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Abstract: A questionnaire study was performed in 99 workers at a large sewage
treatment plant to investigate self-reported health complaints from workplace exposure
to bioaerosols. The study population was divided into subgroups according to different
work stations: mechanical treatment (MT), biological treatment (BT), sewage sludge
treatment (SST) and operation control (OC). The questionnaire included personal data,
workpost and job characteristics, exposure to chemicals, history of employment and
exposure, workplace hygiene and protective measures, smoking and drinking habits.
There was also a series of 25 questions on subjective health complaints grouped into the
following clusters: ‘flu-like symptoms’, ‘respiratory symptoms’, ‘nose, eye, throat and
skin irritation’, ‘neurological symptoms’ and ‘gastrointestinal symptoms’. Each subject
was asked whether the complaints had occurred ‘frequently’, ‘rarely’, or ‘never’ within
the previous 12 months. Air concentrations of endotoxins and YB-D-glucans in the
worker's breathing zone were also determined. The measurements of concentrations
were made in the summertime during a morning shift. To determine endotoxins
concentration, the Chromogenic Limulus Amebocyte Lysate (LAL) Test was applied.
The questionnaire data and determination results were subject to a statistical analysis.
No statistically significant relationship was found between the reported health
complaints and such variables as job title, exposure to endotoxins and glucans, tobacco
smoking, age and period of employment as sewage worker. The findings revealed that
among the complaints, muscle and joint ache was reported most frequently, while
among the symptom clusters, the flu-like symptoms prevailed. These symptom clusters
occurred most frequently in OC workers, and were least often found in SST workers. In
the worker’s breathing zone, the geometric mean concentration of endotoxins amounted
to 20.3 ng/m and of glucans to 7.76 ngimand was not related to job title or job
characteristics. A high correlation was found between endotoxins and){¥D-
glucans concentrations (Pearson correlation coefficient 0.86, p<0.0005).
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INTRODUCTION high concentrations in non-ventilated facilities. Exposure
to substances of low volatility, particularly biological
Sewage workers are exposed at work to a variety afents, is related to high-volume generation of bioaerosols.
noxious chemicals. Acute poisoning may result fronfhe clinical symptoms resulting from exposure to
exposure to vapours and aerosols that may reach vemcroorganisms and their decay products are widely
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reported in literature [2, 4, 7, 8, 14, 16, 19, 21, 22, 24
The problem is how to assess the health effects T /
combined exposure to these agents, determine occupatic 7=
exposure levels and adopt a unified method for measuri ‘% s ,,,im
their concentration. o |
Respiratory symptoms are considered the major hea
effect of exposure to bioaerosols in a sewage treatme
plant. Endotoxin, which is a component of the extern:
cell wall of Gram-negative bacteria, has been postulats
to be the most applicable index of exposure to bioaerosc
A hygienic standard for endotoxin has also been propost
with the value ranging from 0.3-30 ngii6]. .
The rationale for the present study was an assumptibigure 1-Sewage treatment flow chart.
that the subjective symptoms reported by sewage workers
are the health consequences of exposure to occupatiosraloked daily. Among the examined workers, 23 persons
hazards, and their intensity is related to a particular typeere on sick leave during the study period. The total
of job and the concentration of noxious agents at a giveluration of disability for work was 1,036 days, most of
workpost. The questionnaire study was intended to helpe sickness absence being due to over 80 days’ long
assess the relationhips between the subjective symptowmark disability of 5 workers, which made up 60% of the
reported by sewage workers and other parameters, d@jal absence. However, this long-term disability for work
exposure to endotoxins and-68)-p-D-glucans at different was not associated with the job they performed. The
work stations of a sewage treatment plant. workers were provided with protective clothing, gloves
and footwear, and facial masks and protective eye-
glasses, as necessary. Table 1 gives basic parameters
characterizing subjects employed at different workplaces.
Population. The Combined Sewage Treatment Plant
(CSTP) under study is the largest of its kind in Poland. In The questionnaire. The questionnaire was developed
the mechanical treatment department, the throughpusing literature reports [4, 12, 17] and included personal
reaches the level of 450,000 °day, while in the data, workpostand job characteristics, data on exposure to
biological treatment department it may be as high ahemicals, history of employment and exposure, workplace
172,000 n¥day. The first stage of treatment of rawhygiene and protective measures, smoking and drinking
sewage is mechanical treatment, the next is biologichhbits. There was also a series of 25 questions on
treatment and the last stage is sewage sludge processiufpjective symptoms grouped into the following clusters:
The sewage treatment flow chart is shown in Figure 1. ‘flu-like symptoms’, ‘respiratory symptoms’, ‘nose, eye,
The study covered a population of 99 male workerthiroat and skin irritation’, neurological symptoms’ and
who were divided into subgroups according to workstationgjastrointestinal symptoms’ [4]. The questionnaire was
mechanical treatment (MT), biological treatment (BT)administered by the researcher conducting the study. Each
sewage sludge treatment (SST) and operation contmbject was asked whether a given symptom had occurred
(OC) workers. ‘frequently’, ‘rarely’ or ‘never’ within the previous 12
The age of the subjects ranged from 24—-68 years, meaonths. Additionally, the subject was to assess whether a
41 years, and the history of work from 8 months to 28iven complaint could be associated with his occupation,
years, mean 6 years, with 35% of workers working for @whether any improvement could be noticed during the
period of 4 years. About 40% of the subjects reportewbliday time, and whether the conditioned worse on the
tobacco smoking, with the mean number of 15 cigarettdisst day after holiday.

