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Abstract

There can be harmful effects of sewage-sludge utilization in agriculture. However, these can be overcome by
treatment of the sludge and by appropriate farm-management practices. Sewage sludge is of increasing potential importance
to fanners because of its value as a fertilizer. But some compounds in sludge can be harmful for plants, animals and man.
Heavy metals may be taken up by plants, and the higher the content in the soil, the greater the uptake. There are substantial
differences in heavy-metal accumulation and tolerance among plant species. With respect to pathogens (for example
Salmonella) in sludge, recent developments in decontamination processes can provide greater guarantee of preservation of
the environment. Gamma-radiation treatment at a dose of 3 kGy has been proven effective. The use of sewage sludge in
agriculture is attractive from the economical and environmental points of view. It is therefore important that farmers are
provided not only with more information about the nutrient effects, but also about risks, if any, of leaching of heavy metals
and microbial contamination to groundwater. To achieve this, there must be close co-operation between farmers and the
authorities responsible for disposal of sewage sludge.

1. INTRODUCTION

In 1989, the Ministry of Agriculture of the Federal Republic of Germany announced that

cultivation of arable land should deliver unpolluted agricultural products of high nutritional quality.

An ordinance established limits for microbial pathogens and heavy metals in sewage sludge, to

eliminate risk of soil contamination and danger to public health.

Within a co-ordinated program organized by the Federal Ministry of Research and

Technology, nine German institutes dealing with soil science, plant production and soil biology

worked together for several years, investigating the effects of long-term sewage-sludge application.

The behaviour of heavy metals was followed in 14 field trials and pot experiments over 4 years, using

13 plant species. The results of these experiments are summarized here.

2. HARMFUL EFFECTS OF SEWAGE SLUDGE APPLIED TO SOIL

Before sewage sludge can be applied to agricultural soil, determination of heavy-metal content

is necessary. Soil analyses have to be repeated after 10 years, and sewage-sludge analyses twice a

year. The guidelines of the German sewage-sludge ordinance are in Table I. By taking into account

the natural concentrations of heavy metals in the soil in conjunction with the amounts of sewage sludge

added (51 dry matter/3 years/ha), uptake by plants and other losses, it is possible to calculate the time

required to reach limits set by law, as shown in Table II. The time period over which sewage sludge

can be applied before limits are reached can be hundreds of years. It must be mentioned that during

this time the soil is not considered to be contaminated, and the farmer continues to produce crops

without concern over safety and quality. The land area on which sewage sludge is used in Germany

is relatively small. Even if all sewage sludge in Germany were used in agriculture, it would cover

only 7% of the arable land.
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Sludge also contains organic pollutants, such as the polychlorinated biphenyls (PCBs), dioxins

and furanes depending on the origin of the sewage [1]. At present there are no limits set for the levels

of such organic chemicals in soil. Many trials have indicated that uptake of xenobiotic compounds by

plants is small. But such investigations are plagued by difficulties, with results dependent on many and

varied factors. In one case, a farmer applied sewage sludge for more than 30 years, with little effect

on the soil and no dioxins or furanes found in food or milk. Another farmer with similar conditions

showed increased concentrations of dioxin and furane in milk by a factor of three, and of PCBs by

a factor of 2.3; these values were confirmed by hay analyses. These results indicate that farm-

management methods are important. Because organic pollutants are increasingly important these days,

it is necessary to monitor their accumulation in soil/plant/animal systems.

3. HARMFUL EFFECTS OF SEWAGE SLUDGE ON PLANTS

Heavy metals and organic pollutants are not readily translocated in soil. Concentrations may

increase due to sewage-sludge application and they may be taken up by plants. In 1986, the German

authorities (Bundesgesundheitsamt) fixed tolerance limits for agricultural and horticultural crops in

order to assess heavy-metal problems with respect to some elements (Figs. 1 and 2).

The experiments showed that heavy metals are taken up by plants, depending on soil

conditions, concentration in the soil, plant species and variety, and fertilization. The concentrations

in plants differed from year to year and were negatively correlated with rainfall [2]. A relatively high

pH and uniform rainfall-distribution minimized uptake.

