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SYNOPSIS

The author examined the sewage from 5 towns with tuberculosis
sanatoria and from one institution for the care of the feeble-minded,
which had a tuberculosis ward, for the presence of tubercle bacilli.
The 6 effluents were treated in biological-purification plants and
average samples taken. These were centrifuged, and the sediment
treated for 1 hour at 370C with 4% NaOH before inoculation into
guinea-pigs. Tubercle bacilli were demonstrated in the influent
to all the plants and in the digested sludge of all those operating
on sewage where the ratio of infective patients to all persons con-
nected with the plant was up to 1: 600. Experiments with cultivated
tubercle bacilli showed that centrifuging of sewage resulted in only
an insignificant loss of bacilli, but that NaOH treatment caused a
loss of over 99%.

After consideration of the risk of infection to both man and
cattle from the sewage of tuberculosis institutions, the author
reports on his own studies on the killing of tubercle bacilli in sewage.
It took about 11 ½-15 months before tubercle bacilli could no longer
be demonstrated in sludge that had been kept on the drying beds.
The addition of 10 mg of chlorine per litre of biologically purified
effluent from an activated-sludge plant was found effectively to
destroy tubercle bacilli. Disinfection of sludge was also carried
out with 0.5% lysol and 0.1%-0.2% formol; 3.1% copper sulfate
proved ineffective.

The author concludes that the disinfection of sewage from
tuberculosis institutions presents no special difficulties, but that
work on this subject in different countries should be co-ordinated
in an effort to improve plant and reduce costs.

That domestic sewage may contain pathogenic bacteria is well known.
It was particularly the presence of the pathogenic intestinal bacteria causing
typhoid fever, paratyphoid fever, dysentery, and cholera that roused the
interest of sanitarians over the years, and the many epidemics of these
diseases caused by drinking water contaminated by sewage have made it
clear how well justified that interest has been. However, other pathogenic

* This paper is a summary of a comprehensive study by the samne author, originally published in
Danish.53-ED.
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bacteria have also been found to occur in sewage, and it shall be my purpose
in this paper to deal with the occurrence of tubercle bacilli.

There are three types of tubercle bacilli: the human, the bovine, and
the avian. But while these are, of course, specific for man, cattle, and birds,
respectively, that does not necessarily imply, for instance, that man can
only be infected by the human type. Without going too deeply into the
matter ofvirulence, we may merely mention here that both the human and the
bovine types are highly virulent for man, whereas the human type is only
slightly virulent for cattle. The tubercle bacillus possesses considerable
resistance, particularly to chemical influence, but it is not highly resistant
to sunlight and does not differ greatly in its resistance to heat from other
non-spore-forming bacteria.

It was commonly thought before 1900 that tubercle bacilli in sewage
were exposed to so many harmful influences that their capacity for causing
tuberculosis would decrease very rapidly, and that consequently, so far as
any threat to health was concerned, it should be sufficient to transfer the
sputum of tuberculous patients to the sewage without previous sterilization.
By a number of investigations, however, Musehold 19 in 1900 established
the fact that tubercle bacilli in sewage may preserve their virulence for
several months, so that it is necessary to sterilize the sputum before it is
carried into the sewerage system.

Occurrence of Tubercle Bacilli in Sewage

Tubercle bacilli have, in a number of cases, been found in the effluent
from tuberculosis hospitals, whether or not the sewage has been treated in
purification plants." 6, 8, 9, 11, 14-16, 18, 19 In Denmark, furthermore, it has
been established that the waste water from slaughterhouses where tuber-
culous animals are killed contains tubercle bacilli.7 13 Early investigations
showed tubercle bacilli in the sewage from institutions where patients with
pulmonary tuberculosis were treated, even if the sputum was sterilized
before being removed to the sewer. In this connexion, it should be mentioned
that it is common for patients with open pulmonary tuberculosis to evacuate
tubercle bacilli by way of the faeces, and Alexander 2 and Laird, Kite &
Stewart 17 found that tubercle bacilli could be demonstrated in the faeces
of nearly all such patients.

The early investigations showed, moreover, that tubercle bacilli in
sewage were not removed by means of the septic tanks or other types of
sedimentation plant which were examined. Nor did treatment of the sewage
in biological filters succeed in eliminating the tubercle bacilli, although no
details were given on the effectiveness of the purification plants in question.

