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metals in animal manures.

Rapport à la demande des membres du réseau RAMIRAN
sur l’état des métaux lourds contenus dans les déjections animales.

R J Unwin
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FRCA MAFF, Nobel House, 17 Smith Square.SW1 3 JR. London. UK.
E-mail : R.J.Unwin@frca.maff.gov.uk

Abstract

At the meeting of the Network held in Gödöllö in October 1996, it was agreed each
Expert Group should seek to produce a report of the status of knowledge in their
area of interest. A questionnaire concerning metals in animal manures was sent to
a member of the Network in each country with a request to seek co-operation from
other colleagues if they did not have the necessary expertise. This approach
produced responses from six countries - Germany, Finland, Italy, Belgium,
Switzerland and the United Kingdom. However this does provide a wide geographic
coverage and the consistency of the results enables a surprisingly clear picture to
be drawn.

Résumé

Lors de la dernière rencontre du réseau qui s’était tenue à Gödöllö en octobre
1996, il a été décidé que chaque groupe d’experts devrait produire un rapport sur
l’état des connaissances dans son domaine.

Un questionnaire concernant la teneur en métaux lourds présents dans les
déjections animales fut transmis à chaque membre du réseau RAMIRAN dans
chaque pays. Cette démarche n’a conduit qu’à 6 réponses de six pays : Allemagne,
Finlande, Italie, Belgique, Suisse et Royaume-Uni. Cependant, de façon
surprenante, le dépouillement de ces informations conduit à la fois à une
couverture géographique importante et à des conclusions relativement explicites.

Format of questionnaire

Members were asked for details of:
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• legal controls or official guidance that either directly or indirectly limits the
accumulation in soil of metals from animal manures.
 
• detailed information on actual rates of manure application, background soil
metal content and observed problems due to accumulations of metals from
manures.
 
• metal contents of manures and slurries from the main classes of livestock.
 
• legal limits for metals in feddingstuffs and any data on actual metal content of
livestock feeds.

Results

Controls on metal additions

None of the countries currently have general legal limits for directly controlling
metals although all have indirect controls through limits on nitrogen and/or
phosphorus applications, in at least part of their territories. In addition to incomplete
coverage for legal nutrient controls, Italy and the UK have general national
guidance concerning nitrogen. (Within the EU the Nitrate Directive requires at least
such indirect guidance to be put in place through a general Code of Good
Agricultural Practice.) In Italy and Finland there are some minor legal controls
relating respectively to processed manures offered for sale and manures imported
to ecological (organic) farms.

In the UK direct non-statutory guidance to control metals is given in the Code of
Good Agricultural Practice for the Protection of Soil. This recommends that metals
from manures should not accumulate beyond the limits that apply for sewage
sludge. Returns from each country are summarised in Table 1.

Rates of manure application

Of the respondent countries nobody currently has detailed information on actual
field rates of application although some EU states would have such information
where more strict controls are exercised on nutrient applications. The UK  is
working towards such information by linking data on stock numbers and available
land area for spreading. Table 2.

Metal content of soils

All countries had data on background metal contents although in Italy this is more
limited than the other three. Nobody appears to have looked specifically at the
metal contents on land associated with intensive livestock enterprises. Network
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members were unaware of adverse effects attributed to metals in practical
situations. There is at least one old report in the literature of copper from pig slurry
effecting earthworms in The Netherlands and a personal communication to the
author has claimed zinc from pig manure has affected maize production on sandy
soils in a part of Germany. Table 2.

Metal content of manures and slurries

The number of samples involved in each of the studies for which data was
submitted was small. Some indicated a large range of values but no statistical
interpretation was provided. Differences between countries for the major metals
zinc and copper, were usually explained by legal differences in allowed metal
supplementation of feeds (see below). Care also has to be taken in interpretation of
the data because of, sampling errors, metal contents that vary with the age of stock
and mixing of manures on farms of stock of different ages. Problems may also
arise due to the definitions used for different classes of manures. The results
suggest that what the UK reported as pig farmyard manure with large straw addition
in Germany and Switzerland at least may have been largely undiluted faeces.
Returns are tabulated in Tables 3, 4 and 5.

Zinc and copper

Pig manures and slurries

There were few results specifically for young pigs but those there were, confirm an
elevated zinc content in weaner slurries presumable due to supplying zinc oxide as
a veterinary medicine. Actual values from Germany and Italy were not as high as
estimated figures from the UK. Further work to clarify zinc excretion by such young
piglets is indicated.

