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ABSTRACT 

Objectives: Work in sewage treatment plants 
may cause health problems in terms of airways 
symptoms, unusual tiredness, fever, and diar- 
rhoea. The presence of such symptoms has 
been related to bacterial endotoxin. The project 
was undertaken to assess if risk evaluations 
could be performed by measuring the amounts 
of two different microbial enzymes and to evalu- 
ate their relation to endotoxin. Methods: Meas-
urements were performed at 120 work sites in 10 
different sewage treatment plants of varying age 
and capacity. The content of N-acetylhexosami- 
nidase (NAHA), bacterial hydrolase (BH) and 
endotoxin was measured in sewage water and in 
airborne samples. Results: There was a close 
relationship between endotoxin and NAHA, both 
in the water itself and in air samples. Generally 
exposure levels were low but higher at work 
sites where the water or sludge was agitated or 
when repairing pumps and cleaning basins. 
Conclusions: Measurements of NAHA are suit-
able to determine risk exposures in sewage treat- 
ment plants. Such measurements are faster and 
cheaper than measures of endotoxin. A level of 
50 - 70 U/m3 is suggested as a risk threshold. 
Further work is required to define more precise 
threshold limit values.  
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1. INTRODUCTION 

Sewage treatment plants represent a growing industry 
in view of environmental and sanitary requirements in 
modern society. The sewage pipes on Crete 2500 years 
B.C. reflects a knowledge that has not been applied on a 
large scale in Western society till the 19th century. Sew- 
age water contains effluents from industry, households, 

and draining of surfaces such as roads and parks. During 
treatment the water is transported to different basins, 
aerated and treated with chemicals. Employees in the 
plants are exposed by contact or by inhaling aerosols of 
the sewage water and its different components such as 
sludge.  

Numerous reports have documented the presence of 
occupationally related medical effects among workers in 
sewage treatment plants [1-6]. There is an increased in- 
cidence of symptoms of respiratory and skin irritation, 
excessive fatigue, muscle and joint pains, flue-like symp- 
toms (toxic pneumonitis), and diarrhoea. Objective meas- 
ures report decreased pulmonary function and increased 
levels of C-reactive protein in blood and interleukin-8 in 
nasal lavage as indicators of an inflammatory process. 
Methods to estimate the exposure are thus important for 
preventive and worker education purposes.  

Sewage water contains a mixture of a large number of 
microorganisms, bacteria, fungi, and protozoa [7-9]. A 
major part of the microbial contamination stems from 
drainage water from surfaces, comprising a large variety 
of fungal species and bacteria. There is also a substantial 
portion of bacteria and viruses from the human intestinal 
tract. It is likely that a large part of the symptoms re- 
ported from employees in sewage plants are caused by 
this microbial exposure and in particular endotoxin from 
Gram-negative bacteria, in view of the inflammagenic 
potential of this agent [10]. Gastrointestinal viruses have 
also been suggested as a causative agent for the gastro- 
intestinal symptoms [11] and tiredness could be caused 
by exposure to hydrogen sulphur, a well know toxic 
agent present in sewage treatment plants.  

For a risk assessment in sewage treatment plants, meas- 
urements of the amount of airborne endotoxin have been 
done in several studies [5,12,13]. Reported exposure 
levels range from a few up to 270 ng/m3. Particularly 
high levels were present at work sites where the water 
was agitated, in enclosed spaces such as pump pits, or 
when servicing machinery using high pressure water 
hosing. Endotoxin has been analysed using the Limulus 
test which is highly specific for endotoxin and sensitive 
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in the order of picograms/mL. There is, however, an im- 
portant inter-laboratory variation, which is a main reason 
why no occupational exposure standard has been impli- 
cated [14]. The analysis technique is also laborious and 
quite expensive.  

In view of the large number of biologically active 
agents—bacteria, viruses, proozoa, and fungi—risk as-
sessments based on measurements of each of these agents 
is not feasible from a practical point of view. An alterna- 
tive would be to indentify an agent that is easy to meas- 
ure and which relates to the presence of other agents as 
an index of toxicity. The final evaluation of such meas- 
urements can be done by comparing the results with 
those for an agent with a known biological affect. As 
the aerosol from sewage water contains microorganisms 
and fungi, a possiblity to assess the exposure could be 
to determine components present in the cell wall of 
these, such as enzymes. Previous studies have shown 
that N-acetylhexosaminidase (NAHA) relates to fungal 
biomass, both in the growth and stationary phase [15]. 
Significant correlations between NAHA and total spore 
counts were found in air samples and in dust generated 
from biomass in a biofuel plant [16]. A close relation 
between airborne NAHA values and the presence of 
fungi in buildings has been reported [17]. These studies 
demonstrate that NAHA can be used as a marker for 
mould cell biomass exposure. The bacterial contamina-
tion has also been assessed using the bacterial enzyme 
hydrolase (BH) although no extensive environmental 
measures have been published.   

To explore the usefulness of enzyme measurements 
for risk assessment in sewage treatment plants, meas- 
urements were performed at different work sites. The 
exposure was determined by measuring the amount of 
airborne endotoxin, NAHA, and BH. In addition, calcu- 
lations were made of the relationships between the three 
parameters and the reproducibility of the methods.   

