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Abstract
EFFECTS OF GAMMA IHHADIATION ON PHYSICAL-CHEMICAL PROPERTIES AND
DEWATEEING CHARACTERISTICS OF SLUDGES.

Separation of solids from liquids is a paramount operation in
the processes applied in treating sewage and waste waters. There-
fore, studies were undertaken to investigate effects of gamira irra-
diation on the physical-chemical properties of sludges and the de-
watering characteristics of anaerobically digested sludge and
aerobically activated sludge. A dose of 300 krad reduced the speci-
fiCgresistance of anaerobicallygdigested sludges from 33 x 10
sec /g to approximately 10 x 10 sec /g. This conditioning effect
was little influenced by the presence of oxygen or nitrogen.
Pasteurization increased the specific resistance to filtration up
to 48 x 10 sec /g. D&watering characteristics of raw sludge were
not affected by irradiation in the presence of oxygen but a slight
conditioning effect was noticed when the sludge was irradiated
under deaerated conditions. Experimental evidence indicated that
gamma irradiation detached organic substances from the sludge
flocks resulting in a decrease of the specific resistance and an
increase in the Total Organic Carbon (TOC) and the Chemical Oxygen
Demand (COD) in the filtrates.Elutriation reduced but did not eli-
minate the conditioning effect of gamma irradiation.

INTRODUCTION
In the Netherlands appr=::i=iately half of the sewage sludge

produced is utiH'.lied in agriculture, wbexe ample practical expe-
rience exists of its value as a source 01 nitrogen, phosphorus,
and trace elements for crops. However, when sludge is to be used
on agrir.altural land, the concentrations of tcxic compounds have to
be at acceptable low levels and the sludge must not be a source
for potentially infectious organisms. If disposal of sludge on land
would be reduced or forbidden, the financiel repercussions would be
serious.

Disinfection of sludge can be done by ionizing radiation or
by thermal pasteurization. Thermal pasteurization .has several
disadvantages. Bewatering properties of sludge deteriorate by pas-
teurization while the sludge volume increases from the condensed
steam used to heat the sludge in the common pasteurization facili-
ties. Corrosion is increased by the high temperatures which also
generate obnoxious smells. The nuclear method of disinfection offers
a number of additional advantages. Results of laboratory experiments
indicate that ionizing radiation has sludge conditioning properties
(Etzel et al. 1969) and is capable of decomposing many noxious
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compounds (Case et al. 1971).

Separation of solids from liquids is a paramount operation in
the processes applied in treating sewage waste waters. The purpose
of this paper is therefore to report on effects of gamma irradia-
tion on physical-chemical characteristics of sludges related to
their dewatering properties.

MATERIALS AND METHODS.

Anaerobically digested sludge was obtained from a waste water
treatment plant near Zeist'in the Netherlands. This conventional
plant had a total capacity of about 70,000 population equivalents.
Samples of raw sludge were taken from a Pasfeer oxydation ditch
with a total capacity of 16,500 population equivalents near Benne-
kom in the Netherlands.

Total suspended matter, chemical oxygen demand and total orga-
nic carbon were determined by Standard Methods (1971)-

Sludge samples were irradiated in one liter glass bottles at a
dose rate of 1,445 krad/hour delivered by a 175,000 Ci boCobalt
source in the pilot plant for food irradiation of the Association
EURATOM-ITAL. Sludge samples were bubbled with oxygen or nitrogen
gas at a rate of 10 liter per minute during irradiation and 90
minutes previous to the radiation exposures.

Pasteurization of sludges was performed by heating sludge
samples at 70 C for JO minutes in 1 liter containers in the water
bath.

Specific resistances to filtration were obtained by Buchner
funnel test (Eckenfelder, 1966) from sludge samples screened through
a sieve of 2 mm in order to prevent erratic results arising from
large particles such as debris of branches, coarse sand, etc.

The dosimetry has been described previously by den Hartog and
Groneman (1976).

EXPERIMENTAL RESULTS AMD DISCUSSION.

Sludges are suspensions of solids in liquid. The suspended so-
lids vary tremendously in size. They may be formed by coagulated
and flocculated colloidal pollutants such as cytolytic debries from
sewage, live and dead bacterial cells, live and decaying algae,
silts, clay, and organic particles.

The effect of gamma irradiation on the physical-chemical pro-
perties of a sludge is exemplified in Figure 1. An arbitrarily
chosen dose of 2 megarad drastically changed the interaction forces
between the sludge particles and the wetted glass plates, which were
inclined at an angle of 60 from a horizontal plane. The forces with
which the sludge adhered to the glass surface were altered and the
cohesive forces exerted between particles within flocks appeared to
have changed drastically.

The next two illustrations show how the structure of the sludge
mass was altered by gamma irradiation.

