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Abstract

Studies on radiation treatment of sewage sludge and chicken manure to eliminate pathogenic bacteria and
on their use to increase yields of corn have been done at the Centre for the Application of Isotopes and Radiation
(CAIR) since 1984. The parameters measured for irradiated sludge were: total bacteria and pathogenic bacteria
content, nutrient value, pH, BOD, COD, suspension rate, water content, optimum radiation dose, combined
treatment of irradiation and sun-drying, and storage time after irradiation. Results showed mat, when combined
with sun-drying, die y-radiation dose needed to eliminate the pathogenic bacteria was decreased from 6 kGy to
2 kGy. The application of 5 ton/ha of irradiated sludge to corn gave the same beneficial effect as 90 kg/ha of
triple superphosplate. Irradiated sludge and chicken manure can be considered as valuable resources for
improving soil fertility and increasing crop yields.

1. INTRODUCTION

Radiation technology makes significant contributions to the metallurgical, chemical, food, and

pharmaceutical industries. Commercial-scale sterilization of medical products is now well established,

and at present more than 140 radiation plants are in operation throughout the world. Pollution and

public health controls are relatively new areas in which research and development are in progress for

utilization of radiation[l].

Sludge is the residue of solid material that collects during the process of wastewater treatment.

Sewage sludge and chicken manure contain valuable inorganic components such as N, P, and K, and

the organic fraction can have a soil-conditioning effect. Therefore, effort is being expended to recycle

sludge and chicken manure as fertilizer, soil conditioner, and animal-feed supplement.

However, sewage sludge and chicken manure can contain pathogens, toxic compounds, and

heavy metals, therefore, for environmental protection, they should be processed to eliminate

pathogenic organisms such as Escherichia coli and Salmonella [2, 4] and to reduce heavy metals and

toxic chemicals to safe levels, before distribution for public use.

Disinfection of sewage sludge and chicken manure can be achieved using ionizing radiation

or thermal pasteurization. Thermal pasteurization has disadvantages, such as increasing the volume

during steam heating. In contrast, radiation treatment offers several advantages: (i) the energy required

is less than that for heat pasteurization, (ii) there is no chemical residue in contrast with chemical

treatment, (iii) the operation is simple, (iv) sewage sludge and chicken manure can be disinfected

continuously and completely, and (v) odour production is reduced.
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Since 1984, several studies on irradiated sewage sludge and chicken manure have been

conducted at the Centre for the Application of Isotopes and Radiation (CAIR), Jakarta, with promising

results. However, because of lack of sufficient knowledge and appropriate environmental regulations,

the use of sewage sludge and chicken manure has not met with broad public acceptance [5-9].

There are two approaches for pathogen reduction in sludge:

• processes to significantly reduce pathogens (PSRPs), which include aerobic digestion, air

drying, anaerobic digestion, low-temperature composting, lime stabilization, and other

techniques giving equivalent pathogen reduction,

• processes to further reduce pathogens (PFRPs), which include pasteurization (70°C for 30

minutes) and y-radiation.

Some of the sewage sludge from Jakarta city is treated by aerobic digestion as a PSRP in a plant with

a capacity of 300 m3 sludge per day, located at Pulo Gebang, Jakarta. It is collected mostly from

septic tanks in housing areas, and also from an open-air sludge reservoir at Tangerang, a suburb [10-

11].

Studies on isolation and determination of pathogenic microbes from municipal sludge have

been reported. Watanabe et al. [12] found total bacterial and coliform counts of up to 3.0 x 109 and

3.5 x 108 g"1, respectively, in dewatered sludge; the conforms in dewatered sludge were eliminated

with a dose of 5 kGy, whereas liquid sludge required only 3 kGy.

Studies on the nutritive value of sewage sludge have been carried out by several investigators

[13-15].

This report reviews work at CAIR on the effects y-radiation on sewage sludge and chicken

manure, with particular emphasis on their utilization as fertilizer to improve soil fertility and increase

crop yields.

