper 
(0.01-0.07 mg/L), nickel (0.03-0.07 mg/L), lead (0.06-1 . I6  mg/L), and cadmium 
(0.002-0.006 mg/L). These latter pollutants were measured by spectrophotometry 
and gas chromatography and expressed as mg/L of wastewater. 

Subjects 

We investigated a group of 74 sewage workers, representing 95% of all workers 
employed in the municipal system of Zagreb. The mean ages of the 26 closed channel 
and 31 drainage workers were similar: 33 and 36 years, respectively, with a mean 
duration of exposure of 11 and 12 years. The third group of 17 “other” workers was 
older (mean age 46 years) with a longer duration of employment (mean exposure 24 
years). There were 40 (54%) sewage system workers who were regular smokers, 
smoking on the average 20 cigarettes daily. To accommodate the difference in ages 
and work exposures of the worker population, separate control groups were used: 35 
bottling plant nonexposed workers for closed channel and drainage workers on the 
one hand, and 15 fruit juice workers for “other” sewage workers on the other hand. 
These controls were of similar age and smoking habits, classified as nonsmokers and 
smokers (current and former). The prevalences of respiratory symptoms were eval- 
uated in these control groups. The demographic data of the workers and control 
groups are shown in Table I. 

Respiratory Symptoms 

Chronic respiratory symptoms were recorded in the 74 sewage workers and in 
the 50 control workers using the British Medical Research Council questionnaire on 
respiratory symptoms [ 19601 with additional questions on occupational asthma 
[WHO, 19861. For all workers, a detailed occupational history as well as information 
about their smoking history was recorded. The following definitions were used: 



754 Zuskin et al. 

TABLE I. Demographic Characteristics of Sewage Workers and Control Groups 
Studied-Zagreb, 1990 

Mean Mean Smoking 
age exposure habit 

Group N (yrs) (Yrs) (pacWye4 

Closed channels 

Drainage 

Control 

Smokers 13 32 f 9a 12 f 8 13 f 8 
Nonsmokers 13 33 f 13 10 * 11 

Smokers 18 35 f 12 14 f 10 17 * 12 
Nonsmokers 13 37 f 10 10 * 8 

Smokers 18 34 f 11 11 f 9 14 f 9 
Nonsmokers 17 38 f 10 15 f 11 

Smokers 9 43 -t 11 20 f 11 24 Ifr 16 
Nonsmokers 8 49 * 5 27 f 5 Other sewage workers 

Controlb Smokers 9 43 Ifr 10 21 f 9 25 2 12 
Nonsmokers 6 46 f11 24 * 10 

"The data are presented as mean f SD. 
bNo difference was found between exposed and control workers. 

chronic cough or phlegm: cough and/or phlegm production for at least 3 months 
per year; 

chronic bronchitis: cough and phlegm for a minimum of 3 months a year and for 
not less than 2 successive years; 

dyspnea grades: grade 3-shortness of breath when walking with other people 
at an ordinary pace on level ground; grade 4-shortness of breath when 
walking at their own pace on level ground; 

occupational asthma: recurring attacks of dyspnea, chest tightness, and pulmo- 
nary function impairment of the obstructive type diagnosed by physical ex- 
amination and spirometric measurements during exposure to dust at or fol- 
lowing work. 

In sewage workers, acute symptoms during the work shift such as cough, 
dyspnea, chest tightness, irritation or dryness of the throat, secretions, dryness or 
bleeding of the nose, dizziness, headache, and skin irritation were specifically re- 
corded. Acute symptoms were not ascertained among controls. 

Ventilatory Capacity 

Ventilatory capacity was measured in 74 sewage workers by recording maxi- 
mum expiratory flow-volume (MEFV) curves using a portable flow-volume spirom- 
eter (Autospiror Hi-498, Chest Co., Tokyo, Japan). The spirometer was calibrated 
daily. Measurements were corrected to BTPS. Measurements were performed on the 
first working day of the week (Monday) at the beginning of the morning work shift. 
The forced vital capacity (FVC), forced expiratory volume in one second (FEV,), and 
maximum flow rates at 50% and the last 25% of the control vital capacity were 
measured on these curves. At least three MEFV curves were recorded and the best 
value was used in the analysis. The measured Monday preshift value of ventilatory 
capacity was compared with the expected normal values of Quanjer [ 19831. 



Respiratory Function in Sewage Workers 755 

RESULTS 
Respiratory Symptoms 

Data on the prevalence of chronic respiratory symptoms are presented in Table 
11. Symptoms in general were more prevalent among sewage workers. In particular, 
a high prevalence of chronic cough, chronic phlegm, chronic bronchitis, and chest 
tightness was found among the workers employed in the closed channel and drainage 
groups. The prevalence of symptoms in these two groups was significantly higher 
than those of controls (p < 0.01 or p < 0.05). The third group of “other” sewage 
workers had considerably lower prevalence of all symptoms than the previous two 
groups. The difference in symptom prevalences between “other” sewage workers 
and their respective controls was significant only for chest tightness (p < 0.05). 
Smoking and nonsmoking sewage workers had similar prevalences for all chronic 
respiratory symptoms; however, the cell sizes were small. 