2. MATERIAL AND METHODS 

2.1. Sampling  

The investigation was performed in 10 ad hoc selected 
sewage treatment plants of various sizes and ages in 
Sweden over a period of 14 months.   

Samples of the water in the plants were taken from 
different basins. Air samples (~300 L/min) were taken at 
different work sites using a filter (Mixed Cellulose Esters, 
25 mm PCM Cassettes, 0.8 µm pore size, Zefon Interna- 
tional, Inc., Ocala, FL, USA) and a high capacity pump 
(10 - 20 L/min, Gardner Denver VTF 3, USA).  

The different work sites, where air sampling was per- 
formed, were classified according to the degree of agita- 
tion of the sewage water. The degree of agitation varied 
between the plants depending on the technical equipment 

etc and the same site, such as the inlet, could have dif- 
ferent agitation grades in different plants. The agitation 
was thus judged according to a subjective assessment by 
the same person at the particular site into three classes, 1 
= little agitation, 2 = moderate agitation, and 3 = strong 
agitation.  

2.2. Analysis 

To analyze enzymes in the water samples, 100 µL of 
water was added to one mL of substrate for the bacterial 
enzyme hydrolase (BH) (BactiQuant, Mycometer A/S, 
Copenhagen, Denmark), or to one mL of a fluorogenic 
enzyme substrate (4-methylumbelliferyl N-acetyl-beta- 
D-glucosaminide, Mycometer A/S, Copenhagen, Den- 
mark) to determine the enzyme N-acetylhexosaminidase 
(NAHA). After a reaction time that was determined by 
the room temperature, usually around 30 minutes, the 
liquid was placed in a cuvette together with 2 mL of an 
alkaline buffer (the developer). The fluorescence in the 
sample was read in a fluorometer (Turner Designs, 
Sunnyvale, CA, USA). The value read in the fluorometer 
was divided by 10 and rounded off to the nearest, whole 
number, to minimise random scatter due to methodo- 
logical variations, and expressed as units (U).  

To analyse the filters, the enzyme substrates were 
added directly to the filter in the sampling cassette and 
incubated for around 30 minutes, depending upon room 
temperature. Thereafter 2 mL of the developer was added 
to the filter and the liquid in the filter holder was sucked 
out through the filter and collected in a cuvette. The 
fluorescence of this fluid was read as described above.   

To analyse for endotoxin an automatic analyser based 
on the activity of the Limulus lysate was used (Endosafe 
PTS, Charles River. Charleston SC, USA). The water 
samples were diluted in endotoxin free water. For the air 
filters two mL of endotoxin free water was added to the 
filter, sucked out trough the filter and diluted in en- 
dotoxin free water. After appropriate dilutions, 4 × 25 µL 
of the samples were placed in a cartridge containing ref- 
erence endotoxin, and read in an automatic spectropho- 
tometer as endotoxin units (EU - 10 EU corresponds to 
about one nanogram endotoxin).   

2.3. Statistical Analysis 

Differences between groups were assessed using the 
Mann-Whitney test and relations between variables using 
the Spearman correlation. A p-value of 0.05 was consid- 
ered significant.  

3. RESULTS 

3.1. Sewage Water Samples 

Sewage water was analysed 10 times with BH and 
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NAHA in two separate tests. The results are shown in 
Table 1.   

The amount of BH was higher than that of NAHA. 
The variation between repeat measures was higher for 
BH than for NAHA. A smaller number of repetitive tests 
was done for endotoxin (n = 5, mean 7020 EU/mL, SEM 
= 145). This shows that the variation between repeated 
measures was relatively small also for endotoxin.   

Endotoxin, BH, and NAHA were analysed on two oc- 
casions in 7 - 10 different water samples. There was a 
significant relationship between NAHA and endotoxin 
(corr coeff = 0.694, p = 0.002) and between NAHA and 
BH (corr coeff = 0.579, p = 0.007). There was no rela-
tionship between BH and endotoxin.  

The relation between endotoxin and NAHA in 17 wa- 
ter samples is illustrated in Figure 1.   

There was a close relation between the amounts of 
NAHA and endotoxin.  

3.2. Air Samples 

Table 2 shows the results from repeated measure- 
ments of NAHA and BH at the same work site.  

The variation between repeated measures was consid- 
erably higher for BH.  

The results from the parallel sampling of endotoxin  
 
Table 1. NAHA and BH (U/mL) in two tests with 10 analyses 
of the same sewage water. Arithmetic mean and standard error 
of the mean (SEM).  

Enzyme NAHA BH 

Test 1   

Mean 749 2070 

SEM 8 94 

Test 2   

Mean 2085 8619 

SEM 1308 6040 

 
Table 2. NAHA and BH (U/m3) in two experiments with 10 
analyses of airborne sampling at the same work site. Arithmetic 
mean and standard error of the mean (SEM).  

Enzyme NAHA BH 

Sludge press   

Mean 222 954 

SEM 14 393 

Sludge loading   

Mean 149 173 

SEM 18 99 

and NAHA at different work sites are illustrated in Fig- 
ure 2.  