In all countries fattening pigs of mixed age are producing slurries with 600-1000
mg/kg zinc and in EU States copper 300 - 600 according to the permitted level of
copper supplementation. In Switzerland where supplementation as a growth
promoter is not permitted values are lower.

Poultry manures

The metal content of poultry manures is very consistent. Between 350-450 mg/kg
Zn in all countries and copper in the range 40-100 mg/kg.

Cattle manures

Apart from Italy where zinc in both beef and dairy slurry is nearly twice that reported
elsewhere values are also fairly consistent, somewhat over 200 mg/kg Zn and
around 50 mg/kg copper in dairy slurry with slightly less zinc in beef manures.
Values in Switzerland were rather lower than this. Concentrations in farmyard
manures were on the whole similar to those in slurries.
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Nickel

Apart from values of over 30 mg/kg nickel in some pig slurries, values for this metal
was less than 12 mg/kg in manures from all other classes of stock.

Lead

All lead contents were less 11 mg/kg apart from weaner slurry in Germany (17.6
mg/kg). This was the only report of lead for this class of stock and may be
associated with the high zinc content. Lead and cadmium values in Swiss manures
were generally lower than elsewhere. However with a recent move away from using
bone meal as the main phosphorus supplement to mineral materials in the wake of
the BSE situation these are thought likely to have risen since the survey was
undertaken.

Cadmium

Only German weaner slurry (1.5) and UK  layer manure (1.1) showed cadmium
values above 1 mg/kg.

Arsenic

Only the UK  reported arsenic values and these varied from 1.7 mg/kg in pig slurry
to 9 mg/kg  in poultry manures.

Mercury

Mercury data was provided from Finland and the UK. Apart from Finnish pig slurry
at 0.21 mg/kg all values were less 0.07 mg/kg.

Chromium

Chromium data was reported Germany and the UK with values from 1 to 20 mg/kg.

Metal limits in animal feedingstuffs

All the EU respondents are subject to Community legislation on this topic both in
terms of maximum concentrations of contaminants such as lead and cadmium and
of additives such as zinc and copper. The returns reflect this commonality although
information was not provided from Finland.
The only significant variation between countries concerns zinc and copper and
relates to the UK  where because of overall stocking rates a derogation for a higher
addition of copper for fattening pigs over 16 weeks of age is still in operation. Table
6.
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The Commission has signalled their intention to review the allowed metal contents
of animal feedingstuffs and have called for nominations to form an expert group to
look into the  topic.

Actual metal content of feedingstuffs

It was hoped to gather actual data on metals in complete diets fed to stock in order
to compare with the manure metal information. Only the UK was able to provide
such information and it is summarised in table 6. This information was discussed at
the last meeting of the Network and has been used subsequently to estimate metal
concentrations in manures. Research described elsewhere at this meeting by
Chambers et al seeks to confirm the relationship between metal intake and rates of
excretion.

Of concern is the fact that whilst all the zinc contents are well within legal limits
some are higher than recommended as best practice for necessary mineral
supplementation for particular classes of stock. The commonality in manure metal
contents reported above suggests there may be a similar situation in other
countries represented in the Network.

Conclusions

1. Although the data set is incomplete it provides a useful overall picture of the
status of metals from animal manures in the countries of the Network.

2. Legal controls on nutrient (nitrogen and phosphorus) operating through the
Nitrate Directive, Agri-Environment Schemes and National laws provide indirect
control on metal accumulations but geographical coverage is not complete and
non-statutory guidance alone will continue to operate in some countries.

3. The implementation of the Integrated Pollution Prevention and Control Directive
in the EU will include intensive pig and poultry units and thus further controls on
metal accumulations will be possible in future.

4. This study has not revealed any information on the accumulation of metals that
may have already occurred in soils receiving large applications of manure in recent
years. General surveys of background soil metal concentrations have not been of
sufficient scale to identify areas of high stock density.

5. The metal contents of manures are similar in different countries and indicate a
commonality of feeding practices.

6. The allowable metal content of feedingstuffs, both of contaminants and
supplements is the subject of current consideration in the Commission. The
reasons for the current levels of supplementation should be re-examined so that all
unnecessary additions of metal are removed from the system.
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7. There appears to be a major gap in knowledge concerning the actual metal
content of animal feeds which would be the easiest way of identifying the load
returned to land in manures.
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Do you have
legal
controls that
directly limit
metal from
manures ?