Prevalences of acute symptoms during the work shift are presented in Table 111. 
Among closed channel sewage workers, the highest prevalences were recorded for 
eye irritation, headache, dizziness, dyspnea, and burning or dryness of the throat. 
Considerably fewer workers employed in drainage and ‘ ‘other” sewage workers 
complained of these acute symptoms compared to those in closed channels. There 
was a statistically significant difference between closed channel workers and the 
group of “other” sewage workers for dizziness and headache (p < 0.01). 

Ventilatory Capacity 

The data for ventilatory capacity in sewage workers analyzed by smoking status 
are presented in Table IV for FVC and FEV and in Table V for FEiF50 and FEF25. 
FVC in all workers was >80% of predicted and the mean values were not signifi- 
cantly different from predicted. Some study subjects demonstrated an FEV, less than 
80%, although the mean data were >go%. Significant differences from normal values 
were seen for smokers (but not for nonsmokers). Most of the values of FEFSO and 
FJ3F25 were significantly lower than predicted (Table V). This was particularly pro- 
nounced in closed channel workers whose values were regularly below 80% of 
predicted. Smokers had, in general, lower values than nonsmokers. However, for 
closed channel workers, values were also abnormal in nonsmokers. 

Comparison of the lung function of controls to that of workers is presented in 
Table VI. This table describes the proportion of workers with lung function less than 
80% of predicted. Significant differences were calculated by x2 or Fisher’s exact test. 

DISCUSSION 

This study is the first to concentrate on the noninfectious respiratory health 
hazards of sewage workers. Our data indicate that cleaning and maintenance work in 
sewage systems presents a risk for the development of acute and/or chronic respira- 
tory symptoms, as well as potentially serious effects on ventilatory capacity. This was 
particularly pronounced in workers employed in closed channels, whose jobs are very 
hazardous. Because of the small and limited spaces in the channels, these workers 
work in a confined position in very polluted areas. Although the job description of 
these sewage workers differed from those of sewage workers employed in sewage 
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TABLE IV. Ventilatory Capacity in Sewage Workers 

FVC FE", 
Difference Difference 
measured- measured- 

Measured % predicted Measured % predicted 
Group La predicted p L predicted p 

N = 26 4.89 4 0.6Sb 102.7 NS" 3.86 rt 0.63 96.7 NS 
Closed 
channels Smokers 

N = 13 4.87 4 0.57 102.1 NS 3.84 2 0.49 95.8 CO.04 

Nonsmokers 
N = 13 4.92 4 0.75 103.6 NS 3.88 2 0.77 97.7 NS 
N = 31 5.19 ? 0.69 105.1 NS 3.88 2 0.71 93.7 <O.Ol 

Smokers 
N = 18 5.14 % 0.80 105.1 NS 3.67 rt 0.78 89.1 <0.01 

Nonsmokers 
N = 13 5.25 t 0.53 105.0 NS 4.16 k 0.48 100.0 NS 
N = 17 4.53 C 0.82 97.8 NS 3.28 f 0.68 87.0 <0.001 

N = 9  4.77 t 0.81 102.7 NS 3.47 f 0.77 90.6 <0.05 

Nonsmokers 
N = 8  4.25 2 0.79 92.6 NS 3.06 2 0.53 82.7 <0.01 

Drainage 

Others Smokers 

aL, liters. 
bData are presented as mean * SD. 
"NS, difference statistically not significant (p > 0.05). 

treatment plants, data from treatment plants suggest that both groups of workers are, 
to some extent, exposed to similar noxious agents and develop similar symptoms. 

Sewage systems receive varying degrees of domestic and industrial waste, thus, 
health concerns may depend on the respective types and concentrations of materials 
handled. The most likely route of exposure to noxious agents among sewage workers 
is by inhalation of aerosols or by hand-to-mouth transmission. Concern for the health 
and safety of these workers has focused on infectious diseases and metabolic intox- 
ications, but, clearly, respiratory hazards must also be considered. 

Lundholm and Rylander [ 19801 described occupational symptoms such as nau- 
sea, headache, and diarrhea among compost workers. In their study, the number of 
airborne Gram-negative bacteria was high where household garbage was agitated. 
Similarly, respiratory impairment among workers in a garbage-handling plant was 
described by Sigsgaard et al. [1990]. A study of a sewage plant in Memphis, Ten- 
nessee suggests that workers experience acute health effects such as eye irritation, 
dizziness, skin irritation, and other symptoms following exposure to pesticides [Elia 
et al., 19831. Similarly, Clark et al. [1979] observed an increased level of gastrointes- 
tinal illness in newly hired sewage-exposed workers compared to experienced em- 
ployees and controls. Despite monitoring of stool and serum samples, these investi- 
gators failed to find consistent evidence for bacterial, viral, or parasitic infections 
among sewage treatment workers. Nevertheless, Clark et al. [ 19771 demonstrated 
significantly elevated levels of Coxsackie B3 and B5 viral antibody levels in sewage 
treatment workers as compared to controls. Higher incidences of colds and flu have 
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TABLE V. Ventilatory Capacity in Sewage Workers 

