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Work related symptoms among sewage workers
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ABSTRACT Employees at six sewage treatment plants and three drinking water plants were inter-
viewed for the presence of specific medical symptoms. Serum immunoglobulin concentrations,
white blood cell counts and fibrinogen degradation product concentrations (FDP) in urine were
determined as were the number and species of airborne Gram negative rods in order to character-
ise exposure to aerosols of sewage water. The highest number of bacteria was found in areas
where the sewage water was agitated. A significantly higher proportion of employees at sewage
treatment plants reported skin disorders, diarrhoea, and other gastrointestinal symptoms than the
control group. No significant differences were found between the groups for white blood cell
count or serum immunoglobulin concentrations, except that IgM concentrations were slightly
higher in the sewage workers. Some workers had serum transaminase concentrations in excess of
normal; some of these returned to normal after the summer holiday. Among non-smokers a
higher proportion of sewage treatment workers had increased amounts of FDP in urine. It is
conceivable that the symptoms observed were caused by toxins from Gram negative bacteria.

The occupational health risks of sewage workers
have been investigated by several authors, ard
reviews have been presented by Anders! and Clark.?
The emphasis in most investigations has been on the
risk of contracting various' types of infectious dis-
eases.

A previous study on sewage workers reported that
when sewage sludge was heat-dried, employees
experienced attacks of fever, chills, and eye
inflammation after exposure to high concentrations
of the dust.> The concentrations of serum immuno-
globulins and fibrogen degradation products (FDP)
in urine were increased in exposed workers. The
symptoms were interpreted as being caused by the
endotoxin in the dust, originating from Gram nega-
tive bacteria in the sewage sludge.

This present paper reports a study undertaken to
determine whether specific symptoms were also pre-
sent among sewage workers in plants where sludge
was treated by conventional methods. Workers in
drinking water plants served as a reference popula-
tion. The presence of medical symptoms was studied
in interviews and serum immunoglobulin concentra-
tions, white blood cell counts, and FDP concentra-
tions in the urine were measured. The exposure to
sewage water aerosols was characterised by measur-
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ing the number of airborne Gram negative rods. A
preliminary report of this work has been presented
elsewhere.*

Materials and methods

PLANTS INVESTIGATED

The investigation was performed at six different
sewage water treatment plants in Sweden (three
indoors and three outdoors) and three drinking
water plants.

All sewage treatment plants were equipped for
high degree (biological) treatment of the sewage
water, and usually also for chemical treatment.
None received industrial water containing particu-
larly toxic substances. '

BACTERIA SAMPLING

The number of airborne Gram negative rods was
determined with a six stage Andersen sampler,’
using Drigalski agar (see appendix) as a selective
medium. After incubation at 30° for 40-65 hours,
the number of colonies was counted and corrected
as recommended by Andersen® and May.® The
results were reported as the mean nuwiber of colony
forming units (cfu) per cubic meter of air. Several
samples were taken at breathing level at the differ-
ent working sites and the measurements were repe-
ated on two or more occasions on different days.
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Colonies on plates from different parts of the
sewage plants were selected for species determina-
tion. Three to six isolates of colonies with different
morphology, which appeared in more than about
5% of the total count of bacteria on the investigated
plates, were subcultured. Species determinations
were done with conventional bacteriological techni-
ques, including the API microtube 20E profile sys-
tem (Analytab Products, Plainview, NY). Non-
fermentative strains were further analysed according
to Cowan and Steel’ and Gilardi.® Specific determi-
nations of airborne fungi were not made. The size of
the particles carrying viable bacteria was estimated
by the distribution of bacterial colonies on the dif-
ferent stages of the Andersen sampler.

MEDICAL EFFECTS

All employees working in the plants at the time of
the investigation and who had been employed for at
least eight months were interviewed. Of the 250
workers identified using these criteria, only two
refused to participate. Eight could not be contacted
due to long time absence from work.

Forty one employees at the drinking water plants
and 199 at the sewage treatment plants were inves-
tigated. Most of those investigated were men. There
were no statistically significant differences between
workers in sewage and drinking water plants con-
cerning mean age (41 v 47) or the proportion of
current smokers (44 v 56%). The mean employment
time was shorter in sewage plants than in drinking
water plants (7 v 13 years, NS).