The writer's own studies 12 have been aimed at ascertaining the condi-
tions which will arise in a town where a tuberculosis institution is situated.
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The National Public Health Service of Denmark is planning for the dis-
infection of sewage containing tubercle bacilli, and these studies were carried
out in order to provide information on that subject. Examinations were
made of the sewage from five towns in which tuberculosis institutions were
situated and from a fairly large institution for the care of the feeble-minded,
which had a tuberculosis ward. Considerable differences in the relative
content of tubercle bacilli in the various sewages were noted. The six
effluents were all treated in biological purification plants, and, so far as the
five towns were concerned, the examinations were undertaken at different
stages of the purification process. At the same time, examinations were
made of the sewage from two towns with no tuberculosis institutions.
We shall not here go into the details of the techniques used in the exami-

nations; suffice it to say that the sewage samples were drawn as average
samples, usually over a period of seven hours. The samples were examined
chemically and bacteriologically in order to ascertain the degree of purifi-
cation attained in the plants under examination, and the presence of tubercle
bacilli was determined by the inoculation of guinea-pigs. Before inoculation,
the sewage was centrifuged, and the sediment thus produced, containing
the bacteria present in the sewage, was treated for one hour at 370C with
4% NaOH. This was done in order to kill most of the numerous bacteria
contained in the sewage, which experience has shown to cause fatal non-
tuberculous infections in experimental animals on a considerable scale; the
general opinion is that the tubercle bacilli are not influenced by NaOH
treatment. The sludge from purification plants was also examined, and
guinea-pigs were inoculated with known quantities of sewage and sludge.

Tubercle bacilli were demonstrated in the influent to the sewage-treat-
ment plants of the five towns and the institution for the feeble-minded. The
ratio (f) between the number of infective patients and the total number of
persons connected with the plants varied from about 1: 3.6 to about
1 2,000. In none of the town plants were tubercle bacilli removed from
the sewage by preliminary sedimentation. In two of the plants (f = about
1: 3.6 and f = about 1: 600) where the biological purification was done
by a trickling filter followed by a humus tank, tubercle bacilli were found
in the effluent from the humus tank. The effluent from a plant (f = about
1: 30) with trickling filter but no humus tank also contained tubercle
bacilli. The sewage from one of the towns (f - about 1: 460) was purified
in an activated-sludge plant, and here no tubercle bacilli could be demon-
strated in the effluent. It should be mentioned in this connexion that on
examination of another activated-sludge plant-for a tuberculosis sana-
torium-which will be dealt with later, tubercle bacilli were found to be
constantly present in the plant effluent.

Tubercle bacilli were found in the digested sludge in all the plants up to
f = about 1: 600, but not in fresh primary-tank sludge at f = 1: 2,000.
In dried sludge (f - about 1: 460) which was drawn from the digestion
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tank to the drying beds about five weeks before sampling, the presence of
tubercle bacilli was demonstrated, while it was not in dried sludge drawn
from the digestion tank of another plant (f = about 1: 600) about three
months before sampling. The activated sludge was found to contain
tubercle bacilli.

No tubercle bacilli were found in the sewage from the two towns without
tuberculosis clinics.

It appears from these investigations that the effluent of even a relatively
small quantity of untreated sewage from a tuberculosis institution to the
sewerage system of a town may cause the town's sewage and sludge to be
infective.

In order to get some idea of the loss of tubercle bacilli from sewage and
sludge treated before being inoculated into guinea-pigs, some experiments
were carried out with cultivated tubercle bacilli. It was found that the
centrifuging alone of the sewage resulted in only an insignificant loss,
whereas the NaOH treatment caused a loss of tubercle bacilli exceeding 99%.
Although these experiments represent the maximal loss resulting from the
NaOH treatment, there can be no doubt that this loss will generally be
considerable.

These facts mean that the demonstration of tubercle bacilli in sewage
must be regarded as a serious matter, since the number of bacilli is not
inconsiderable.

