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Are emissions or wastes consisting of biological nutrients good or healthy?

Abstract

Biological nutrients have been defined as non-hazardous biodegradable materials and products of biodegradation processes. Changes in the
concentrations of so-defined biological nutrients have ecological effects and high concentrations may have a negative impact on human health.
This implies that there are no wastes or emissions derived from biological materials, which are ecologically irrelevant. Nor are such wastes

intrinsically good or healthy.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Braungart et al. [1] have introduced the concepts of
‘healthy emissions’ and ‘healthy wastes’. ‘Healthy wastes
are good’ they state. The substances that they see as ‘healthy’
or ‘good’ are ‘biological nutrients’. ‘Biological nutrients’ are
defined as non-hazardous biodegradable materials and prod-
ucts of biodegradation processes [1, p. 1343]. Efficiency in
handling ‘biological nutrients’ is according to Braungart
et al. [1] not a virtue, suggesting that emissions or wastes con-
sisting thereof are intrinsically ‘good’ and ‘healthy’. In this
context they draw a parallel to the cherry tree, and point out
that ‘the growth and release of thousands of cherry blossoms,
only a few of which become new cherry trees, is a travesty of
material intensity per unit of service’ [1, p. 1342]. This is not
a problem, because ‘in nature, all outputs from one process be-
come inputs for another. The concept of waste does not exist’
[1, p. 1342].

Braungart et al. [1, p. 1342] apply this view, for example to
textile mills. ‘If the trimmings from the production of a textile
system are composed in such a way that they become nutrients
for ecological systems, then it is ecologically irrelevant when
they are not included in the saleable product’. ‘Even if the
material intensity per service unit of the textile mill was astro-
nomically high, the system as a whole would be highly eco-
effective because the trimmings would become productive
resources for natural systems’.

The proposals for product design of Braungart et al. [1] fol-
low from this point of view. Packaging should consist of ‘bi-
ological nutrients’, which ‘when thrown away’ support ‘the
growth of plant life’ [1, p. 1343]. Similarly textiles should
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consist of ‘biological nutrients’, so that they can ‘for example
be used as garden mulch’ [1, p. 1343].

They also propose to redesign the motorcars as nutrive-
hicles. Current motorcars aim at reducing the emission of fixed
nitrogen (in practice: NO,); nutrivehicles should rather maxi-
mize the production of fixed nitrogen and collect that. After
collection, the fixed nitrogen should be used as fertilizer [,
p. 1345].

2. Effects of increased cycling of ‘biological nutrients’

The blooms mentioned by Braungart et al. [1], or more in
general the ‘litter’ (blooms, leaves, fruits and branches) de-
rived from the cherry tree, consist of a large variety of sub-
stances. These include fixed nitrogen (N) and phosphate,
a variety of other minerals such as K, Ca, Mg and Na com-
pounds, metals, such as Zn, Cu and Fe, and carbon com-
pounds. Braungart et al. [1] stress the biodegradability of the
latter.

Though plant-derived carbon compounds are in principle
biodegradable, not all such compounds are degraded in the en-
vironment. They are in practice partially refractory to biodeg-
radation. Such refractory carbon compounds are an important
ingredient of soil organic matter, which limits erosion, buffers
against fluctuations of soil pH, retains water and is important
for soil fertility [2].

Apart from this, it seems useful to look into the design
strategy of Braungart et al. [1], by firstly considering the fol-
lowing compounds present in cherry blooms: non-hazardous
biodegradable carbon compounds, phosphorus compounds
and fixed nitrogen.
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Non-hazardous biodegradable compounds are ‘biological
nutrients’ [1, p. 1343]. However, biodegradation may have
negative effects. Large inputs of plant-derived biodegradable
materials into surface water was in Europe already an environ-
mental problem in the Middle Ages, when wet decomposition
(‘retting’) was practiced to extract fibres from flax and hemp
[3]. The high concentrations of plant-derived biodegradable
substances led to massive local consumption of oxygen, which
was then depleted. This killed water organisms which were de-
pendent on oxygen. Later, discharges from agro-industries,
processing plant based materials, caused similar problems on
a much larger scale with strong evidence of negative effects
on the health of people living in the vicinity of polluted water-
ways [4]. Though there was cycling of biodegradable material,
the increased input in the C cycle was ecologically relevant
and had effects which may be considered negative.