2. CHEMICAL COMPOSITION

Chemical composition, as an indicator of nutritive value, of dewatered sludges (Sludge I from

a sewage-treatment plant in Jakarta city, Sludge II from a suburban sewage reservoir) and of chicken

manure (from a farm near Ciputat, south Jakarta) are shown in Table I. Sludge I consisted mostly of

human waste, whereas Sludge II was a mixture of human and other domestic wastes. The

compositions were calculated from samples of 15 to 20% moisture content.

The Kjeldahl N content of Sludge I was similar to that of Sludge II, whereas it was higher in

the chicken manure probably due to the presence of husks. These values for N are similar to those

in the dewatered sludge used by Stark et al. [16] and Smith et al. [17] as supplements for animal feed.

Radiation doses of up to 8 kGy did not cause significant change in chemical composition or in pH

values, which were 7.0, 6.10, and 7.5, in Sludges I and II and the manure, respectively.

3. BOD, COD, AND PHYSICAL CHARACTERISTICS

The effects of y-radiation (2, 4, or 6 kGy) and storage (2 or 4 weeks in polythene bags as an

oxygen barrier and to retain moisture, at a room temperature of 29.+2°C), were examined on BOD

and COD, solid suspension rate, particle size, and sedimentation rate of liquid sludge (70-75% water).
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The results are presented in Tables II-VI. No radiation effects were observed, except that
sedimentation rate was decreased.

4. MICROBIOLOGY

Bacterial counts are shown in Tables VII (not irradiated) and VIII (irradiated, 2 kGy);

radiation decreased the numbers by at least 90%, and in most cases by >99%. It is noteworthy that

Salmonella was detectable in all three substrates, and was eliminated by radiation. In the samples

investigated, there was no evidence of presence of Shigella or vibrios. About 50% of the isolates from

dewatered sludge were gram-negative bacteria. The chicken-manure samples were contaminated with

lice.

A comparative study was conducted, on the counts of total bacteria, coliforms and E. coli in

sludge in liquid (70-75% water) and dewatered (20-25% water) forms, with results shown in Table

IX. Total bacterial counts were higher in the liquid than in the dewatered sludge, but coliforms and

E. coli were lower in number in the liquid form.

UV radiation has detrimental effects on bacteria. Wavelengths between 200 and 310 nm have

the most lethal effects on microorganisms, with maximum microbiocidal action at around 260 nm.

Therefore, sun-drying of sludge can decrease bacterial counts more effectively than does air-drying.

The combination of sun-drying and radiation (2 kGy) eliminated the Enterobacteriaceae, faecal

coliforms including E. coli, and faecal streptococci (Table X).

At the end of 12 weeks of storage, total bacterial counts were similar to those at time zero

irrespective of y-radiation dosage (0-3 kGy; Fig. 1). However, the combination of radiation (2 kGy)

and sun-drying led to the elimination of faecal coliforms at 4 weeks of storage (Fig. 2). In a third

experiment, the combination of sun-drying and radiation of 2 kGy killed the pathogenic bacteria,

whereas after air-drying a dose of up to 6 kGy was required (Fig. 3).

5. EFFECTS ON CORN

Two pot experiments were conducted to compare the effects of irradiated sludge and chicken

manure, and TSP fertilizer, on the growth of corn. The parameters observed were total-P uptake, P

availability from the different sources of fertilizer, and dry-matter yield.

The experiments consisted of the following treatments:

Experiment I

1. Control

2. +32P

3. TSP (90 kg P205/ha)

4. TSP(90kgP205/ha) +32P

5. Sludge, 5 ton/ha

Experiment II

1. Control

2. +32P-TSP (45 kg P2O5)

3. Sludge, 5 ton/ha

4. Sludge, 5 ton/ha + 32P-TSP (45 kg P2O5)

5. Manure, 5 ton/ha
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6. Sludge, 5 ton/ha+32P 6. Manure, 5 ton/ha + 32P-TSP (45 kg P2O5)

