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Abstract

The Argentine Sewage Sludge Irradiation Project, conceived by CNEA in 1992,
decided the construction of an industrial-scale irradiation plant for disinfection of liquid
sludges coming from a sewerage treatment plant and their recycling as fertilizers. This
Plant is being constructed and installed in Tucuman City in an agricultural zone of
Northwestern Argentina. It is based on a gamma radiation process by batches of six cubic
meters and using Argentine made Cobalt-60 sources. The feasibility studies on the
Tucuman's Sewage Treatment Plant sludges involves: Technical parameters and chemical
characterization of the sludges; Microbiological test to verify disinfection by irradiation;
Toxic elements evaluation, both inorganic elements (heavy metals) and organic
compounds (pesticide traces). These pollutant concentrations should meet the criteria set
by the environment regulations. Many of these experiments have been conducted within
two Research Coordinated Programmes organized by the IAEA and the Joint FAO/IAEA
Division. Another important aspect is the bioavailability of soil nutrients (N and P) from
the sludges: it will determine the real economic value of sludges as fertilizers. Further
studies on the behaviour of toxic elements accumulation on soil and plants, and also the
capability of sludges to improve soil properties, will lead to the environment impact
assessment of the application on land.

1. Introduction

Urban sewage treatment plants produce large amounts of semi-solid sludge.

When dumping them into the sea is not a possible solution, the accumulation on land

without any treatment, implies a public health hazard.

The radiation treatment is a reliable method of disinfection to eliminate

pathogen microorganisms in the sludges, and therefore to protect the public health,

thus allowing the re-use in agricultural land [12]. Costly technologies such as a gamma

irradiation facility only becomes an option if a profitable use can be found for irradiated

sludge, apart from the sanitary conditions improvement.
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The CNEA opted to address the problem^ by a commercial scale irradiation

project for the Tucuman case. This city lies inland by a mountain river which goes dry in

winter; its climate is warm. There is a high incidence of hydric transmission diseases.

Agriculture is the main economic activity. Sugarcane crop covers 80% of the cultivated

area; there is practically no other industry except for the sugar industry near the city.

This fact presents a great advantage due to the minimum contribution of heavy metals

coming from the dumped industrial wastes. Another advantage is that the irradiated

sludge application zone is located next to the plant, thus minimizing the transport costs.

The feasibility studies on the sludges should proved their safe re-use from the

public health point of view; and will help to encourage farmers to replace chemical

fertilizers with irradiated sludges.

2. Technical parameters and chemical characterization of sludges.

Nowadays the sewarage served population is about 400,000 inhabitants in

Tucuman, although the network is being enlarged. The conventional plant consists of a

primary treatment of the wastewaters; the clarified liquid effluents are dumped into the

Sali River, after chlorination. The collected sludges, after concentration, are stabilized

by anaerobic digesters. Nowadays, the digested sludges are dumped into sandy drying

beds until completely dried. When the Irradiation Plant is operating the digested

sludges will go directly into the plant.

Influent wastewaters: 80000 m3/day
0.02 % suspended solids

Clarifiers 0
Settled sludges:

Concentrat.

1600 m3/day
1% s.s.

Digesters

Concentrated sludges: 300 m /day
5% s.s.

U
Digested sludges: 140 m3/day

8% s.s.

\RRADIATOR
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The design parameters of the Irradiation Plant are suitable to treat all the
amount of sludges, producing an annual treated volume of 46,600 m3.

Design parameters of the Irradiation Plant

Building area:
Irradiator tank capacity:
Irradiator tank diameter:
Concrete shielding thickness:
Maximum activity charge:
Source unit activity:
Absorbed dose (proposed):
Irradiation time:
Recirculation cycles/batch:
Maximum irradiation capacity:
Available sludge to irradiate:
Annual treated volume:

200 m'
6 m3

1.60 m
1.5 m
700,000 Ci
7,000 Ci
3kGy
30min
40 times
200 m3/day
140 m3/day
46,600 m3

Chemical Characterization of the sludges: (Table 1).