MECHANICAL TREATMENT

BIOLOGICAL TREATMENT

Screens ‘Secondary

settlement
tank

Sludge
thickening

Dewsatering
of sludge

SEWAGE SLUDGE TREATMENT

MATERIAL AND METHODS

Table 1.Characteristics of occupational groups.

Parameter Workstations

MT BT SST ocC
Number of employees 24 14 26 35
Mean age 37.8 (26-53) 41.4 (31-55) 38.5 (24-55) 42.4 (25-59)
Years of employment 7.2 (3.0-13.0) 5.1 (3.0-8.0) 4.6 (2.0-14.0) 5.9 (0.8-28)
Per cent smokers 58.3 29.0 34.6 28.5
Sick leave days* 405 (321) 216 (170) 242 (116) 165

Mean concentration of endotoxins (ngym 49.5 (0.3-205.0)

Mean concentration of glucans (ngjm 18.0 (0.0-133.0)

44.6 (1.07-134.3)
7.18 (0.0-28.1)

95.3 (1.21-233.0)
47.6 (0.0-163.0)

59.2 (0.1-198.4)
32.8 (0.1-144.0)

*Leave days related with occupational exposure in parentheses.
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Endotoxin and (1—3)-p-D-glucans determination. Table 2. Workers reporting different types of single symptoms.
(The determinations were performed by Dr. K. Bednarskclln -
and Prof. W. Kaca, PhD, at the Microbiology andn9'e symp

%

Virology Institute, Polish Academy of Sciences, 1.6dz,  Jointand muscle pain 43
Poland). The measurements were conducted in SUMMN@fonic fatigue 40
time and concerned workers at the morning shift. Air

samples from the workers breathing zone were collectdgaion of the nose 26
using individual Casella and SKC pumps. Before eachlergic rhinitis 25

measurement, the pumps were calibrated and the air flgyiation of the eye 24

was set at 2 I/min. The fitting with a filter was mounted t?r itation of the throat

a collar of the worker’s clothes and attached to the pump 22
with a flexible tube. A 25 mm dia. Whatman GF/A glasdlon-productive cough 17
fibre filter, was used. After sampling, the filter was placegyrosis 17
into sterilised casette containers and stored at +4°C. Hvoerhidrosis 15
For endotoxin determination, the Chromogenic Limulus”?
Amebocyte (LAL) Test was applied [5, 13]. The filtersProductive cough 9
were placed into endotoxin-free glass tubes to which 2 m{spnoea 9
sterile apyrogenic water was added and shaken for 30 m'nusea 9
at 37°C. Then the samples were extracted with ultrasound
for 30 min. The suspension was centrifuged at 9,000 rpriest tightness 9
for 8 min. For further analysis, the supernatant collecteskin symptoms 7
with apyrogenic pipette was used. Vertigo 7
Endotoxin concentration was determined using QCL-
1,000 quantitative LAL test (BioWhittaker) with chromo-!mpaired concentration 5
genic substrate (end-point method). The sensitivity of thgnheezing breath 4

method was 0.01 EU/ml. A standard curve was plotteéd
with the accuracy of + 0.02 EU/mI. The 200-fold or 400Table 3. Number of symptom clusters reported by workers from different
fold dilutions of supernatant were used for the determingorkstations.