The questionnaire contained questions on smok-
ing habits, work related symptoms such as eye
inflammation, attacks of fever, gastrointestinal
symptoms, skin disorders, and pulmonary symp-
toms. All interviews were performed either by us or
occasionally by the occupational health physician at
the plant.

Blood was taken to determine the number of
white blood cells and their distribution, the number
of platelets, and the amount of serum immunoglobu-
lins. Urine was taken to determine the concentration
of fibrinogenic degradation products as an indicator
of inflammation.

A separate investigation was later undertaken to
measure serum transaminase (ASAT and ALAT)
concentrations. This study was made in two plants,
one of which was included for the main study. For
practical reasons it was not feasible to do these
determinations in all plants. Transaminase determi-
nations were made on serum taken before and after
a working operation that exposed the employees to
particularly high concentrations of sewage aerosols
and before and after the summer vacation.

Differences between various groups were tested
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for statistical significance using the Student’s ¢ test
(two tailed) or the Wilcoxon matched pair test.

Results

BACTERIAL EXPOSURE
The results from the determinations of airborne
Gram negative rods in sewage treatment plants
showed that the number of cfu/m? varied from 10 to
more than 10%m3. High numbers were found at
areas where the water was agitated or where sprinkl-
ing water systems were used (> 10%/m?). In drinking
water plants the number was about 10 cfu/m? of air.
Regarding different species of Gram negative bac-
teria, Klebsiella pneumoniae was found in all plants
(5-20% of the total number of Gram negative rods).
The proportion of Escherichia coli varied from a few
per cent to 20%; in several measurements no E coli
could be found. Enterobacter agglomerans and
Aeromonas hydrophila were often present in high
numbers, as was Acinetobacter calcoaceticus.
Pseudomonas strains (syringae, maltophilia, fluores-
cens, putida, and diminuta) constituted up to 10%
of the Gram negative rods. Agrobacterium,
Flavobacterium, and Serratia spp as well as Citrobac-
ter freundii were found in low numbers in some
plants. Most of the bacteria carrying particles were
of sizes equal to or larger than 5 um (62%); 40% of
the particles were 8:2 um or larger.

EXAMINATION OF EMPLOYEES
Table 1 shows the answers to questions concerning
different work related symptoms. Among the em-
ployees at the drinking water plants, work related
symptoms were reported by a small proportion of
the employed. “Tiredness” due to work was
reported by a higher proportion of smokers than
non-smokers, but the difference was not statistically
significant.

At the sewage treatment plants, the proportion of

Table 1 Subjective work related symptoms among
employees in drinking water plants and sewage treatment
plants

Drinkin, Sewage
water plants treatment plants
Non- Smoker  Non- Smoker
smoker smoker
Employees
interviewed 17 24 107 92
Symptoms
(% of workers)
Eye inflammation 0 4 6 7
Skin disorders 0 4 7 10
Fever 0 0 3 1
Diarrhoea, nausea 6 0 34 29
Tired after work 6 25 27 30
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Table 2 Work related gastrointestinal symptoms and
airborne content of Gram negative rods (cfu/l). Employees
were divided according to their main working sites. Workers
with low exposure may occasionally also work in highly

exposed areas
Exposure High Low
cfw1 20-50 0-2-3-5
No (%) of workers with

gastrointestinal symptoms 67(37) 53(21)

workers who reported symptoms was approximately
equal among smokers and non-smokers. Among
non-smokers, a significantly higher proportion
reported skin disorders (p <0-01), diarrhoea, and
other gastrointestinal symptoms (p <0-001) than in
drinking water plants.

Table 2 shows the percentage of workers report-
ing gastrointestinal symptoms in relation to the
number of airborne Gram negative rods at high and
low exposed working sites. Aerated basins with
sprinkler systems, incoming water tunnels, and
sludge treatment areas were considered as areas of
high exposure. The bacterial counts at these sites
were from 20 to more than 50 cfu/1 air. Sites of low
exposure were sedimentation basins and other parts
of the plant, where the water was not agitated (0-2-
3.5 cfu/1). In two plants it was not possible to dif-
ferentiate between workers with high and low
exposure.

Employees mainly working in highly exposed sites
reporttd symptoms to a greater extent (37%) than
those working in sites with low exposure (21%,
p<0-05).

The occurrence of gastrointestinal symptoms was
often reported to be related to a particular job, such
as cleaning basins and servicing pumps. The symp-
toms began a few hours after the work had started
and disappeared by the following morning. Usually
these symptoms were reported to occur infrequently
but particularly after the return from the annual
holiday. Among certain employees, however, they
were present several times a month or even more
often.