Figure 2 is an enlargement of a 1:1 picture of untreated,
anaerobically digested sludge on the glass wall. It shows a compact
thick substance with a close structure. The same enlargement of ir-
radiated sludge in Figure 3 shows a thinner film on the glass wall
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Pig. 1 - Effects of 2 megarad of gamma irradiation on
the physical-chemical properties of a anaero-
bieally digested sludge from Zeistj2.3J& suspen-
ded solids.

with a more open structure. The structure of the sludge substance
were changed drastically by the irradiation.

Changes in the properties of anaerobically digested sludges
also occurred at lower irradiation doses and affected the dewate-
ring characteristics.

The specific resistance to filtration was selected to describe
the dewatering characteristics. This quantitative measure of filter-
ability has a sound theoretical basis (Coackley et al. 1956) and
has been shown to be closely related both to the performance of
drum filters and filter presses (Jones 1956) as well as in the bed
yield expressed in dry weight of solids per area per year as lifta-
ble sludge (Swanwick et al. 1962). Sludge dewatering improves as
the specific resistance decreases.

Results of experimental determinations of the specific resis-
tance to filtration at 500 g/cm are presented in Figure 4.

Prom Figure 4 it is seen that gamma irradiation had conditio-
ning effects on the anaerobically digested sludge from Zeist, which
was gassed either with nitrogen or with oxygen, at a rate of 10
liters of gas per minute. Gamma irradiation drastically reduced the
specific resistance from 31 and 33 units to i>0$ of its initial value
at 300 krad and to about J0$ of its initial value at 500 krad. The
largest decrease of the specific resistance oeeured in the first
100 to 200 Icrad indicating that the rate of conditioning of gamma
radiation decreased with increasing dose. These results are consis-
tent with the results of laboratory and pilot plant experiments

- 101 -



Pig. 2 Structure of untreated anaerobically digested sludge from
Zeist; 2.3^ suspended solids.

Pig. 3 Structure of anaerobically digested sludge from Zeist,
exposed at 2 megarad of gamma irradiation; 2.3?S suspended
solids.

reported earlier by Groneman (1975) using anaerobically digested
sludge from Geiselbullach in Germany. Oxygenation did not enhance
the conditioning effects of irradiation relative to nitrogenation.

Thickened raw sludge from a Pasfeer oxidation ditch behaved
differently. First, this type of unstabilized sludge dewatered to
a much better extent as indicated by a low specific resistance of
6 units in the oxygenated sludge. Second, gamma irradiation had no
effect on this well dewatering raw sludge. The increase of the
specific resistance above 200 krad is probably due to the longer
oxygen bubbling time, which was proportional to the irradiation
time in this • experiment. As reported earlier by Groneman
(1975), shearing forces due to stirring or bubbling impaired struc-
tures of sludge flocks. As a result of bubbling the dewatering pro-
perties deteriotated to some extent above a dose of 200 krad.
Gassing with N-as compared to 0 2 gassing increased the specific re-
sistance of raw sludge as indicated by a specific resistance of 17
units at 0 krad. In the case of nitrogenation,gamma radiation had
a distinct condtioning effect and reduced the specific resistance
from 17 units to 11 units at 200 krad, a reduction of 35%. Above
a dose of 200 krad the conditioning effect was partially counterac-
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Pig. 4 Effects of irradiation dose on the specific resistance to
filtration of anaerobically digested sludge and raw sludge
with and without oxygen.

ted by the longer bubbling period in this experiment.
Obviously, anaerobic conditions in a nitrogen atmosphere in-

creased the specific resistance relative to 0~ and in this case the
conditioning effect of gamma radiation became apparent. These re-
sults are interesting mainly from a research point of view, but have
little practical implications at this stage. The experimental evi-
dence indicates that the conditioning effect of gamma irradiation
depends on the type of sludge. An observation with important prac-
tical implications is that pasteurization at 70° C for 30 minutes
drastically deteriorated the dewatering properties in both sludges,
as indicated by the seriously increased specific resistance to
filtration.

The suspended solids contents of the anaerobically digested
sludge from Zeist and the raw sludge from Bennekom were 2.3$ and
2.5$, respectively. These sludges, with a water content of 97.7%
and 97-5$, respectively, are considered to be an aqueous system.
To better understand the governing processes involved in the con-
ditioning effects of gamma irradiation in anaerobically digested
sludge filtrates were analysed for their total carbon content (T.C.),
their inorganic carbon content (i.e.), their total organic carbon
content, and their chemical oxygen demand (C.O.D.).
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Pig. 5 Effects of oxygenation, nitrogenation, irradiation, and
pasteurization on the contents of Total Carbon, T.C., of
Inorganic Carbon, I.C., of Total Organic Carbon, T.O.C.,
and the Chemical Oxygen Demand, C.O.D., in filtrates of
anaerobically digested sludge from Zeist (2£$ suspended
solids).

