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Abstract

Recycling of sewage sludge from wastewater treatment plant of beer industry as supplemental
feed for fish was conducted. Industrial biosludge from wastewater treatment plant of beer industry
was irradiated at 3.32 kGy gamma irradiator, carrier type, model JS 8900, 6®Co activity at
187,088.121 Ci on 6 June 1995. For fish production study, it is needed to change the wet sludge to dry
powder form by Rotadics dryer, type Stord TST 3.4 C, Stord (Thailand) Co. Ltd., at the maximum
capacity of 15 T/24 h. The moisture content of finished product is at 8-10%. Fish control diet was
then replaced at 60% by weight with irradiated and dried sludge to become as test diet.

Nile tilapia, Oreochromis niloticus (Linn.), fingerlings averaging 0.67 g. in body weight was
stocked into earthem ponds of 400 square meters at the density of 5 fishes per square meter. Fish was
fed with two diets, control diet and test diet, for 154 days. There is no statistical differences in
specific growth rate, quality of the fish flesh (Cd and Pb concentration, edible portion and off flavor)
and pond water quality. Survival rate and feed conversion efficiency of the fish fed test diet are higher
than control diet (P < 0.05). Replacement of irradiated sludge can decrease the cost offish production
and results in better benefit than that of control diet.

1. INTRODUCTION

Nile tilapia, Oreochromis niloticus, (Linn.), is the popular fish for feeding all over the
world, due to its high tolerance to the environmental condition, easy breeding, and rapid
growth. In Thailand, the price of this fish is cheap, so the farmer needs to reduce the cost of
feeding. One of the acceptable way is to decrease the cost of fish feed, which was recognised
as main cost of production by using good quality feed but lower cost.
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The result from using irradiated undigested aerobic sludge from beer industry as feed
for Nile tilapia in fiber glass containner showed that the sludge had enough nutritive value for
fish feed by using 60% sludge replacing other ingredients. Fish fed with this rate of sludge
gave the same rate of growth as the control diet [1]. Therefore, it is interesting to study the
economic feasibility of commercial feeding Nile tilapia in conventional grow-out earthern
ponds.

The purpose of this study was to compare results between feeding Nile tilapia with
control diets without sludge, and test diet with 60% irradiated and dried sludge, on the
following of (1) growth (2) survival rate (3) food efficiency (4) cost of feed and benefit (5)
flesh quality (6) water quality in pond (7) microbial disinfection of sludge at commercial
irradiation.

2. MATERIALS AND METHODS

2.1. Sludge

Undigested aerobic sludge from beer industry were transported to Thai Irradiation
Center (TIC) of the Office of Atomic Energy for Peace (OAEP) which is located at Rangsit
Klong 5, Patumtani province at 10 tons by dump truck. Sludge was packed in used 200 L. oil
drums with the lids on and transported to irradiation room by folk-lift. The gamma irradiator,
carier type, model JS-8900, the activity was 183,423.65 Ci on 31 July 1995. The sludge was
irradiated at the dose of 3.32 kGy. After irradiation, The sludge was then dried at commercial
scale by using commercial dryer, Stord Rotadisc TST 3.4c, stord (Thailand) Co. Ltd.,
maximum capacity at 15 t/d. The sludge was dried at Rare Earth Research and Development
Center, Rangsit Klong 5, Patumtani. The sludge, both before and after irradiation, were
examined for total bacterial count, MPN of coliform, faecal coliform and Escherichia coli
using APHA [2]. The moisture content of dried powdery sludge was also examined by AOAC
[3].

2.2. Experimental fish

Six thousand four hundred Nile tilapia fry, averaging 0.67 g. in body weight, were
allowed to adjust themselve to the feeding condition for 2 weeks before starting the
experiment.

2.3. Experimental pond

Eight 400 m2 earthern ponds at Kasetsart University, Aguaculture Department, were
adjusted for pH at the same suitable range by adding lime and left sun-dried for 2 weeks.
Water was then filled through sieve until the water level in each pond was at 1.5 m.