No vegetable species showed high uptake of all heavy metals, and in no case did accumulation

reach toxic levels. Celery is more sensitive to chromium and copper whereas carrot takes up more

cadmium, chromium and copper (Table III, Fig. 1), and leeks use more chromium, copper and zinc.

Different plant species accumulated heavy metals to different extents [2].

Because it is considered to be the most critical element, the impact only of cadmium is

considered in detail here. Large species differences were found for cadmium uptake (Fig. 1). The

relative affinity of some plant species for Cd differed according to whether the range of concentrations

was 0.0-0.3 ppm or up to 7.0-7.5 ppm, although clear trends were found in wheat, oats, gather salad

and celery. It is likely that some vegetable species reacted more to diverse soil conditions than to

different heavy-metal contamination. For cadmium, a maximum of 10% of the amount applied was

taken up in a 10-year rotation, and for zinc the figure was 15 %. The other heavy metals showed very

low levels of uptake.

The total content of a substance in soil can seldom be used as a criterion for estimating its

biological or agricultural significance. The total amount in soil is distributed among soluble,

exchangeable and complexed forms, as well as more-stable solid forms. Extraction with aqua regia

overestimates the availability of heavy metals to plants. For cadmium, zinc and nickel, extraction with

neutral salts (0. INCaCl2 or 1M NH4NO3) is more indicative. The following concentrations in soil can

be considered as the tolerance limits for cadmium depending on the method of extraction [3]:

• Aqua regia extraction - 0.7 ppm

• Complex salt extraction - 0.23 ppm

• CaCl2 extraction - 0.13 ppm
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4. HARMFUL EFFECTS OF SEWAGE SLUDGE ON MAN AND ANIMALS

Sewage sludge may contain pathogens, therefore for safe reutilization in agriculture

disinfection is necessary [4]. The conventional methods are, heat-treatment (pasteurization),

composting and lime treatment, however, digested sewage sludge may still contain, for example,

Salmonella, which can survive for long periods outside its native environment (Table IV), up to 350

days in dried plants, and up to 500 days in soil. Neither aerobic stabilization nor anaerobic digestion

significantly reduced Salmonella contamination (Table IV). Salmonella infections have increased in

Germany during the last 10 years [5, 6].

Salmonella was present in more than 80% of sewage-sludge samples tested from Switzerland,

where increases of such infections in cattle were found during the grazing period from July to

October. In epidemiological investigations, 13,877 samples confirmed the relationship between food

poisoning and sewage-sludge use [6]. Therefore, application of sludge to grassland has been forbidden

in Germany. Another problem is infection by Taenia saginata, a tapeworm causing disease in man

and dogs. There is a report of a farmer using untreated sewage sludge on his farm, resulting in

widespread distribution of the parasite with subsequent economical losses.

A new technique for sludge disinfection is radiation, with y-rays or accelerated electrons. The

first plant for y-irradiation of sewage sludge has been in operation since 1973 in Geiselbullach, near

Munich, Germany. Experiments there have shown that a y-ray dosage of 3 kGy is sufficient to make

sludge hygienically safe [7].

Another problem with the use of sewage sludge is transfer of heavy metals from amended soil

to plant, and in turn to animal and man. Feeding experiments with naturally contaminated food stuff

and with heavy metals have demonstrated accumulation in the kidney and liver, less so in muscle. No

heavy metals were found in milk, therefore muscle and milk can be considered as filters for pollutants

in animals [8].

Pigs fed with wheat grown in soil highly contaminated with cadmium (cadmium content 1.28

mg/kg dry grain) showed accumulation in the liver and the kidney (Table V). The cadmium content

in muscle also increased in relation to total uptake, but the differences were not statistically

significant. The excretion of cadmium by faeces was about 80% (71-88%) of the amount ingested.

Feeding experiments with cattle and sheep showed similar results [3]. In all of the feeding experi-

ments, no changes in weight were found even with highly contaminated fodder.

Besides heavy metals, pollution with organic chemicals is an important aspect to be considered

for animals [1]. Experiments with fodder plants grown on sludge-fertilized soil showed indications of

higher content of organic pollutants in milk; dioxin was detected and likely came from the

contaminated soil through grazing, although uptake of chlorinated compounds through roots is low.