Similarly to the water samples, a strong relationship 
was found between the amounts of NAHA and endotoxin. 
Parallel measures of endotoxin and BQ were not per- 
formed.  

The results from measurements in relation to the de- 
gree of agitation are shown in Table 3.  

With increasing agitation the amounts of endotoxin, 
BH, and NAHA increased. There was a significant rela- 
tionship between the amounts of NAHA and the degree 
of agitation (corr coeff 0.800, p < 0.001), and between 
BH and degree of agitation (corr coeff 0.657, p < 0.001). 
The variations in values for BH were larger than for the 
other parameters, particularly at the highest degree of 
agitation.   

 

 

Figure 1. The relation between the amount of endotoxin and 
NAHA in different samples of sewage water (corr coeff = 
0.694, p = 0.002). 
 

 

Figure 2. The relation between NAHA and endotoxin in air-
borne samples at different work sites (corr coeff 0.844, p < 
0.001). 
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Table 3. Airborne endotoxin (EU/m3), BH and NAHA (U/m3) at work sites with different degrees of agitation. 
n = number of measurements, mean values and standard error of the mean. 

Agitation n Endotoxin n BH n NAHA 

low 4 10.3 (1.3) 14 12.2 (9.1) 19 3.4 (1.3) 

moderate 6 9.3 (2.7) 34 25.3 (8.8) 43 17.0 (2.9) 

high 16 48.7 (12.7) 20 1179 (657) 56 132 (27.3) 

 
4. COMMENTS 

4.1. Methods 

The results demonstrate that sewage water contains the 
enzymes hydrolase (BH), N-acetylhexosaminidase (NAHA), 
and endotoxin. This is expected in view of the sources of 
sewage water as discussed in the introduction.   

OPEN ACCESS 

There are some shortcomings in the study. The num- 
ber of measurements at different work sites was not 
equal because of practical reasons. For endotoxin, the 
number of samples sites was lower, mainly due to the 
high prize of the reagents for the analysis. In spite of 
these shortcomings, the results for the different groups 
were quite uniform and consistent.  

Regarding the two enzymes measured, BH showed a 
variability in results at the different measuring sites 
which was larger than for NAHA and endotoxin. This 
suggests that the enzyme is influenced by the sampling 
conditions. Desiccation when a large volume of air is 
drawn through a filter is known to affect the viability of 
bacteria and a similar process could be envisioned re- 
garding BH. Furthermore it has previously been shown 
that a decrease in BH activity takes place within days of 
storage of the filters. The NAHA values had a smaller 
variation and experience from an earlier study shows that 
the filters can be stored for a few weeks without loss of 
activity [17]. Against this, it was concluded that the BH 
method is not suitable for risk assessment determina- 
tions.  

4.2. Risk Assessment 

The experience from the study shows that exposure to 
high levels of NAHA and endotoxin is relatively un- 
common during normal operations in modern sewage 
water treatment plants. This is in agreement with the 
results from earlier studies in Sweden and the Nether- 
lands [11,18]. The amounts are usually higher at work 
sites where the water is agitated and when cleaning 
pumps or spraying in basins. In general it is thus suffi- 
cient to determine the presence of risk by judging the 
degree of agitation at a particular work site.  

There was a relation between endotoxin and NAHA, 
both for water and air samples. A higher amount of 
NAHA implies a higher exposure to endotoxin. Meas- 
urements of NAHA can thus be used to describe the risk 

of development of medical symptoms in connection with 
exposure to sewage water. Measurements of NAHA can 
also be used to evaluate the effects of different technical 
alterations, and to demonstrate for employees the work 
sites where a risk is present, thus motivating them to 
carry respiratory protection.  

It is not within the scope of the present study to sug- 
gest maximum exposure values. This would require a 
larger material and medical investigations. Some infor- 
mation can, however, be obtained by comparing the rela- 
tion between endotoxin and NAHA found in this invest- 
tigation with previous studies on endotoxin. A sugges- 
tion for a maximum value for endotoxin at 50 EU/m3 has 
been presented by The National Health Council in the 
Netherlands [19]. Using the dose-response relationship 
shown in Figure 2, a maximum value of 50 - 70 NAHA 
would avoid the risk of endotoxin exposures in excess of 
50 EU. Further work is needed to ascertain a more pre- 
cise maximum NAHA value.  

The duration of the exposure is another important pa- 
rameter for exposure limitation. Experience from inhala- 
tion experiments with pure endotoxin and information 
from employees at sewage treatment plants demonstrate 
that effects may appear after a relatively short exposure 
[20]. A maximum exposure duration of 15 minutes thus 
seems reasonable. 

5. CONCLUSION 

The level of the enzyme N-acetylhexosaminidase (NAHA) 
can be used as a measure of risk during work at sewage 
treatment plants. The analysis technique is easy, the re- 
sults reproducible and the cost considerably lower that an 
analysis of endotoxin. Additional investigations are re- 
quired but available data suggest that an exposure level 
exceeding 50 - 70 U/m3 and a duration exceeding 15 
minutes may implicate a risk of medical effects.  
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