2.4. Experimental diet

The control diet without sludge was modified by using the formular of Linn [4]
recommended for feeding of Nile tilapia in the earthern pond. The test diet contained 40%
control diet and 60% irradiated dried powdery sludge from beer factory. The thorough
mixture was then pelletized as 2 mm. diameter pellet for feeding of 1-10 g fish, and 4 mm
diameter pellet for fish weight more than 100 g ingredients used, the cost and nutritive value
of diet are shown in table I.
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TABLE 1. INGREDIENT COMPOSITION, PRICE AND NUTRITIVE VALUE OF
EXPERIMENTAL DIETS

Ingredient
Price/

Nutritive value
Ingredient

Fish meal
Soybean meal
Broken rice
Vegetable oil
Dicalcium phosphate
Vitamin premixl
Mineral premix^
Sludge

Total
Average
Nutritive value

Protein (%)
Fat (%)
Carbohydrate (%)
Ash (%)
Energy (kcal/kg)

Price/kg
(USD)4

0.54
0.33
0.25
0.01
0.51
3.75
0.51

0.323

Diet without

Quantity
(kg)

12
43

38.6
1.9
2
2

0.5
0

100
1

26.3
2.7

48.3
13.5

3,104

sludge

Price
(USD)4

6.54
14.35
9.47
2.20
1.02
7.49
0.26

0

41.33
0.41

Diet with sludge

Quantity
(kg)

4.8
17.2
15.5
0.7
0.8
0.8
0.2
60

100
1

34.7
2.4
35.7
20.7
3,013

Price
(USD)*

2.62
5.74
3.80
0.81
0.41
3.00
0.10
19.25

35.73
0.36

1. Contains (per kg): Vitamins D3 150,000 IU, E 5,000 mg, B, 900 mg, B,2 7.5 mg, K 500 mg,
2. C 15,000 mg, Niacin 5,000 mg., Inositol 5,000 mg, Folic acid 100 mg,

Choline chloride 75,000 mg.
3. Contains (per kg): Mn 5.4 g., Fe 14.2 g., Cu 1 g., Zn 2.9 g., Na 3.3 g., 1 19 mg., K 0.9 mg,

Co 1.1 mg.
4. Based on a capacity of sludge irradiation at 10 tons of sludge per day at TIC, OAEP.

USD = 29.36 bahts (Thai currency)

2.5. Stocking and Feeding

Nile tilapia fry was stocked in earthern pond at 800 fishes per 1 pond, two times of
feeding were done at 9 am and 4 pm at 5% offish weight per day for 1-20 g fish, and at 3% of
fish weight per day for more than 20 g. The fish was fed everyday for 5 months except on the
day for sampling. The sampling which was scheduled at 1 month interval.

2.6. Data Collecting and Analysis

Sampled fish from every experimental pond were weighed every month for the
adjustment of feeding rate. After the end of experiment, all fish in every pond were counted
and weighed. The data were determined on (1) growth (2) survival rate (3) food efficiency and
(4) benefit cost ratio [5].

The analysis of heavy metal contents in fish flesh (Cd, Pb), both before and after the
feeding, was determined using to find the toxicity in fish flesh [6]. The other determinations
were done using Lovells methods [7].

The analysis of water quality in the experimental pond was conducted at one week
interval at 9 am. The quality index analysed were (1) temperature (2) pH (3) DO, alkalinity,
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hardness, N02 , H2S using APHA [2] and (4) total NH3 using the technique described by
Grasshoff [8]. The analysis of variance followed by Duncan's new multiple range test for
comparison among treatment mean [9].

3. RESULTS AND DISCUSSION

3.1. Disinfection and drying of sludge

The disinfection effect of aerobic undigested sludge at commercial scale at the dose of
3.32 kGy could reduce the microbial load. The total bacterial count, MPN of conform, faecal
coliform and E coli of non-irradiated sludge were at 6.50 x 108 cfu/g 6.40 x 106, 2.10 x 105

and 7.50 x 10J MPN/100 ml respectively. After irradiation at 3.32 kGy, total bacterial count,
MPN of coliform, were at 9.50 x 105 cfu/g and 9.30 x 103 MPN/100 ml. respectively. Faecal
coliform and E coli could not be detected. It showed that sludge irradiation at commercial
scale at 3.32 kGy could reduce 3 log each of total bacterial count and MPN of coliform. No
detection of faecal coliform and E coli which are faecal contamination index from mammals.
Therefore, gamma radiation at 3.32 kGy could eliminate enteric pathogen in sludge. However,
this dose of gamma radiation could eliminate Ascaris suum egg at the amount of 104 eggs/g of
sludge [10]. According to the standard process of diet production, this irradiated sludge
needed to dry for mixing with other necessary ingredients of diet by using commercial dryer.
The moisture content of dried powdery sludge was at the range of 8-10%.