tions. The latter were made according to the instructions .
for use supplied by the manufacturer with the LAL teslt%.ymptom clusters Workstations

Sterile disposable equipment: 5 ml pipettes, and 100 ml, MT BT SST OC Total
300 ml and 1,000 ml speedy pipette endings (Eppend@iéspiratory symptoms 024 2114 0/26 5/35  7/99
Biopur), was used.

StandarcE. coli EC-6 endotoxin, with the concentration
range of 0.1-1.0 EU/mI (12 EU = 1 ng/ml), and 50 ml tedtitation symptoms 124 114 226  6/35 10/99
samples were incubated from 50 ml of LAL reagent fofion-specific symptoms 424 114 126 5/35 11/99
10 min. at 37°C. Then, 100 ml of the chromogenic substra';E_
solution (25 mM) in apyrogenic water (BioWhittaker)
was added and the resulting solution incubated for 6 min.
at 37°C. The reaction was inhibited (terminated) witladded onto a filter, extracted from 2 ml apyrogenic water
20% solution of acetic acid (50 ml). and the resulting quantity determined following the

The absorbance of p-nitroaniline released from therocedure described earlier. The mean value of the
substrate was measured using Microplate Reader (Bidesorption coefficient was 72%.

Tec Instruments) at 1=405 nm. The reader was equippedThe concentration of (23)-B-D-glucans was determined
with a thermostat to keep the temp. at 37°C, and with avith the quantitative QLC-1000 Chromogenic Limulus
automatic shaker. The samples were determined @mebocyte (LAL) test (BioWhittaker) using B-G-blocker
apyrogenic 96-well plate transparent microplates (Nunc)BioWhittaker). Before testing, the samples were diluted
A standard curve was plotted for linear correlatiomnd incubated with the B-G blocker. The timing and
between the absorbance of p-nitroaniline released in thenditions of the determinations were always the same.
reaction and the quantity of standard endotoxin. ThHehe quantity of (1»3)-p-D-glucans was calculated by
content of endotoxin in the test samples was calculatedbtracting the determination results for the samples
with the formula for the direct line resulting from thewithout the blocker from those with the blocker.

linear regression model. A series of 2-3 tests was

performed for each test sample, as well as the referenceStatistical analysis.A statisitical analysis of questionnaire
and blind sample (apyrogenic water). data and determination results for endotoxin and glucans

To determine the quantity of endotoxins in the samplevas made to compare the prevalence of particular health
the percentage of their recovery from the filter was alssomplaints reported by workers from different workstations,
calculated. A given volume of standard endotoxin wa® classify the symptoms into clusters, assess exposure to

Gastrointestinal symptoms 3/24 0/14 0/26  4/35 7199

like symptoms 8/24  3/14 0/26  7/35 18/99
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o o7eer geometric mean of all the determinations performed in the

180{ concentration of endotoxins - 57587 . plant was 20.3 ng/fnthe geometric mean for workstation

160 ;1%227005 Ll measurements was similar and approximated 20 g/m
e For (1—3)-B-D-glucans, the geometric mean of all the

140 . .
determinations was 7.76 ngim

A high correlation between the concentrations of
endotoxin and (&3)-B-D-glucans was found, Pearson
correlation coefficient 0.86, p<0.0005. The linear
relationship between air concentrations of endotoxin and
glucans in the samples collected in the plant is displayed

120+
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in Fig. 2.
20 Among the workers with the highest exposure level, 8
0 : ro——e —,.— s worked at SST department. On the day of the study, 7 of
0 10 20 30 40 50 60 70 80 90 100110120130140150160170  thage workers were emptying containers with fermented
Concentration of endotoxins . . . .
sludge. The mean endotoxin concentration in this group