What is the risk of infection from the sewage of a tuberculosis institu-
tion ? Bathing in a receiving stream that is polluted by this kind of sewage
must be considered to involve the risk that bathers will become infected
with tuberculosis through aspiration of the infected water or through
contact of the mucous membranes of the eye or ear with the water. Nor
can it be precluded that during a strong gale so great an atomizing of the
infected water may occur that there will be a danger of infection through
inhalation in the vicinity of the water. The direct use for drinking of water
containing effluents from a tuberculosis institution may also involve the
risk of infection.

Purification plants for the treatment of sewage from tuberculosis
institutions may in various ways imply a danger of infection for the persons
operating or supervising them. In plants with biological filters, minute drops
of sewage containing tubercle bacilli may be formed in the distribution of
the sewage over the surface of the filter by rotary distributors or fixed
nozzles and may be borne away in the air. If the biological purification is
done by activated sludge, minute drops will again be formed, and possibly
on a greater scale than in the case of biological filters. Special precautions
are necessary, when installing and operating these parts of the purification
plants, to eliminate the risk of infection. It is also necessary to use great care
in treating and removing sludge, and the use of sludge as a fertilizer should
be discouraged unless the tubercle bacilli have first been rendered harmless.
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Purification of the sewage from sanatoria by means of irrigation fields
has been in use in Germany until quite recently, and the spraying method
has also been used there for the same purpose. Both practices are quite
unjustifiable, and, in the case of the spraying method, not only are the crops
infected, but, by atomizing the sewage, the possibility of infection by inhala-
tion is also created.

As regards infection, the same disadvantages as those connected with
sewage from tuberculosis institutions will clearly apply to the effluent from
towns where such institutions are situated, although to a lesser degree since
the infective sewage will be diluted in the town sewage. However, the risk
of infection must be reckoned with, as has been shown by Gaustad,10 who
reports a case where three children contracted tuberculosis by falling into
water that had been contaminated by town sewage and the effluent of a
sanatorium. Three children, about three or four years of age, were playing
on the ice of the river Akerselv in Oslo in January 1946. They fell through
the ice, and by the time they were rescued their heads were submerged. All
three contracted tuberculosis from their immersion, for above the place of
the accident the river receives the effluent from the Grefsen Sanatorium and
Convalescent Home and the sewage from Aker and Oslo.

The effluent from institutions where patients suffering from bovine
tuberculosis are cared for may also involve the risk of cattle becoming
infected should they drink from streams into which the effluent is discharged.
On the other hand, one might consider the presence of the human type of
tubercle bacillus in sewage from a sanatorium to be without practical
significance for cattle since it is either avirulent or only very slightly virulent
for them. The human type, however, is able to cause positive tuberculin
reactions in cattle; even though there is but slight risk to the health of the
cattle, it is annoying for a dairy farmer to have reactors in a clean herd,
not least because it is impossible to determine by tuberculin tests alone
whether the reaction is due to the bovine or the human type of bacillus.
Stenius,2' in Finland, found that cows drinking from a rivulet into which
the effluent from a septic tank of a sanatorium was discharged did become
infected with the human type of tubercle bacillus.

Destruction of Tubercle Bacilli in Sewage

Only a few investigations of the problem of the destruction of tubercle
bacilli in sewage have been reported in the literature.3' 4, 8, 15, 18, 19 They
tend to show that it should be possible to kill the bacilli by chlorination, but
they fail to convey any clear idea as to how chlorine disinfection should be
performed.

Practical and laboratory studies on the killing of tubercle bacilli in
biologically purified sewage have been carried out by myself, first in co-
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operation with Professor K. A. Jensen 11 and later alone.'2 The laboratory
studies included experiments with sterile sewage and cultivated or expect-
orated tubercle bacilli. It was found that the addition of 9 mg per litre
available chlorine in the form of calcium hypochlorite or chlorine water
was able, within one or two hours at a pH of about 7 to 8, to kill up to
100,000 tubercle bacilli per ml of sewage with a five-day biochemical oxygen
demand (BOD) of 28-43 mg per litre. During these experiments, the residual
chlorine concentration at which tubercle bacilli were killed was found to be
2.2-5.0 mg per litre. The chlorine determinations were made colorimetri-
cally by means of o-tolidine.