3.2. Fish feeding

3.2.1. Weight gained

Table I shows ingredient composition, price and nutritive value of experimental diets.
Diet without sludge contained 26.3% proteins, which was the same level as reccommended
(20-25%) for suitable feeding Nile tilapia in earthern pond[l 1]. Diet with sludge contained
34.7% protein which was mostly coming from sludge. Sludge protein contained low level of
surfur-containing amino acids, especially methionine and cysteine [12]. Moreover, some part
of protein in sewage sludge from wastewater treatment plant came from naturally organic
matter during digestion processes. It included microbial cell wall which was difficult for
animal digestion [13-15]. This then limited fish from utilisation of sludge in the diet even
having high prorein level. However, fish could utilise diet with sludge better than without one.
From the result, sludge diet showed food efficiency at satisfactory level and higher than diet
without sludge (P < 0.05). And fish feeding with sludge added diet gained more weight,
eventhough no statistically significant difference (P > 0.05).

3.2.2. Survival rate

Table II shows weight gain, survival rate, food efficiency and benefit from feeding
Nile tilapia with experimental diets for five months. Fish feeding with sludge added diet
showed better survival rate than without sludge added diet (P < 0.05). This is mostly in
agreement with the study of feeding Nile tilapia with and without irradiated sludge added
diets at the same rate in fiber glass container [1]. Survival rate difference may be caused by
microbial disinfection by gamma radiation at 0.29, 2.93 and 3.26 kGy which was reported to
eliminate Aeromonas hydrophila, fish disease, and Listeria monocytogenes, serious hazard
food poisoning to human, and Enterobacteriaceae at 109, 107 cfu/g and 4-8 log respectively
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TABLE II. WEIGHT GAIN, SURVIVAL RATE, FOOD EFFICIENCY AND BENEFIT FROM
FEEDING NILE TILAPIA WITH EXPERIMENTAL DIETS FOR FIVE MONTHS

Diet

Without
Sludge

With
Sludge

Replicate

1
2
3
4

Average
1
2
3
4

Average

Average
weight gain1

(g)

226.58
228.36
252.08
228.89
233.98a

237.96
239.08
214.44
233.55
238.00a

Survival
rate1

(%)
69.4
71.9
72.1
69.3
71.2a
95.5
73.8
86.0
99.8
87.4b

Food
efficiency1

0.48
0.48
0.56
0.41
0.48a
0.69
0.53
0.59
0.67

0.63b

Benefit2

0.87
0.87
1.01
0.74
0.87
1.45
1.11
1.24
1.41
1.30

1. Averages in the same column with common superscripts are not different at P > 0.05.
2. Ratio between fish saling price and cost of feed used. Fish price at Bangkok Central
Market (1996) at harvesting day is 0.75 USD per kg. (1 USD = 29.336 baht, Thai currency).

[16-19]. Radiation could eliminate the contaminated microorganism which caused some
disease in sludge added diet. Moreover, sludge itself contained many essential vitamin
especially those soluble in water [20], which are needed more by fry or fingerlings in
particular at early stocking stage for rapid growth. However, this explanation has not been
cleared and needed more study.

TABLE III. FLESH QUALITY OF NILE TILAPIA FED EXPERIMENTAL
DIETS FOR FIVE MONTHS

Diet

Without
Sludge

With
Sludge

Replicate

1
2
3
4

Average
1
2
3
4

Average

Edible
portion 1

(%)

47.1
46.6
46.2
47.0
46.7a

44.9
47.3
44.7
48.1
46.2a

Muddy flavor
sensory score
offish flesh1'2

1.8
2.5
2.5
2.9
2.4a
2.4
5.8
3.3
3.5

3.8a

Quantity
in fish flesh

Pb

0.2859
03073
0.3707
0.7221
0.4215
0.1589
0.1237
0.3407
0.4746
0.2828

found
(ppm)3

Cd

0.0128
0.0071
0.0317
0.0037
0.0138
0.0024
0.0043
0.0043
0.0037
0.0036

1. Averages in the same column with common superscripts are not different at P > 0.05
2. Evaluation by 10 panelists : scores 1-2 no flavor; 3-4 little flavor; 5-6 mild flavor;

strong flavor; 9-10 very strong flavor.
3. Before feeding, fish carcass contains Pb 1.3274 ppm and Cd 0.1075 ppm.
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TABLE IV. QUALITY OF WATER IN PONDS USED-TOR FEEDING NILE TILAPIA WITH
EXPERIMENTAL DIETS FOR FIVE MONTHS

Water quality Levels (min-max) found in ponds receiving diets1

pH
Dissolved oxygen (ppm)
Hardness (ppm)
Alkalinity (ppm)
Total ammonia (ppm)
Nitrite (ppm)
Hydrogen sulfide (ppm)

Without sludge
6.8-7.7
1.9-4.8

184.5-327.5
122.0-223.5
0.041-0.345
0.002-0.027
0.024-0.178

With sludge
7.0-7.8
2.0-4.8

176.0-330.0
120.5-199.5
0.029-0.344
0.006-0.033
0.006-0.169

Values are averages from four replicates. Water temperatures in ponds receiving diets with and without
sludge throughout the feeding trial were similar with a minimum and maximum value of 25.5 and 31.1°C,
respectively.