CLINICAL TESTS
No differences were found in the number of white
blood cells or their distribution, or the number of
platelets between the employees at the sewage
treatment plants and those at the drinking water
plants. Nevertheless, the number of white blood
cells in smokers was significantly higher, both in the
workers in the sewage treatment plants,and in the
drinking water plants (table 3). Smokers in the sew-
age treatment plants had a significantly lower
number of white blood cells than smokers in the
drinking water plants (p<0-005).

Concerning the serum immunoglobulin concen-
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Table 3 Mean white blood cell count in smoking and
non-smoking workers at sewage treatment and drinking
water plants. Standard deviation in parentheses.

Exposure White
blood cells (10°1)

Sewage plant:
Non-smokers (n = 95) 55
Smokers (n = 86) 7-2

Drinking water:

Non-smokers (n = 17) 56
Smokers (n = 24) 89

= p < 0-005.
** ='p < 0-001.

trations, no differences could be found between
smokers and non-smokers in the two types of plants.
The concentrations of IgG and IgM were higher in
the employees at the sewage treatment plants, but
the differences were statistically significant only for
IgM (1-3 v 1.7 g/, p<0-005).

Table 4 illustrates the proportion of employees
with urinary FDP levels in excess of 10 mg/l. Among
the employees at drinking water plants, a higher
proportion of smokers had increased FDP levels,
though the difference was not statistically
significant. When non-smokers in the two groups
were compared, a significantly higher proportion of
employees at sewage treatment plants was found to
have increased amounts of FDP in urine (p<<0-001).

The mean serum transaminase values of workers
in the sewage plants before and after highly exposed
work, and before and after the annual vacation were
about the same. Of 16 individuals tested, six had
ASAT values in excess of the normal upper limit of
0-70 ukat/l when investigated before the vacation.
In five of these the values after vacation were lower,
in four below 0-70 ukat/l.

Discussion

A comparison of three different methods used for
the determination of airborne bacteria® shows that
the Andersen sampler used in this study yields the
highest number of cfu when airborne Gram negative
rods are determined.

Table 4 Percentage of employees with urinary fibrinogen
degradation product concentrations in excess of 10 mg/l

Drinkin, Sewage
water plants treatment plants
Non- Smoker  Non- Smoker
smoker smoker
No of employees
investigated 18 23 89 79
Increased FDP % 6 22 33+ 24

*p< 05001 (in relation to non-smoking workers at drinking water
plants.
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Owing to the aggregation of several bacteria into
single airborne particles, the cfu value obtained with
the impinger technique on to agar underestimates
the true number of airborne viable cells. In the sew-
age plant environment the true number has been
shown to be about 25 times higher than the number
of cfu recorded with the Andersen sampler.® This
must be kept in mind when dose levels for specific
compounds, such as toxins found in bacteria, are
evaluated.

The highest number of viable Gram negative rods
was found close to working processes where the
sewage water was agitated. The specific sites at
which a high number of bacteria were found differed
among the plants. In certain plants a high number of
bacteria was found near aerated basins or in inlet
tunnels, in others the number of bacteria at these
sites was low.

The major source of the bacteria found in sewage
water is the natural environment. Klebsiella,
Enterobacter, Aeromonas, and non-fermentative
Gram negative rods dominated the aerobic flora.
These strains are commonly found in samples of
water, soil, and vegetation'® !! and also in faecal flora
of wild birds.!? Bacteria from human faeces, such as
E coli, were generally present in low numbers. This
is in accordance with the findings of other authors.*

The presence of subjective symptoms in the
groups of employees was assessed with the aid of
interviews and since the participation rate was high,
no bias occurred due to the drop out group.

A significantly higher proportion of sewage work-
ers reported work related gastrointestinal symp-
toms, such as diarrhoea. The extent of symptoms
was related to a crude exposure differentiation using
high and low exposure sites. Similar symptoms have
been reported from other work environments, such
as composting plants, where high numbers of air-
borne Gram negative bacteria were present.'* The
symptoms reported were acute with respect to the
exposure, with an incubation period of one or more
hours, and disappeared rapidly. It is not likely,
therefore, that they are caused by an infection espe-
cially as white blood cell counts were normal.