For further elucidation of this question, experiments were performed on
the killing of tubercle bacilli in a fluid with a low chlorine demand. It was
found that a residual chlorine concentration of 5.0 mg per ml after two
hours was necessary to kill 40,000 tubercle bacilli during that period of
time, but that even at a chlorine concentration of about 2.0 mg per litre the
number of surviving bacilli was very small. Further, the destructive effect
of available chlorine on the bacilli was found to be the same whether
chlorine water or hypochlorite was used. In these experiments the presence
of the tubercle bacilli was demonstrated by cultivation on a modified
L,wenstein medium.

Laboratory experiments were then made with chlorine water on the
chlorination of effluent from two plants for the purification of sewage from
tuberculosis hospitals. One effluent came from an activated-sludge plant,
Tb.R.I, and here the tubercle bacilli were found to be killed in one hour;
the residual chlorine concentration in two tests was then 0.75 mg per litre
and 0.95 mg per litre, respectively. The other effluent came from a trickling-
filter plant, Tb.R.II, and here the tubercle bacilli were killed at a residual
chlorine concentration of 0.4 mg per litre after one hour. The presence of
tubercle bacilli was demonstrated by inoculation of guinea-pigs; no NaOH
treatment was used as the sewage had been extensively purified and thus
contained comparatively few bacteria.

In the experiments first mentioned it was thus necessary to use a stronger
residual chlorine concentration in order to kill the tubercle bacilli than in
the experiments with the effluent from the two purification plants. This
difference can most probably be attributed to the fact that in the former
experiments the quantities of tubercle bacilli employed were considerably
higher than those occurring in practice. This explains why the relatively
few tubercle bacilli in sewage are so markedly reduced in number even at
low residual chlorine concentrations that their presence cannot be demon-
strated in the doses of sewage with which guinea-pigs are inoculated.

In the chlorination experiments with the effluent from purification plant
Tb.R.I the coliform bacteria were found to be killed with smaller amounts
of chlorine than were the tubercle bacilli; the bacteriological assay, based
on the content of coliform bacteria, of chlorinated effluent from biological
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purification plant is therefore not serviceable for sewage containing tubercle
bacilli.

Chlorine disinfection was tried out in practice in the activated-sludge
plant, Tb.R.I. To the biologically purified effluent were added 10 mg of
chlorine per litre, and the sewage passed through a reaction tank in which
it stayed for at least three hours. In 1940, 1944, and 1946 altogether 13 sets
ofsamples were examined, and it was found that all the samples of the effluent
from the activated-sludge plant contained tubercle bacilli, while all the
samples but one from the effluent of the reaction tank were free from such
bacilli. It is probable that in the one exceptional case-which occurred at
the beginning of this series of experiments-the chlorine-adding apparatus
was not properly adjusted. The five-day BOD of the effluent from the
activated-sludge plant was determined for a number of samples and found
to vary between 11 mg and 63 mg per litre.

Chlorination experiments were also carried out in the laboratory and
in practice with the effluent from the Imhoff tank at purification plant
Tb.R.I. It proved possible to kill tubercle bacilli in this type of sewage as
well, but a greater quantity of chlorine was, of course, used than with
biologically purified sewage.

Only one instance has been described where sewage sludge from a tuber-
culosis institution has been disinfected by burning the dried digested sludge.5

The writer has carried out some studies to estimate for how long sludge
has to be kept on the drying beds to make the tubercle bacilli die spontane-
ously. Experiments with Imhoff-tank sludge from purification plant Tb.R.I
and two types of experimental drying-bed showed that it took from about
11½l2months to about 15 months before tubercle bacilli could no longer be
demonstrated in the sludge. This sludge contained a large number of
tubercle bacilli, showing a maximum of about 70,000 per gram of sludge
dry-matter. Because many tubercle bacilli were lost by the NaOH treat-
ment to which the sludge was subjected before inoculation of guinea-pigs,
the tubercle-bacillus count of the sludge must actually have been consider-
ably greater than the value obtained.