3.2.3. Benefit cost ratio

Nile tilapia fed with sludge added diet gained more benefit than without sludge diet.
Fish fed sludge diet gained 30% higher than diet cost, while fish fed diet without sludge lost
13% lower than diet cost. To produce 1 kg offish, using diet with sludge gained 0.18 USD
but lost 0.11 USD on without sludge treatment.

3.2.4. Flesh quality

The result of flesh quality of fish fed diets with and without sludge is shown in table
III. The percentages of flesh quality occurred are mostly the same. Pb was found in fish flesh
after the experiment was higher than Cd. Pb and Cd found in flesh feeding with diet added
sludge showed lower concentration than without sludge. Both Pb and Cd found in flesh after
the experiment revealed lower concentrations than before the experiment. These results were
contradict to the increase of 10 times Pb and 2 times Cd in liver and kidney of cattle fed with
diet added sludge [21,22]. The reason might be concerning to the more efficient mechanism of
toxic release in fish than in cattle. Moreover, liver ^nd kidney might be naturally more
efficient deposit of toxic substance than other tissue.

3.2.5. Sensory evaluation

The panelists evaluating muddy flavor between the flesh of fish fed diets with and
without sludge showed mostly the same result and could detect a little smell. The muddy
flavor came from geosmin compound produced by fungi and blue green algae which growed
rapidly in water with high concentration of minerals especially in earthern pond with a lot of
feed residues [23,24]. It were reported that muddy flavor in channel catfish flesh did not
directly come from diet, but it might came from environmental changes [25,26].

3.2.6. Water quality

Water quality resulted in Nile tilapia pond receiving diets with and without sludge
were mostly the same (table IV). They were suitable for fish grown in earthern pond [27]. The
lowest concentration of DO was found during the short period of time, so it is not seriously
harmful to the fish.
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4. CONCLUSIONS •

The irradiation of sludge from wastewater treatment plant of beer factory at
commercial scale with 3.32 kGy is enough to eliminate enteropathogenic bacteria to man and
animal. It is suitable for using as protein source for Nile tilapia diet, at the rate of 60% of
standard diet. The fish flesh is in good quality for consumption. The sensory evaluation of the
fish flesh was performed and no muddy flavor was detected. The water quality in the pond is
still in good condition.

It can be summarized that irradiated sludge at commercial scale with 3.32 kGy is
suitable for recycling as fish feed. This can solve the problem of lacking of raw material for
animal feed, such as soy bean waste, that have to be imported. The utilisation of irradiated
sludge is also beneficial in environmental protection. Sludge is by product from wastewater
treatment plant and recognised as waste which needed the appropriate management to cope its
expanding problem in the future. According to the Bangkok Metropolitan Authority's project
on wastewater treatment plant covering the central Bangkok area is under construction. The
large volume of sludge is expected from the above mentioned project. Therefore, the recycling
of sludge as fish feed to be as new resources is one of the promising alternative management
of sludge.

ACKNOWLEDGEMENTS

This research was supported financially by the Office of Atomic Energy for Peace.
The authors would like to thank the Boon Rawd Brewery Co., Ltd., for providing the sludge
from beer factory and Stord (Thailand) Co., Ltd. for providing the commercial dryer and also
drying sludge preparation. Specially thanks to Mr. Anan Yuthamanop for his kindly
permission of drying sludge operation and also Mr. Chouvana Rodthongkom for his kindly
providing sludge drying bed. The authors are grateful to Mr. Somdech Buranaphan for typing
the manuscript.

REFERENCES

[ 1 ] CHUAPOEHUK, W., PIADANG, S., Feasibility of Feeding Nile Tilapia with
Irradiated Brewery Activated Sludge, Annual Report 1996, Biological Science Division,
Office of Atomic Energy for Peace, Bangkok (1996).
[2] APHA-A WWA-WPCF, Standard Methods for the Examination of Water and
Wastewater , 16th ed., Washington , DC (1985) 1268 pp.
[3] AOAC, Official Methods of Analysis, 15th ed., Virginia (1990) 684 pp.
[4] LINN, C , Practical Feeding - Tilapias, In Nutrition and Feeding of Fish, Van
Nostrand Reinhold, New York (1987) 163-183.
[5] CHAMCHONG, C , Principles of Farm Management. Odienstore Publisher, Bangkok
(1993)391 pp (in Thai).
[6] DAZIEL, J. and BAKER, C, Analytical Methods for Measuring Metals by Atomic
Absorption Spectrophotometry, FAO Fish Tech. Pap. 212 (1983) 14-20.
[7] LOVELL, R.T., Laboratory Manual for Fish Feed Analysis and Fish Nutrition Studies,
Department of Fisheries and Allied Aquacultures International Center for Aquaculture,
Auburn Univ. (1981) 65 pp.
[8] GRASSHOFF, K., Methods for Seawater Analysis, Verlag Chemie, New York (1976)
317 pp.