From the experimental data summarized in Figure 5 it is seen
that the total carbon content (T.C.) in the filtrate, that is the
stun of carbonates, bicarbonates, and. organic carbon, increased with
the irradiation dose. The largest rate of increase occured in the
first 100 krad. The increase of the concentration of total carbon
was due mainly to the increase of the content total organic carbon
(T.O.C.) in solution, as indicated by the two lowest curves, that
present the content of total organic carbon in the filtrate as a
function of the dose. The content of (bi)carbonates (i.e.) .•'ncreased
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slightly with the radiation dose, which may suggest that some of
the organic molecules in the sludge oxidized to COp.

The chemical oxygen demand (C.O.D.) in mg 0?/l also increased
with the radiation dose and the largest rate of increase occured at
radiation doses between 0 and 200 krad. Oxygenation of the sludge
clearly increased the C.O.D. of the filtrates at radiation doses
above 200 krad, as compared to nitrogenation. This increase in
C.O.D. was closely related with the increase of T.O.C., also due to
oxygenation.

The most striking aspect of these results is that the largest
rate of conditioning of gamma radiation coincided with the largest
rate of increase of the content of T.O.C., which explains the
closely associated increase in C.O.D.. It is anticipated to examine
this phenomenon in more detail and to explore its practical impli-
cations in the near future.
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Pig. 6 Effects of elutriation
on the specific resistance
of anaerobically digested
sludge.

Fig. 7 Effects of irradiation
dose and elutriation on
the specific resistance of
anaerobically digested
sludge.
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Pasteurization drastically increased the total organic carbon
content from 150 mg C/l to 1080 mg C/l, a 620$ increase. This
resulted in a more than 5 fold increase of C.O.I), from approximately
525 mg 02/l to 2733 mg 0.J1. This is a disadvantage because the
sludge liquor is polluted to such an extent that it has to be re-
cycled to the waste water treatment plant.

Elutriation experiments were performed in order to ascertain
the derivation of organic compounds from the sludge flocks.
Elutriation was basically a washing process in which the sludge was
mixed with water and then allowed to settle until the initial
concentration of suspended solids was reached. As a result, colloi-
dal matter and fines were washed away and the improved dewatering
characteristics were reflected by a pronounced decrease of the
specific resistance as shown in Figure 6.

Ho decrease of the specific resistance was obtained at dilution
factors larger than 4. Therefore sludge, elutriated by a factor 4,
was prepared and the effect of irradiation on this elutriated sludge
was compared with the effect on non-elutriated sludge.

Elutriation partially reduced the specific resistance, as can
be observed in Figure 7. Gamma radiation, however, still had a
conditioning effect on the sludge as shown by the decreasing
specific resistance of elutriated sludge with increasing dose.
Apparently, conditioning compounds that were detached by irradiation
from sludge particles were not fully washable. A dose of 300 krad
reduced the specific resistance of non-elutriated sludge from 36
units down to 12 units, which is less than the 18 units of the
elutriated non-irradiated sludge.

These results suggest that irradiation and elutriation improved
the dewatering properties of sludge to above the same degree. Pre-
sumably both treatments improved the structure of the sludge mass to
a point where another factor begins to govern the dewatering
properties as reflected by the specific resistance to filtration.

CONCLUDING COMMENTS.

The dramatic effects of two megarad of gamma radiation on
physical-chemical properties of anaerobically digested sludge from
Zeist were demonstrated. Also, at much lower radiation doses (0 to
500 krads) it was shown that gamma radiation had conditioning
effects.

A dose of 300 krad, which is considered equivalent in disin-
fecting power to thermal pasteurization at 70°C for 30 minutes,
improved the dewatering properties of anaerobically digested sludge
as shown by thegreduction of the specific.resistance to filtration
from 33x10° sec /g to approximately 10x10 sec /g. The conditioning
effect was not much influenced by oxygenation as compared to nitro-
genation at a similar gasflow of 10 1 per minute.

Dewatering characteristics of raw sludge from Bennekom were not
altered by gamma radiation in the presence of oxygen, but a slight
conditioning effect was noticed when sludge was irradiated under
deaerated conditions.

Pasteurization drastically deteriorated the dewatering
properties of both types of sludges.

This experimental data clearly showed that gamma radiation
removed organic compounds from the sludge flocks, thus increasing
the total organic carbon (T.O.C.) concentration in the sludge liquor.
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The increase of this T.O.C. concentration subsequently increased the
chemical oxygen demand (C.O.D.) of the liquor. Pasteurization, how-
ever, increased the T.O.C. and C.O.D. values up to 3 times greater
than those of sludges irradiated with J00 krad.

Elutriation of anaerobically digested sludge with water reduced
but did not eliminate the conditioning effects of gamma irradiation.
The irradiation and elutriation treatments reduced the specific
resistance to filtration to approximately the same degree.
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