Experiments were also carried out on the disinfection of sludge with
lysol, formol, copper sulfate, and chlorine. After treatment for one week,
the tubercle bacilli in Imhoff-tank sludge from purification plant Tb.R.I
(with a dry-matter content of 6.2%) were killed by 0.5% lysol and by 0.1%-
0.2% formol but not by 3. 1% copper sulfate. The sludge could be disinfected
in 24 hours with chlorine in the form of chlorine water by the addition
of 12 g of chlorine to 100 g of sludge dry-matter.

Where the conditions permit, it will presumably be preferred in prac-
tice to leave the digested sludge on drying beds until the tubercle bacilli
are dead.

Finally, attention should be drawn to the fact that a certain disinfection
of sludge may be effected by suitable heating.
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Conclusion

It appears from the experiments reported here that disinfection of the
sewage from institutions for the care of the tuberculous presents no special
technical difficulties. In Denmark, the National Public Health Service is
drawing up plans for such disinfection, and we may hope to have solved
this problem in practice in a few years. However, it is reasonable to assume
that continued work on this question may lead to an improvement in plant
and to a reduction of expenses. It is consequently important that work in
this field in different countries should be co-ordinated.

RESUMP-

Les Services de sante publique du Danemark projettent d'entreprendre la desinfection
des egouts contenant des bacilles tuberculeux, et l'auteur a effectue dans ce but des
etudes preliminaires dont il rend compte dans cet article.

La recherche du bacille tuberculeux a ete effectuee dans les egouts de cinq villes
ayant des sanatoriums et dans ceux d'une grande institution pour faibles d'esprit com-
prenant une section pour tuberculeux. Le bacille de Koch aete decele dans les effluents
bruts provenant de ces villes et de cette institution. II a ete trouve egalement dans les
effluents purifies selon divers systemes (filtre percolateur suivi - ou non - du passage
en fosses a humus, boues activees), dans les boues diger6es et dans les boues sechees,
le prelevement desechantillons etant effectue cinq semaines apres 1'epandage. L'inocula-
tion au cobaye des culots de centrifugation de ces egouts, traites par l'hydroxyde de
sodium afin de supprimer les autres germes, a donne des resultats positifs, meme dans
les cas oui le nombre des cas infectieux par rapport au nombre de personnes vivant dans
l'etablissement en questionetait de 1: 600. I1 est ainsi demontre qu'une quantite meme
faible d'effluent infecte peut rendre infectants lesegouts et les boues d'une ville. Les
dangers d'infection, pour la population, sont multiples: le bain dans un cours d'eau
ou un lac ainsi pollue peut entrainer une infection tuberculeuse - par voie naso-pharyngee
ou oculaire. Les gouttelettes d'eau contaminee peuvent, au cours d'une tempete qui les
dissemine danslatmosphere, contaminer les riverains. D'autre part, le traitement des
effluents infectes comporte aussi des risques d'infection pour les personnes qui en sont
chargees. Des precautions doiventetre prises pour leseviter.

La purification des egouts par l'irrigation des champs ou la pulverisation de l'eau
d'arrosage doiventetre prohibes, car ces procedes ne font qu'aggraver les risques d'infec-
tion. Le betail peut s'infecter dans les pres irrigues par les egouts des sanatoriums.

Les experiences realisees pour detruire le bacille tuberculeux dans lesegouts ont
montre qu'il fallait 11 ½/2-15 mois pour le faire disparaitre par dessiccation dans les champs
d'epandage. Des essais en laboratoire ontete effectues avec les effluents sortant des
installations de purification des h6pitaux pour tuberculeux. Les bacilles de Koch furent
tues par l'eau de chlore au bout d'une heure -la teneur de l'eau en chlore residuel
etant de 0,95 mg/I dans certains cas, de 0,4 mg/l dans d'autres. Des experiencesa l'echelle
de la pratique, sur des effluents purifies par les boues activees, ont demontre que le traite-
ment au moyen de 10 mg de chlore par litre durant 3 heures dans des fosses A reaction
assurait la disparition du bacille tuberculeux. La desinfection des boues par le lysol
A 0,5 Y. ou le formol A 0,1 ou 0,2 % ont donne desresultats satisfaisants.

L'auteur conclut que la desinfection desegouts provenant des hopitaux pour tuber-
culeux ne presente pas de difficulte particuli&e et que le travail dans les divers pays
devraitetre coordonne, afin que les methodes se perfectionnent.
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