5. EFFECTS OF SEWAGE-SLUDGE APPLICATION ON LEACHING OF HEAVY METALS

TO GROUND WATER.

Ground water can be contaminated with pathogenic organisms as well as chemical pollutants.

Application of municipal wastes and agricultural chemicals to soil are two of the most important

sources of such contamination. Surface waters in lakes or rivers have similarly become contaminated,

often through direct discharge of municipal, industrial and agricultural aqueous effluents. Many of the

pollutants are highly hazardous to man and, in a number of cases, they have been found to exceed

legally permitted concentration limits. However, the extent of contamination can vary depending on
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the source and the soil type [9]. In a field trial conducted in Germany with highly contaminated

sewage sludge, surprisingly there was no leaching of heavy metals to the subsoil; the levels detected

were below the legal limits set for drinking water (Table VI). The results showed that very little, if

any, of the heavy metals leached to the ground water.

TABLE I. MAXIMUM ACCEPTABLE LEVELS

OF POLLUTANTS IN SEWAGE SLUDGE AND

SOILS IN GERMANY

Pollutant

Lead

Cadmium

Chromium

Copper

Nickel

Mercury

Zinc

PCBsb

Dioxins/Furanes

AOXC

Sewage

sludge Soil

(ppm in dry matter)

900

10 (5)'

100

800

1200

8

2500 (2000)

0.2

0.0001

500

100

1.5(1)

-

60

50

1

200 (150)

-

-

-

"Values in parenthesis refer to light soils, pH <6.0.
bPolychlorinated biphenyls, per component.
cOrganic halogen compounds.
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TABLE II. HEAVY-METAL CONTENTS AND BALANCE IN

SOIL TO A TILLAGE DEPTH OF 20 cm

Cadmium Lead Zinc

Average concentration

in soil (ppm) 0.33 26.6 71

Yearly addition from

1.67 t/ha sludge (ppm) 5 252 240

Yearly loss

(g/ha) 1 63 140

Uptake by plants

(g/ha/year) 2 8 200

Time to reach the

limit in soil (years) 877 723 165

TABLE III. CHANGES IN HEAVY-METAL CON-

CENTRATIONS IN CARROTS GROWN OVER

SEVERAL YEARS ON THE SAME SOIL

Pb Cd Cr Cu Ni Zn

1979

1980

1981

1985

1986

1987

0.23

1.68

1.30

2.90

4.23

0.34

(mg/kg dry

0.43

0.35
0.37

0.54

0.83

0.26

0.98

0.19

0.60

0.14

1.33

0.21

matter)

3.4

3.0

4.0

3.3

4.0

3.3

0.67

0.67

1.13

1.02

1.53

0.56

37

19
24

18

32

26
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TABLE IV. LEVEL OF CONTAMINATION OF DIFFERENT

SEWAGE SLUDGES BY SALMONELLA

Sewage sludge

type

Untreated

Aerobically stabilised

Digested

Total sewage sludge

Sample
number per

material

49

25

138

219

Samples
containing

Salmonella

45

25

113

183

Percentage

92

78

82

84

TABLE V. CADMIUM UPTAKE, AND CONCENTRATION IN

THE ORGANS OF PIGS

Average total
cadmium uptake (mg)

Muscle (ppm)

Liver

Kidney

V

58

0.0034

0.104

0.41

Animal group

IP

208

0.0044

0.226

1.02

IIP

327

0.0051

0.334

2.19

"Twelve animals.
Ten animals.
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TABLE VI. CONCENTRATIONS OF HEAVY METALS LEACHING

FROM A HIGHLY CONTAMINATED SOIL pH 6.6 COMPARED

WITH DRINKING-WATER STANDARDS

Pb

Cd

Cr

Cu

Ni

Zn

Mn

In soil

(mg/kg)

1431

47

279

367

78

1865

427

In leaching

water

0.0008

0.0005

0.003

0.052

0.01

0.02

0.0014

Maximum acceptable

in drinking water

(ppm)

0.04

0.0005

0.05

-

0.05

-

-
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F/G. 7. Differences in crop species for heavy-metal tolerance - cadmium and lead
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0.12

FIG. 2. Differences in crop species for heavy-metal tolerance - mercury
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