A tendency to a higher frequency of eye
inflammation and tiredness after work was also
found; similar symptoms have also been reported in
studies of sewage treatment workers in Denmark's
and in Canada.'®

Why the symptoms developed in the sewage
workers is not clear. The air in the sewage treatment
plants is contaminated with aerosols from the sew-
age water containing bacteria, viruses, fungi, worm
eggs, and chemical compounds and thus it is difficult

to determine which might have caused the symp-:

toms.
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There are no reasons to believe that chemical
compounds in the sewage water are the cause of the
symptoms reported in this investigation as similar
symptoms were found in a plant composting house-
hold garbage where no chemicals were present.'* It
is well known that some strains of Gram positive
bacteria produce toxins that cause gastrointestinal
symptoms. The number of such bacteria however,
was relatively low, and the inhaled dose is unlikely
to be large enough to cause symptoms.

Gastrointestinal symptoms such as those seen
among the workers in the sewage plants have been
reported in connection with exposure to Gram nega-
tive bacteria. Waslien et al showed that people who
ingested washed and lyophilised cells of Aerobacter
aerogenes developed gastrointestinal symptoms and
diarrhoea a few hours later.'” Similar symptoms
have been reported in connection with exposure to
enterotoxins, which are produced by a number of
Gram negative rods such as Klebsiella, Citrobacter,
Enterobacter, Aeromonas, Proteus, and
Pseudomonas.'®*® Strains from species such as E
agglomerans, K pneumoniae, and P fluorescens, P
maltophilia, and P putida isolated from food samples
were also shown to give a positive rabbit ileal loop
test.!? This indicates that they can cause diarrhoea in
man. Enterotoxin producing E coli and Klebsiella
have also been suspected of producing epidemic
diarrhoea.?®

Annapurna and Sanyal found that live cells at a
concentration of 10°~10* cells/ml and cell free cul-
ture supernatants of 50 strains of A hydrophila iso-
lated from man, drinking water, domestic animals,
and sewage, caused accumulation of fluid in rabbit
ileal loop tests.?! This reaction does not require col-
onisation of the human intestine.

In view of these observations, it seems likely that
the aetiological agents for the symptoms are
enterotoxins from the Gram negative bacteria pres-
ent in high numbers in the sewage environment. The
content of enterotoxin in the sewage water remains
to be determined.

Gram negative bacteria also carry endotoxin in
their outer cell envelope. Endotoxin that reaches the
intestine is partly resorbed by the intestinal wall and
transported to the liver, where it is detoxified.?? The
increased burden of endotoxin could explain the
increases in serum transaminases found in certain
workers in this and other studies.?»** As endotoxins
act as mitogens, this exposure could also explain the
increase in IgM concentrations found in the sewage
plant workers. Increased exposure to bacterial
toxins may also have caused the increases in urinary
FDP values found in the sewage workers.

- -.'There are no reasons to believe, however, that

endotoxins are responsible for gastrointestinal
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symptoms in the sewage workers. Endotoxin has
been tested in ligated pig intestine, but was shown to
have no effect similar to that of enterotoxins.?

Apart from work related symptoms, differences
were also found between non-smokers and smokers.
An increased number of white cells in smokers has
been reported by several authors but the increase in
FDP concentrations has not. The reasons for this
increase are not known, but a plausible mechanism
is that the subchronic irritation of the lung
epithelium, with effects on pulmonary macrophages
and polymorphonuclear leukocytes results in faster
cell turnover and excess cell death.

In conclusion, the data from this study suggest
that workers in sewage treatment plants have
specific, work related symptoms that are due to
acute effects of toxins from Gram negative bacteria
in the environment. To avoid the occurrence of
symptoms among exposed workers, determinations
of airborne Gram negative bacteria should be made
in sewage treatment plants and technical measures
undertaken to reduce the number at sites where it is
high.

This work was supported by grant 76/9 from the
Swedish Work Environment Fund.

Appendix

DRIGALSKI AGAR
10 1 solution:
100 g Meat extract Lab-Lemco oxoid L 29
100 g Peptone oxoid L 34
50 g NaCl1
140 g Portuguese agar or commercial agar
10 g Natriumthiosulphate Na_S O, - 5 H,O
400 ml Bromthymol blue 0-2%
50 ml Crystal violet solution 0-1%
100 g Lactose
Dilute in dest water to 10 litres
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