Do you have guidance
aimed to limit metal from
manures ?

Do you have legal
controls that in-directly
limit metal from
manures ?
(EC Nitrate Directive
not included)

Do you have
guidance that in-
directly limit
metal from
manures ?

Germany No . (n.b.
proposed
Soil Act may
have
maximum
soil  metal
limits for
types of
agricultural
production)

No Yes. Various national
and regional limits on
rates of nutrients

No

Italy Only for
fertilisers for
sale
produced
from
manures.

No National limit for slurry
from stock of 4t/LW
equated to total N
rate. Lower Regional
limits down to 170 N in
vulnerable areas

Yes N limits in
certain Regions

Finland Only for
importation
to Ecological
farms

No Limit of 1.5 LU/ha in
some areas.
Maximum N and P
rates under Agri-
Environment prog.

No

Belgium No No Yes. Various national
and regional limits on
rates of nutrients

No

Switzerland No ? Yes Yes
United
Kingdom No

Code of Good
Agricultural Practice
recommends using
same limits as Sewage
Sludge Regulations to
monitor increases

Limits on manure N in
Agri-Environment
prog., e.g. 250 kg/ha
N in Nitrate Sensitive
Areas

Code of Good
Agricultural
Practice
recommends
limiting manure
N to 250 kg/ha
per year or less

Table 1
Controls on metal additions to soil in animal manures
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Do you have
information on
actual rates of
manure
application?
(Not including
data on  stock
numbers on a
Regional basis)

Do you have
information on
background
concentrations of
heavy metals in
agricultural soil

Do you have
comparable data for
intensive livestock
farms and other units?
(Not including
experimental
monitoring of small
areas?

Has the
accumulation of
metals from
animal manures
caused
substantiated
significant
adverse effects?

Germany No Yes. Numerous and
extensive surveys
have been
undertaken

No No? (Contrary
information
received from
UBA re zinc
from pig slurry)

Italy For pig slurry in
some Regions

Only in limited data
from certain Regions

No No

Finland No Yes. Survey of 2000
fields resampled
after 13 years

No No

Belgium Yes in some
Regions

No No

Switzerland No Yes No No
United
Kingdom

Studies to be
completed will
provide data
linking stock and
total available
land.

5 km grid survey of
whole country. Also
survey of fields
randomly selected
each year.

No No

Table 2
Rates of manure application and soil metal concentration
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Dry
Matter

Zinc Copper Nickel Lead Cadmium Arsenic Chromium Mercury

Pig Slurry. Mixed ages
Germany
(Mean of 3
studies)

1081 492 32.5 10 0.75 12.5

Italy 3.7 800 525
Finland 636 305 2.7 0.25 0.21
Belgium 7.3 811 440 15 8 0.9 8 0.2
Switzerland 746 115 1.8 0.2
United
Kingdom
(Survey)
(Estimated)

4.4
6.0

575
1233

351
887

10.4
11.7

2.5
3.2

0.3
0.5

1.7 2.8
4.8

0.008

Pig slurry. Weaners
Germany 4 2410 1386 17.6 1.5
Italy 2400
United
Kingdom
(Estimated

Max.
12,000

Pig Farm Yard Manure
Germany 1220 740 13 0.43 11.0
Italy 640 540
Finland 420 134 3.7 0.22
United
Kingdom
(Survey)
(Estimated)

21.7
20.0

431
340

374
230

7.5
3.5

2.9
4.0

0.37
0.25

0.86 2.0
1.1

0.008

Table 3
Metal content of pig manures mg/kg DM
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Dry
Matter

Zinc Copper Nickel Lead Cadmium Arsenic Chromium Mercury

Broiler Litter
Germany (Mean
of 2 study)

430 63 9 6 0.2 3.8

Finland 346 64 11.5 0.16 0.07
Belgium 270 93 < 5 <0.1
Switzerland 349 44 2.9 0.3
United Kingdom
(Survey)
(Estimated) 59

49
378
398

97
102

5.4
7.2

3.6
1.6

0.4
0.5

9.0 17
6.0 .002

Laying hens
Italy 22 440 85
Belgium 648 93 <5 <0.1
Switzerland
(deep pit)
(belt system)