7. Manure, 5 ton/ha

8. Manure, 5 ton/ha+32P

32P = Isotope 32P carrier free in KH2 PO4
32P-TSP = 32P labelled TSP, 45 kg P2 05

Sludge = Irradiated Sludge I

Pots containing 8 kg of air-dried latosol from Pasar Jumat, Jakarta, were used and irradiated

sludge and chicken manure were applied at 20 g/pot, equivalent to 5 t/ha, with TSP at 0.8 g/pot and
32P labelled TSP at 0.4 g/pot. Isotope 32P carrier free was used at 0.4 mCi/pot at planting time. N and

K fertilizer were applied at 0.8 g/pot and 0.6 g/pot, as urea and KC1 respectively. Soil moisture was

maintained around field capacity (pF=2.54). Soil pH at planting time was around 6.5. The crop was

harvested at 80 days after planting.

The results of Experiment I are shown in Fig. 4. The irradiated sludge and TSP similarly

increased dry matter production over the control, and chicken manure was even more effective.

Similar trends were observed for total P uptake and source P uptake.

The results of Experiment II are in Fig. 5. In this case, the irradiated sludge gave a similar

dry-matter yield as did the irradiated chicken manure. However, the manure gave a higher total-P

uptake than did the sludge. In the combined treatments (4 and 6 above), the presence of the TSP did

not appreciably improve dry-matter yields or total-P uptake.

5. ON-GOING WORK

Studies on the use of irradiated sludge and chicken manure fertilizer for increasing and

sustaining the yields of several vegetables crop such as sweet corn, tomato, asparagus are continuing.

They will also involve environmental considerations. The use of irradiated chicken manure as a feed

supplement for crayfish {Ospharonemus gouramy) will receive renewed emphasis.

6. CONCLUSIONS

• The combined treatments of radiation at 2 kGy and sun-drying of sludge acted synergistcally

to eliminate pathogenic bacteria; with air-dried sludge, up to 6 kGy were required.

• Coliforms that survived the combined sun-drying/radiation treatments died within 4 weeks

of storage.

• Application of 5 ton/ha of irradiated sludge has a similar effect as 90 kg/ha of TSP based

on dry-matter production and P uptake by corn.

• Future prospects are promising for the safe reutilization of irradiated sewage sludge and

chicken manure as fertilizer for improving soil fertility and sustaining crop yields and in an

environmentally-sound manner
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TABLE I. COMPOSITION OF DEWATERED SLUDGE I, SLUDGE II, AND
CHICKEN MANURE

Component

Dry matter
Kjeldahl N
Crude protein
(N x 6.25)
P

Fe

K

Ca

Mg

Na

Mn
Cu

Zn

Sludge I

85.0+_ 5.0*
1.66±0.07

10.4
2.36.+ 0.2
3.20+. 0.2

150±10
84±20
72±15
630±20
48±80
10±l
63±2

Sludge II

(%)

80.0± 8.4
1.86±O.1O

11.2
1.91+.0.2
4.60± 0.2

(mg/kg)

190±8
210±20
14+40
410±100
9±30
13±3
90±30

Manure

81.1±4.2
2.25.+0.04

14.1
3.35± 0.52
1.94+, 1.10

1,150±290
6.170+J750
l,390±30
670±100
120±50
3±0.2
25±1

aMean±standard deviation (n = 5).

TABLE II. EFFECTS OF RADIATION AND STORAGE TIME ON BOD (ppm)
OF LIQUID SEWAGE SLUDGE I

Storage
time

(weeks)

y-radiation dose (kGy)

2 4
(ppm)

0

2

4

1.49+1.01' 1.54 + 1.20 1.82 + 1.27 2.05+0.61

1.69+1.22 2.73 + 1.52 2.35 + 1.37 1.56+1.02

1.39+0.45 1.72+0.44 1.82+0.52 1.76+0.63

"Mean +_ standard deviation (n = 5).
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TABLE m . EFFECTS OF RADIATION AND STORAGE TIME ON COD (% W)

OF SEWAGE SLUDGE I

Storage

time

(weeks)

0

Y-radiation dose (kGy)

13.9+5.31a 28.4+10.3 31.3 + 11.9 32.3 + 14.5

16.8+7.00 28.7+7.60 30.7+8.96 36.0+9.45

11.4 + 3.40 25.6±7.84 31.7+.11.1 38.9±19.6

*Mean+_standard deviation (n = 5).