TABLE 1. Chemical characterization of liquid sludges

Total solids (%)

% Volatile Solids

PH

B.O.D. (g/l)

C.O.D. (g/l)

CaCO3 (g/l)

Total Kjeldahl N (g/l)

Ammonium N (g/l)

Phosphorus (g/l)

Raw Sludges
Mean Range

7.5

67

5.68

57.5

76.7

1.7

1.92

0.27

0.27

5.4-9.8

64-69

5.51-5.98

33.0-65.0

50.9-88.7

1.1-2.4

1.51-2.3

0.22-0.33

0.20-0.29

Digested Sludges
Mean Range

8.1

41

7.45

12.5

56.7

4.7

2.25

0.85

0.26

7.2-10.5

38-55

7.02-7.88

5.0-17.5

53.1-60.4

3.6-6.6

2.06-2.60

0.69-1.04

0.20-0.30

The anaerobically digested sludges are quite stabilized if they are compared to

the raw sludges. Evidently the required irradiation dose should be lower for the

digested sludges, as it will be shown in the next point, and then they are preferable as
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far as possible for the irradiation project. Odor is also controlled in digested sludges

thus facilitating the treatment acceptance from the public and the staff.

The principal nutrients concentrations (N and P) are reported within the chemical

characterization. Mainly N is important for the application zone where only Nitrogen

fertilizers are used. Total N concentration in sludges varies from 2.8% to 3.0% dry

matter basis.

Nevertheless, the real equivalence between sludges and chemical fertilizers will

be assessed by the N bioavailability that will result from several annual field

experiments which are being carried out.

3. Microbiological tests.

The first point to address in a commercial-scale project is to prove that irradiated

sewage sludge is safe, from a public health point of view, for its use in crop production.

The environment legislation in Argentina does not include specifically limits for sewage

sludges to be used in food crop fertilization. Thus, the prevailing limitations in other

countries are observed; mostly the U.S.E.P.A. (Environment Protection Agency of

U.S.A.) regulations, in both microbiological and chemical limitations.

Concerning pathogen microorganisms, those limitations are described for

bacteria, helminth ova and viruses. (Protozoa and helminth organisms are eliminated

during the wastewater treatment). The use in eatable crop production requires that the

sewage sludges contain:

fecal conforms: less than 1000 Most Probable Number per gram of total solids.

viable helminth ova: less than 1 per 4 grams of total solids.

enteric viruses: less than 1 Plaque-forming Unit per 4 grams of total solids.

Fecal coliform bacteria as well as helminth ova and enteric viruses are

considered as "indicators" of human fecal contamination.

Microbiological analyses on liquid raw and digested sludges were carried out

after experimental irradiations with several absorbed doses at the Semi-Industrial
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Irradiation Plant of the Ezeiza Atomic Center, while the Sewage Sludge Irradiation Plant

of Tucuman is under construction.

Total and fecal coiiform bacteria were analyzed by the Multiple-tube

Fermentation Technique f4]. The geometric averages of three different experiments

showed that an absorbed dose of 2 kGy causes a reduction of more than 4 logarithmic

scales in fecal coiiform density in raw sludges (106to 102), and more than 2 logarithmic

scales (104to 102) in digested sludges, depending on the initial bacterial density. In

every case the results showed that 2 kGy is the dose enough to meet the law criteria

concerning bacteria limits. As it was also expected, the identification analyses for

several pathogenic bacteria resulted to be negative with an irradiation treatment of at

least 2 kGy.

Microbiological controls were accomplished on sugarcane field experiments in

Tucuman. The experiment design includes treatments with 3 different rates of non

irradiated sludges and the same rates with irradiated sludges, plus the control

treatment without sludge, and 4 replicates for each treatment. Total and fecal coliforms

were analyzed in MPN/g of soil samples from every treatment. Both coiiform group

densities were higher in soils with non irradiated sludge as it was expected. But what is

important to point out is that fecal coiiform density in the soil fertilized with irradiated

sludge was equal to control soils, and that there was absence of pathogenic bacteria.

Concerning parasite contamination, the Ascaris ova are considered the indicator

organism, mainly because of its survival time in soils that is reported to reach up to 7

years. An important reduction of ova is caused by the digestion treatment, previously

to the irradiation. Only a few of these eggs were observed in liquid digested sludges

samples and they became not viable with an irradiation dose of 2 kGy or less. That

means that anyway the irradiation treatment fulfils regulations.

Virus inactivation: Although a dose of 2 kGy causes satisfactory elimination of

bacteria and parasite ova, the proposed dose for the Irradiation Plant has to be

increased to at least 3 kGy because of the viruses inactivation requirements. The
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MPN/gram
100,000

10,000

1,000

100

Total Colif.
Fecal Colif.

Non-lrradiat. Sludge

110,000
1,600

Irradiated Sludge

4,400

Fig.1: Total and Fecal Coliform Bacteria
in sludges used in field experiments.