FEF50 FEF25 

Difference Difference 
measured- measured- 

Measured % predicted Measured % predicted 
Group Usa predicted p L/s predicted p 

N = 26 4.14 * 1.42b 79.8 <0.01 1.65 t 0.82 71.4 <0.01 
Closed 
channels Smokers 

N = 13 4.13 k 0.97 79.6 <0.01 1.60 t 0.75 69.2 4 . 0 1  

N = 13 4.40 t 1.81 80.0 4 . 0 1  1.69 f 0.93 73.5 <0.01 
N = 31 4.60 k 1.60 86.6 <0.01 1.81 k 0.83 75.4 <0.01 

Nonsmokers 

Drainage Smokers 
N = 18 4.17 f 1.69 79.1 <0.01 1.50 t 0.70 63.3 <0.001 
Nonsmokers 
N = 13 5.21 f 1.30 87.0 NS" 2.25 t 0.83 91.5 NS 
N = 17 4.09 t 1.67 83.1 <0.04 1.48 t 0.65 71.5 <0.001 

Others Smokers 
N = 9  3.93 t 1.28 78.8 <0.05 1.46 k 0.65 68.2 <0.001 
Nonsmokers 
N = 8  4.36 f 1.11 87.9 NS 1.50 t 0.70 75.0 NS 

"L/s, liters per second. 
bData are presented as mean t SD. 
'NS, difference statistically not significant (p > 0.05). 

TABLE VI. The Distribution of Workers With Ventilatory Capacity Tests Less Than 
80% of Predicted 

FE", FEF5O FEF25 
Group N # (%o) # (%) # (%) 

Smokers 
Closed 
channels Nonsmokers 

Drainage 

Other Smokers 
sewage 
workers Nonsmokers 

Controls 

Smokers 

Nonsmokers 

Smokers 

Nonsmokers 

13 0 

13 0 
18 22.4 

13 38.5b 

9 22.2 

8 50.0b 

27 7.4 

23 0 

15.4 

46.2" 
55.6" 

23.1 
33.3 

37.5 

11.1 

4.3 

53.8 

53.8b 
66.7" 

30.8 
77.8 

50.0a 

22.2 

4.3 

a,bDifference between sewage and control workers statistically significant: "p < 0.05; < 0.01, 

been reported by Ledbetter et al. [1973]. However, the authors considered that the 
hazards of respiratory disease from working at a wastewater treatment center were 
quite small. 

Most sewage-related disease outbreaks have been attributed to contact with raw 
sewage wastewater and raw sludges. The use of wastewater systems for the disposal 
of industrial wastes creates the potential for the exposure of sewage workers to 
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hazardous chemicals that may be present in these wastes [Elia et al., 19831. Recently, 
Chase and Shields [1990] described health hazards in waste site workers from expo- 
sure to polychlorinated biphenyls (PCBs). 

Airborne toxins from wastewater may also represent a health hazard to nearby 
community residents. Household wastes (including automotive oil, paint, solvents, 
and pesticides) are hazardous to health. The results of other investigators suggest that 
a major contributor to environmental contamination is household waste [Stanek et al., 
19871. 

The respiratory system is not the only organ at risk from sewage waste expo- 
sure. The occupational exposure of sewage workers to hexachlorocyclopentadiene 
resulted in proteinuria and elevation of serum lactic dehydrogenase in addition to 
symptoms such as eye irritation, headache, and throat irritation [Morse et al., 19791. 

Airborne irritant contact dermatitis among workers employed in a sewage treat- 
ment facility has been described by Nethercott [1981]. Contamination of the work- 
place and worker's clothing by sludge proved to be the cause of the problem. Health 
hazards of workers at waste incineration plants have recently been described by 
Gustavsson [ 19891 and Landrigan [ 19891, who noted an increased prevalence of 
ischemic heart disease and lung cancer among these workers. Lafleur and Vena 
[ 19911 described significantly higher mortality for cancer of the larynx among sewage 
plant workers than in the general population. 

This current study demonstrates for the first time in a systematic way the airway 
hazards of working with sewage. While the agent or agents responsible for the 
symptoms and physiologic changes have not been defined, these findings do warrant 
further studies and preventive measures. In order to prevent the development of acute 
and/or chronic respiratory and other symptoms, it is important for sewage workers to 
have suitable protective clothing, shoes, gloves, and masks; and in particular, the 
treatment process should be automated to the fullest extent possible. Sewage workers 
need to be educated on how to avoid infection and how to use protective measures in 
their daily work. In addition, a medical surveillance program should be carried out, 
including preemployment and periodic medical examinations in order to protect those 
workers with preexisting respiratory changes and/or sensitivity to noxious agents. 
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