Fjgure 2. Relationship_ between endotoxin and glucan concentrations i35 found to be 157 ngfm

air samples collected in sewage plant. With regard to the questionnaire study, the conducting
endotoxins and glucans at different workposts; assess tiesearcher enquired of a worker whether he had
risk for developing health symptoms in relation teexperienced a given health complaint frequently, rarely or
endotoxin and glucan concentration, determine theever within the preceding 12 months. No significant
relationship between endotoxin and glucan concentratiodéferences were found between the frequency distributions
in the test samples. To compare the prevalence of symptoms reported by workers from particular
symptom clusters reported by workers, Fisher exact tegorkstations. The exception was the ‘joint and muscle
[1] was used. Logistic regression analysis [9] was used pain’, for which the distributions differed significantly
assess the risk of a given symptom cluster in relation (p=0.016). Table 2 indicates the 2 most prevalent
particular workstations. The same method was used ggmptoms reported by the plant workers: ‘joint and
calculate the odds ratio for a symptom cluster in relatiomuscle pain’ and ‘chronic fatigue’. Twelve workers
to the level of exposure to endotoxin and glucans. Lineegported 2 or more symptoms. A single worker reported
regression [11] was used to investigate the relationshiis many as 9 symptoms.

between the concentrations of endotoxin ane3kp-D- In view of the large number of single symptoms and
glucans in the same test sample. For all the statistidhkir low specificity in relation to workstation exposure,
tests, the level of significance a=0.05 was adopted. The the symptoms reported by the workers were classified into
calculations were made with the use of SPSS amymptom clusters according to a target organ or a specific

STATISTICA software packages. disease they manifested [3]. However, the outcomes of
such classification were unacceptable from the medical
RESULTS point of view. The application of confirmatory factor

analysis to the draft clusters also proved that this
Almost half of the subjects (at all workstations) werelassification could not be accepted.

exposed to chlorinated lime used for disinfection of Therefore, expert advice by an experienced physician
scrapes and sewage sludge. Twenty-eight persons wei@s requested and his decision regarding the classification
exposed to polyelectrolyte used in the processing wfas considered decisive. The expert classified the
sewage sludge to enhance sludge precipitation. Thgmptoms into 5 clusters: respiratory symptoms (allergic
worker's exposure to these chemicals, smoking habit, ag#nitis, non-productive cough, productive cough, dyspnoea,
and duration of work in the plant was significantly relatesvheezing breath), gastrointestinal symptoms (lack of
to the reported health complaints. For endotoxin, theppetite, pyrosis, nausea, vomiting, diarrhoea); irritant

Table 4.0dds ratio (OR) of developing symptoms by workers at different workstations, in relation to endotoxi»&nf-{ glucan concentration.

Symptom clusters Workstation
BT MT SST ocC
OrR OR 95% Ct OR 95% ClI OR 95% ClI

Respiratory symptoms 1,000 0,356 0,091-1,402 0,211 0,049-0,909 0,445 0,121-1,631
Gastrointestinal symptoms 1,000 3,916 0,413-37,15 1,696 0,154-18,63 4,997 0,564-44,33
Irritation symptoms 1,000 1,811 0,463-7,082 -0,516 0,140-2,549 1,204 0,321-4,514
Non-specific symptoms 1,000 2,845 0,690-11,73 0,836 0,194-3,603 1,633 0,430-6,209
Flu-like symptoms 1,000 1,794 0,470-6,855 0,650 0,163-2,591 1,257 0,349-4,526