TABLE IV. EFFECTS OF RADIATION AND STORAGE TIME ON SUSPENSION

SOLIDS (mg/mL) OF LIQUID SEWAGE SLUDGE

Storage

time

(weeks)

0

2

4

a After shaking.

Interval

time"

(h)

6

24

48

72

6
24

48

72

6

24

48

72

bMean+_standard deviation (n

0

46±15b

41±13

31±10

28±11

46±10
37±10

28±10

25±10

44±10

38±3.0

33±1O

30±l l

= 5).

y-radation dose (kGy)

2 4

(mg/mL)

50±10

43±10

38±9.8

34±9.6

58±10
47±10

38±10

33±9.9

51±9.7

44±10

38±10

34±10

55±9.8

46±9.6

39±10

33±10

53±10
44±9.7

34±9.9

32±10

52±10

45±10

38±10

35±1O

6

54±9.6

49±9.9

41+.9.8

36±9.7

61±10
50.+ 10

41±10

36±10

59±9.7

48±9.6

40±10

38±3.O
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TABLE V. EFFECTS OF RADIATION AND STORAGE TIME ON PARTICLE SIZE

(mm x 10-4) OF LIQUID SEWAGE SLUDGE I

Storage

time

(weeks)

0

2

4

"After shaking.

Interval

time"

(h)

1

5

24

28

1

5

24

28

1

5

24

28

bMean+_standard deviation (n

0

14±2b

6±1
3±1
2±1

12+_2

5±2
3±1
2±1

11 + 1
5±1
2±1
1±1

= 5).

y-radiation dose (kGy)

2

(mm x

24+34

6±1
3±1
l±0.5

10±l
5±1
2±0
i±o

12±2
6±1
2±4
i±o

4

10"4)

12±3
6±2
3±1
l±0.5

10±l
5±1
2±0
i±o

11 + 1
5±4
2±4
i±o

6

11 + 1
5±1
2±1
2±1

H±l
5+.1
2±1
1 + 1

2±2
5±1
3±1
1 + 1

TABLE VI. EFFECTS OF RADIATION AND STORAGE TIME ON

SEDIMENTATION RATE (cm/week) OF LIQUID SEWAGE SLUDGE I

Storage

time

(weeks)

y-radiation dose (kGy)

2 4

(cm/week)

0 11.3+2.35" 4.35 + 1.62 3.38 + 1.40 2.28+0.94

2

4

12.2+4.34 4.44+1.74 3.32 + 1.32 2.68+0.95

12.2+4.02 5.82 + 1.80 4.54+0.95 3.32 + 1.00

"Mean+_standard deviation (n = 5).

101



TABLE VII. MICROBIAL COUNTS IN NON-IRRADIATED SLUDGE AND

CHICKEN MANURE.

Total bacteria

Coliforms

E. coli

Staphylococcus

Streptococcus

Pseudomonas

Salmonella

"Mean+standard
bNot determined.
cPresent in small

Sludge I

(1.1 + 1.0) .!*.

(6.0±2.0).104

(6.1 ±1.0). 104

(4.7±2.3).1O4

(6.3±4.4).1O2

(2.0±1.5).104

+c

deviation (n = 5).

numbers.

Sludge II

(cells/g)

(1.8±0.5).108

(5.2±0.6).105

(6.3+.0.9). 104

NDb

ND
ND

+

Manure

(1.7±0.9).107

(3.5±1.0).106

(10.5±0.6).105

i$.0±0A).\&
(1.8±O.O5).1O3

(0.8±0.01).102

+

TABLE VIII. MICROBIAL COUNTS IN IRRADIATED (2 kGy) SLUDGE AND

CHICKEN MANURE.