309



[9] SNEDECOR, G. W. and COCHRAN, W.G.,-Statistical Methods, Iowa State
Univ.Press, Ames, IA (1971) 593 pp.
[10] PIADANG, S., KEITTIVUTI, A. and WONGSUBAN, S., Radiation Elimination of
Ascaris suum in sludge (in print).
[11] LOVELL, R.T., Feeding tilapias, Aquaculture 51 (1980) 133-142.
[12] TACON, A. G. J., Activated Sewage Sludge, a Potential Animal Feed Stuff. II.
Nutritional Characteristics, Agric. Env. 4 (1979) 271-279.
[13] GOTO, I. And MASUDA, Y., Utilization of Brewery's Activated Sludge for Animal
Feed. I. Digestibility as Poultry Feed and Effect on Growth of Chickens, Sci. Bull. Fac. Agr.,
Kyushu Univ. 28 (1974 a) 115-118.
[14] GOTO, I. And MASUDA, Y., Utilization of Brewery's Activated Sludge for Animal
Feed. II. Availability as a Protein Source of Feed for Laying Hens, Sci. Bull. Fac. Agr.,
Kyushu Univ. 28 (1974b) 151-155.
[15] BEAUDUIN, J., SHIRLEY, R.I. and HAMMEL, D.L., Effect of Sewage Sludge Diets
Fed Swine on Nutrient Digestibility, Reproduction, Growth and Minerals in Tissues, J.
Anim. Sci. 43 (1980) 33. (Abstr.).
[16] PIADANG, S., "Gamma Irradiation of Pathogenic Microorganism to Fish in Sludge
from Wastewater Treatment lant of Food Factory",(Proc. Ann. Conf. Bangkok, 1991), the
Engineering Institute of Thailand, Bangkok, (1991a) 147-158.
[17] PIADANG, S., Disinfection of Listeria monocytogenes in Sludge from Food
Factories, Food. 21 3 (1991b) 182-189.
[18] HESS, E. and BREER, C , "Sanitary Effect of Gamma Irradiation on Sewage Sludge",
Radiation for A Clean Environment (Proc. Int. Symp. Munich, 1975) IAEA, Vienna (1975)
203-208.
[19] WIZIGMANN, I. AND WURSCHING., "Experience with a Pilot Plant for the
Irradiation of Sewage Sludge", Radiation for A Clean Environment(Proc. Int. Symp.
Munich, 1975) IAEA, Vienna (1975) 477-484.
[20] VRIENS, L., NIHOUL, R. and VERACHTERT, H., Activated Sludges as Animal
feed : A Review, Biological Wastes 27 (1989)161-207.
[21 ] KIENHOL, E. W., WARD, G.M. AND JOHNSON, D.E., Sewage Sludge Metals in
Cattle Tissues, J. Anim. Sci. 43 (1976) 230. (Abstr.).
[22] BAXTER, J.C. et.al., Heavy Metal Retention in Cattle Tissues from Ingestion of
Sewage Sludge, Environ. Qual. 11 (1982) 616-620.
[23] LOVELL, R.T. and S ACKE Y, L.A., Absorption by Channel Catfish of Earthy-Musty
Flavor Compounds Synthesized by Culture of Blue-Green Algae, Trans. Am. Fish. Soc. 102
(1973)774-777.
[24] LOVELL.R.T., Off flavor in Pond-Raised Catfish. Highlights Agricul., Res. 26 2
(1979)5.
[25] PERSSON. P.E., Sensory Property and Analysis of Two Muddy Odour Compounds,
Geosmin and 2-Methylisoborneol in Water and Fish, Water Res. 14 (1980)1113-1118.
[26] JOHNSON. P.B., Factors Influencing the Flavor Quality of Farmraised Catfish, Food
Technology 143 1 (1989) 94-97.
[27] KEE, Me, and WOLF, H.W., Water Quality Criteria, The Resources Agency of
California California (1971) 547 pp.

310