511
425

44
35

2.2
2.2

0.2
0.3

United Kingdom
(Survey)
(Estimated) 41

40
459
437

65
67

7.1
7.5

8.4
6.7

1.1
1.0

9.0
0.35

17.2
4.2 0.02

Table 4
Metal content of poultry manures mg/kg DM
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Dry
Matter

Zinc Copper Nickel Lead Cadmium Arsenic Chromium Mercury

Cattle slurry. Dairy -(Mixed)
Germany(Mean
of 3 study

221 44 5.5 7.6 0.41 5.5

Italy 13 450 55
Finland 275 47 3.7 0.24 0.04
Belgium 5.6 284 92 7 11 0.6 7
Switzerland 162 37 3.8 0.20
United Kingdom
(Survey)
(Estimated 7.6

7.6
209
212

62
56

3.7
7.5

3.6
8.7

0.38
0.37

1.44
2.75

0.91
7.0 0.04

Cattle slurry. Beef
Germany (Bulls)
(Calves) 10.1

1.0
187
410

29
76

10.7 0.55

Italy 8.5 400 55
Finland
Switzerland 255 53 3.0 0.17
United Kingdom
(Survey)
(Estimated 12

10
133
170

33
45

6.4
6.0

7.1
7.0

0.26
0.30

2.6
2.2

4.7
5.6 0.03

Cattle Farm Yard Manure. Dairy - Beef
Germany 213 39 10 7.0 0.44 20
Italy
Finland 197 33 2.5 0.23 0.06
Switzerland 118 24 3.8 0.17
United Kingdom
(Survey)
(Estimated 18.4

25
153
170

37
45

3.7
6.0

3.6
7.0

0.38
0.30

1.6
2.2

5.3
5.6 0.03

Table 5
Metal content of cattle manures mg/kg DM
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Country Zinc Copper Nickel Lead Cadmium Arsenic Mercury

Poultry /cattle All ?
Complete feed
Mineral P

250 30-50 5
30

0.5 (1 cattle)
10

2
10

0.1

Pigs
All ?
Complete feed
Mineral P

5
30

0.5
10

2
10

0.1

Breeding Germany
Italy
Finland
United Kingdom

250
250

250

35

Rearing  4-6 weeks Germany
Italy
Finland
United Kingdom

250
250

250

175*
175*

2,800
              6-16 weeks Germany

Italy
Finland
United Kingdom

250
250

250

175
175

175
             16+ weeks Germany

Italy
Finland
United Kingdom

250
250

250

35
35

100

Table 6
Metal limits in feedingstuffs. mg/kg.
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Dry
Matter

Zinc Copper Nickel Lead* Cadmium Arsenic Chromium

Pigs
  Creep        (4) 90 2820 188 2.3 1.0 0.18 0.36 0.35
   Weaner    (4) 88 834 167 2.3 1.0 0.13 0.42 0.81
   Grower    (5) 88 215 168 3.3 1.0 0.10 0.31 0.52
   Finisher   (7) 88 185 105 2.8 1.0 0.10 0.23 0.90
   Breeding (6) 87 158 29 2.0 1.0 0.11 0.22 1.20

Poultry
 Broiler starter    (2) 89 150 31 2.1 1.0 0.19 0.22 1.50
             grower    (4) 88 120 34 2.0 1.0 0.17 0.25 0.93
             finisher   (3) 88 130 31 1.2 1.0 0.15 0.15 0.20

Turkey starter   (2) 85 145 20 1.5 1.0 0.16 0.23 2.14
             grower  (4) 87 124 27 2.0 1.0 0.15 0.27 1.04
             finisher (3) 87 108 19 2.1 1.0 0.19 0.10 0.68

Layers
        Purchased (4)
        Home mix (7)

89
90

103
72

13
13

1.9
1.9

1.0
2.1

0.39
0.20

0.10
0.10

0.67
0.61

Cattle
        Dairy concentrate 86 116 44 2.3 1.3 0.31 0.34 2.07
        Beef 86 120 35 3.1 1.0 0.17 0.46 1.42

* 1.0 mg/kg  = limit of detection

Table 7
UK survey of metal content of animal feedingstuffs.

(Median mg/kg DM in (   ) samples)
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