100,000
MPN/gram

Total Colif.
Fecal Colif.
Pathogens

With Non-lrr.Sludge With Irrad.Sludge

2.750 41.300 45,000 88,500 2.100 4,600 9.700
57 366 655 852 84 42 44

7 8 5

Fig.2: Total and Fecal Coliform Bacteria
in the fertilized soils.
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enteric viruses were analyzed in irradiated and noh irradiated digested sludge samples.

Repeated experiments demonstrated that there was some viruses activity still in

samples irradiated with 3 kGy. However, the viruses quantifications could not been

accomplished and thus, it is not certainly determined if the dose will be satisfactory

concerning to this topic.

4. Toxic elements.

As the irradiation treatment has no effect on the inorganic toxics (heavy

metals) present in the sludges, they are the primary limitation for the agriculture re-use.

Some of them are micronutrients and become fitotoxics when their concentration in the

soil reaches certain level. The trend is to evaluate metals concentrations in the sludge

amended soil samples. After two years of annual experimental fertilizations, we have

not yet detected significant differences in the concentrations of metals in the soils

fertilized with sewage sludges compared to soil control.

The analyses of the liquid sludge samples made once a month throughout a

year are shown in Table 2. The extractions were made in Aqua Regia151 and the

detections by Atomic Absorption Spectrometry. The results are compared to EPA

ceiling limits, and the years of application, free of toxic effect, are estimated on the

basis of the Maximum Cumulative Loading Rate given by EPA, and assuming an

application rate of 10 ton/ha/year. Many years in results lead us to the conclusion that

there is nothing to be concern about the toxic element. Apparently, lead is the only

element that has to be under control in the Tucuman's sludges case.

A large number of organic compounds, like organochlorinated and

organophosphorated pesticides, PCB's, herbicides, etc. might be expected within the

sewage sludge chemical contents. Fortunately, the amount of time they remain in the

soil is variable due to many factors: volatilization, biotic degradation, photolisis, etc.

Only a few of them have been detected in monthly samples during a year. They were
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TABLE 2. Inorganic toxics

Element

As

Cd

Cr

Cu

Hg

Ni

Pb

Se

Zn

EPA Limit Concent
(mg/kg) *1

75

85

3000

4300

57

420

840

100

7500

Concentration in
sludges (mg/kg) *1

5.7

1.2

13

215

0.3*3

12

354

1

990

years of applied

720

3250

23000

697

-

3500

85

10000

283

*1 Dry matter basis.

*2 "Years of sludge application without toxic effects"= Maximum Cummulative Loading

Rate / Pollutant Loading Rate

*3 Hg could not been analyzed by AAS. The result was obtained by chemical method

in liquid samples.

TABLE 3. Organic toxics

Component

Lindane
Heptachlor
Endosulfan
Dicofol
Chlorpyrifos
Dimetoato
Malathion
Ethion
Parathion
Phenitrotion
ppDDT
Aldrin
Chlordene
2,4, Dphenoxiacid

Frequency*

1/10
1/10
0/10
0/10
8/10
0/10
0/10
0/10
0/10
0/10
0/10
0/10
1/10
1/10

Mean

0.01 ppm
0.125 ppm

-
-

0.026 ppm
-
-
-
-
-
-
-

0.1 ppm
0.1 ppm

Range

-
-
-
-

(0.01-0.04) ppm
-
-
-
-
-
-
-
-
-

* Tests number with any detected datum/ total number of tests.
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tested by screening in Gas Cromatography comparing them with the most

commercialized pesticides in the country, including some of those already out of use or

forbidden by law. The almost permanent detection of Chlorpyrifos, component of one

of the mostly used insecticides, does not seem to be a serious problem due to its low

concentration level and its probable decomposition in the soil.

5. Conclusions

The Irradiation Technology for sludges has been well tested. Nevertheless, the

feasibility of agriculture re-use depends on proper characteristics of the sludges and

also on some other factors: fertilizer demand, soil characteristics, farmer habits, etc.

The CNEA has considered several factors for the decision of the Sewage

Sludge Irradiation Plant in the Tucuman City, 1300 km away from Buenos Aires. In

addition to the sanitary conditions improvement, a profitable use should be found for

the irradiated sludges.

The first step, the feasibility studies have been accomplished. Further

evaluations of long-term field experiments should lead to assess the limitation of the

land application.

The Plant has been projected on a commercial scale and the technological and

economic evaluations are being conscientiously carried out, taking into account that the

irradiated sludges will contribute to the agroeconomic activity of the community.
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