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Metals used in industry are often discharged into
sewage and accumulate in sewage sludge. The
disposal of highly contaminated sludges on
agricultural land greatly increases trace element
contents above their natural levels. This paper
reports the total and extractable levels of many
trace elements in sludges and indicates those most
likely to cause toxicity problems. [The SC,~in-
dicates that this paper has been cited in over 110
publications since 1972.]
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“Much work carried out in the department of
spectrochemistry, Macaulay Institute, Aberdeen,
is directed toward assessing the trace element
status of soils by the use of a wide range of
analytical techniques. Our interests are devoted
largely to those elements which cause problems
of deficiency or toxicity in plant growth or animal
health. The behaviour of many other elements
which have, as yet, no known biological function
are also of interest from a geochemical or
pedological viewpoint. Their behaviour can give
new insights into processes such as mineral
weathering, podzolization, and plant uptake.
Multielement methods of analysis such as direct-
current arc spectrochemical techniques are most
useful in these research investigations and have
been developed by Robert L. Mitchell and Robert
0. Scott, both heads of department, between the
years 1937 and 1981.1

“During the 1950s and 1960s, lack Webber and
his colleagues in the Agricultural Development
and Advisory Service (ADAS), with whom I worked
before joining the Macaulay staff, encountered a
number of problems of crop growth following the
use of sewage sludge as a fertilizer and conse-
quently asked us for comprehensive analyses of
soil and crop samples. Heavy metal toxicity was
often identified as the cause. It was, therefore,
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decided that a range of sewage sludges from large
industrial centres and from small rural towns
should be analysed as fully as possible to deter-
mine their contents of potentially toxic elements.

“The problems included (a) obtaining represen-
tative samples—not an easy task with material as
uninviting as sewage sludge; (b) ensuring freedom
from contamination at all stages of sampling, pre-
treatment, and preparation for analysis; and (c)
analytical problems such as matrix and interfer-
ence effects which can arise during the spectra-
chemical analysis of material as variable in com-
position as sewage sludge.

“Problems of metal toxicity following the
disposal of sludge on land were being found in
many industrialised countries. In a study of the
literature compiled for the EPA,
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reported that in 1973 there were only three
publications,
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including our own, which detailed
the trace element composition of sewage sludges.
Since then an enormous literature has ac-
cumulated on the benefits and hazards of apply-
ing sludge to land and many countries have
prepared guidelines for siudge disposal whichcon-
trol the amounts of potentially toxic elements
added to soil. I believe that the reason our paper
has been quoted so frequently is that it was the
first to report the total and extractable contents of
a large number of trace elements in sludges.

“In cooperation with our colleagues in ADAS
we have continued to monitor, in two field ex-
periments begun in 1968,5 the long-term effects of
sludge disposal on soils and crops. These have
demonstrated the persistence of metals in plant-
available form some 12 years after sludge applica-
tion.
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Heavy metals added to soil in sludge remain

largely in the topsoil, but change their chemical
forms with the passage of time.

“In Scotland an interesting problem has been
encountered where soil has become copper-
contaminated by waste from the distillation of
malt whisky. Over some 70 years, copper has ac-
cumulated in topsoil to the extent that it is harm-
ful to the growth of some crops and possibly to
sheep.

7
There is little evidence that heavy metals

in topsoils are removed by leaching and it is
therefore important that realistic controls are
adopted to ensure that valuable soils do not
become permanently damaged by the buildup of
elements that could be toxic to crops and grazing
livestock.”
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