Total bacteria

Coliforms

Staphylococcus

Streptococcus

Pseudomonas

Salmonella

"Mean +_ standard
bNot determined.

'Absent.

Sludge I

(l . l±3.0).106 1

(1.5±0.3).102

(2.5±2.1).103

c

deviation (n = 5).

Sludge II

(cells/g)

(7.6±1.3).1O4

(2.7±0.2).103

NDb

ND

ND

Manure

(2.7±1.0).104
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TABLE IX. COMPARISONS OF LIQUID AND DEWATERED SLUDGE I FOR WATER

CONTENT, pH, N CONTENT, AND MICROBIAL COUNTS

September
Liquid
Dewatered

October I
Liquid
Dewatered

October II
Liquid
Dewatered

Water
content

(%)

74

22

75

37

73
22

pH

5.95
5.23

7.05
6.15

6.03
6.10

N content in
dry matter

(%)

0.52
1.87

1.57
4.43

0.53
1.67

Total bacteria

(8.3+_0.5).107a

(3.6>O.3).1O6

(8.2±0.8).107

(7.0+.1.0).106

(1.7j£0.1).109

(7.0±2.0).106

Coliforms

(cells/g)

(4.6±0.5).104

(1.6±0.2).l(f

(3.6±0A)A03

(1.74:0.3). 104

(3.4+.0.3). 104

( S ^ O ^ . I O 5

E. coli

(1.8±O.1).1O3

{5.0+0.9) A&

(\.%±0.2)A02

(8.9+0.9). 102

(1.9±O.2).1O3

{6.3+0.9) A0*

'Meanistandard deviation (n=5).

TABLE X. EFFECTS OF DRYING TREATMENT COMBINED WITH RADIATION (2 kGy)

ON MICROBIAL COUNTS IN SLUDGE I

Sun-dried Air-dried

Non-irradiated Irradiated Non-irradiated Irradiated

(cells/g)

Total bacteria (6.3±0.9). 108

Enterobaceriaceae (1.6±0.7)AO*

Coliforms (1.0±0.1).103

E. coli (3.2±l.O)A01

faecal Streptococcus (1.9+0.8). 10s

(1.0±0.1).107 (9.8±1.O).1O9

(l.OiO.0-105

(S.9±1.0)A0i1

(4.0±1.0).105

NDb

(6.9+.1.5).l03

(4.5±O.3).1O2

(2.5±O.7).1O

(0.3+.0.7). 10

"Mean +. standard deviation (n = 5).
bNot determined.

"Absent.
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0 1 4 * 12

Storage (weeks)

•TO kGy • 0 . 5 kGy * 1 kGy -»"3 kGy

FIG. 1. Effects of storage time on total bacterial counts of unirradiated and irradiated sun-dried

sludge.

• = fecal streptococcus - air-dried
D = fecal streptococcus - sun-dried
• = total coliform - air-dried
A = total coliform - sun-dried
# = E. coli - air-dried
O = E. coli - sun-dried

) 1

FIG. 2. Effects of storage time on pathogenic bacteria content of unirradiated sun- and air-dried

sludge.
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Astrepl.fec-

• Entero bac

air-dried

.- air-dried

^ E. coli - air-dreid

• Coliform - air-dried

A
Q

strepl.fec- sun-dried

Enlero bac.- sun-dried

E. coli - sun-dried

O Coliform • air-dried

FIG. 3. Effects of irradiation dose on decreasing the pathogenic bacteria content of sun- and air-
dried sludge.

100
E Control M TSP B Sludge • Sludge + TSP O Manure D Manure + TSP

o
Q.I
a.

a

.a.
3
o

i

D
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m

80

60

40

20

0
Dry matter yield Total P uptake

FIG. 4. Effects of treatment with phosphate fertilizer, irradiated sludge, and chicken manure on

dry matter production, total P uptake, and source (phosphate fertilizer, irradiated sludge, and

chicken manure) P uptake by corn.
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FIG. 5. Comparison of dry matter production and P uptake by corn in the presence of different

sources of nutrients.
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