30R odds ratio, values for BT are the reference values for other workst&@#8¥%sCl = 95% confidence interval limits.
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symptoms (irritation of the eye, nose, throat and skin, skin Statistical analysis revealed that the differences
rash); flu-like symptoms (fever, shivering, hyperhidrosishetween the distributions of the reported symptoms,
joint and muscle pain) and other non-specific symptonmexcept for ‘joint and muscle pain’, were not statistically
(fatigue, chest tightness, persistent headache, vertigignificant. The prevalence of symptom clusters, as
impaired concentration). classified by an expert physician, was found to be
For the analysis of questionnaire data, the authors maddependent of a workstation. For comparison, we used
an assumption that a given worker experienced the BT group as control because this population had the
symptom cluster if at least one single symptom from thiswest exposure to the endotoxins. It is reasonable to
cluster was reported to occur ‘frequently’. Table 3 relatgresume that exposure to airborne agents in the sewage
the symptom clusters to particular workstations. Thplant does not induce an increased number of single
highest number of clusters referred to the operatidymptoms or symptom clusters as related to endotoxin
control department, followed by mechanical treatmengnd/or glucan exposure.
biological treatment and sewage sludge treatment depts. The results of the statistical analysis did not confirm
The test results revealed that the ‘flu-like symptomghe hypotheses put forward prior to the study. Namely, no
were significantly more prevalent in workers at biologicatelationship was found between the prevalence of the
treatment, mechanical treatment and operation contm@ported symptoms and the concentration of the
depts. than at sewage sludge treatment department.  determined exposure indicators. For example, the group
No elevated risk of any symptom cluster was found af SST workers, in whom the symptoms were less
any of the workstations (Tab. 4). No relationship waBequent, despite the fact that their duties involved
found between the risk of a given cluster and exposummloading fermented sludge from containers, a job
level. associated with high exposure levels. Likewise, no
The relationship between exposure to endotoxinsignificant differences were found in workers’ exposure at
(1—3)-p-D-glucans and a given workstation wadifferent workstations, although the jobs varied
examined using one-way analysis of variance witkignificantly. No relation was found either when the
multiple comparison test, following the logarithmicprevalence of the reported health symptoms was analysed
transformation of data [23]. The mean concentrations bl age, exposure duration or smoking habit. A number of
both agents at different workstations were found to beasons may account for these findings, including the size

similar; no statistical differences were found. of the population sample as well as the structure and
content of the questionnaire. As for the latter, it is
DISCUSSION expected that a revised version would yield more definite

responses from the subjects to the questionnaire items.

The aim of the present project was to evaluate the The method applied to determine endotoxin
impact of environmental conditions on the health ofoncentration in air samples collected on a filter is a
sewage plant workers. However, the authors realised thaghly sensitive one. However, the presence of other
the evaluation based only on workers’ self-reported healglubstances in the test sample, as well as inadequate
complaints may be biased. The structure of thsurveillance of laboratory conditions for the
guestionnaire and the way the questions were formulatddterminations, may have led to some over- or
may be the reason for this bias. Moreover, the recollectiamderstating of results [10, 15]. An analysis of endotoxin
bias is also plausible, especially with regard to thand glucan concentrations in air samples collected at the
frequency of the reported symptoms. There is also taeathing zone of workers performing outdoor jobs
tendency among workers to conceal the data that refleevealed that they varied considerably, depending on the
their capacity for work and thus may be highljtime and site of exposure. A significant difference was
informative to the employers, which is particularlyfound between the arithmetic (65 ndjnand geometric
important under conditions of the high rate 0f20 ng/ni) means. Therefore, exposure assessment may
unemployment in Poland. To minimise the possibility obe biased and 95% CI limits will have a wide range.
making an error, the questionnaire was based on modelGlucans, which intensify endotoxin activity and are an
guestionnaires [4, 12, 17] previously applied to studies andicator of exposure to fungi, were also found to occur at
exposure to organic dust, and the questionnaire wsignificantly high concentration levels [18, 20]. The
completed entirely by the conducting researcher. geometric mean amounted to 7.76 ny/rThe ratio

The questionnaire study was supplemented withetween endotoxin and glucan concentration was high
determinations of air concentrations of the substancésorrelation coefficient 0.86), which makes it possible to
considered to be indices of exposure to bioaerosolsredict glucan concentration in the sample from
endotoxins and &3)-p-D-glucans. This procedure endotoxin level. However, the hygienic assessment of
followed an earlier assumption that the subjectivhese values is difficult as there are no theoretical grounds
symptoms reported by the workers may be the result fdfr such an interpretation.
exposure to occupational hazards, and that their intensityin Poland, no occupational exposure limit for endotoxin
is related to the job performed at a given workstation arid workplace atmosphere has been established as yet. If
to the concentration of hazardous agent(s). we were to apply the hygienic standard for endotoxin
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