Fixed nitrogen (e.g. ammonia and nitrate) and phosphate
are present in all organisms and participate in biogeochemical
cycling. They become available due to biodegradation of bio-
logical materials and are plant nutrients, and may thus be con-
sidered biological nutrients [1, p. 1343]. Increased inputs in
the nitrogen and phosphorus cycles are, however, ecologically
relevant and may have negative effects. Loading water with
fixed nitrogen and/or phosphate may lead to ‘eutrophication’
that alters the species composition of surface waters. Again al-
ready in the Middle Ages, European lakes like Lake Steisslin-
gen and the Bodensee showed the disappearance of species
native to clear water and the emergence of filamentous algae
and phytoplankton that do well in turbid eutrophic waters,
showing that changes in fixed nitrogen and/or phosphate
may affect species differentially [2,5]. These changes were
probably related to agricultural activities and practices such
as retting [2,5]. More recently, high levels of phosphate and/
or fixed nitrogen nutrients in surface water are infamous for
causing ‘algal blooms’. Algal blooms cause anaerobic condi-
tions that harm water organisms which are dependent on oxy-
gen and favour a number of organisms that secrete substances
that are toxic to humans and other animals [6—10].

Problems with fixed nitrogen are not confined to surface
water, but may also occur in ground water. Intensive manuring
and storage of manure on sandy soils may lead to high concen-
trations of nitrate in groundwater that are, on consumption,
linked to an increased incidence of illnesses such as stomatitis
and methemoglobinemia (‘blue baby sickness’) [11—13].
Against this background, lowering the emissions of fixed ni-
trogen and phosphate into surface water and fixed nitrogen
in ground water has been advocated (e.g. [6,7,9,10,14]).

Problems with changes in the concentrations of ‘biological
nutrients’ are not confined to water. Eutrophication of surface
water has its counterpart in terrestrial eutrophication, mainly
by fixed nitrogen compounds [15,16]. Terrestrial eutrophication
is associated with losses of plant diversity and may be associated
with increased susceptibility of ecosystems to stresses [15,16].

Changes in the biogeochemical N cycle also affect the at-
mosphere. There are impacts on the ozone layer, tropospheric
ozone and climate, which in turn for instance affect human
health and crop yields [17—20]. An impact on climate is

also linked to the increased concentration of CO, which par-
ticipates in the biogeochemical C cycle. CO, is a biological
nutrient. It originates in oxidative biodegradation. Without
CO, plant life would be impossible. Nevertheless, changes
in atmospheric concentration may have large differential ef-
fects on organisms. Expected increases in CO, concentration
are predicted to cause local extinctions among a number of ex-
tant natural species before 2050 [21] and may be favourable to
other species [18]. The expected increases in CO, concentra-
tion have also been predicted to have substantial effects on hu-
man health [18].

At this point, the objection may be raised, that for instance
the negative effects of CO, outlined here are largely linked to
anthropogenic inputs of, what Braungart et al. [1] call, ‘tech-
nical nutrients’: fossil fuels, which should in their view be sub-
jected to eco-effective management. However, similar changes
in the CO, input in biogeochemical C cycle may be linked to
increased consumption of biological nutrients. For instance,
substituting fossil fuels by biofuels to power the world econ-
omy may have a roughly similar or an even larger effect on
atmospheric CO, concentration and on climate [22—25].

The examples of the effects of increased emissions of bio-
logical nutrients discussed here may be generalized at the level
of organisms. Of all compounds that function as nutrients for
organisms, there may be too little or too much (see Fig. 1).

What too little or too much is depends on the organism. The
amount of a nutrient that is ‘healthy’ to one organism may be
deleterious or fatal to another. Fig. 1 allows for the possibility
that there may be actually ‘too little’ of a biological nutrient.
In this case, there may indeed be wastes or emissions that up to
a point turn out to be ‘healthy’ or ‘good’.

Switching from motorcars with catalytic converters that con-
vert NO, into N, to nutrivehicles might well be a good thing
when there is a shortage of fixed nitrogen in the environment.

However, the amount of fixed nitrogen entering the global
biogeochemical N cycle has been subject to a large anthropo-
genic increase. This in turn has led to large-scale environmen-
tal problems, including widespread eutrophication and
acidification of aquatic and terrestrial systems an increased
greenhouse effect and stratospheric ozone loss [14,15,17,18].
This is a good reason to favour the conversion of NO, to N,
[14], and thus an argument against nutrivehicles.
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Fig. 1. Generalized picture of the relation between dose of biological nutrient
and state (‘health’) of an organism, showing dose dependent positive (+) and
adverse (—) effects.
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3. The presence of hazardous substances in biological
materials

A second problem with the concept of ‘healthy wastes’
arises when according to Braungart et al. [1] ‘eco-effective’
cherry tree (a member of the Prunus family) is more closely
considered as to the occurrence of substances that may be haz-
ardous to other organisms.

Trees of the Prunus family are characterized by the pres-
ence of substantial amounts of phenols and cycanogenic glu-
cosides [26—29]. These compounds may be allelopathic
substances that, with varying specificity, can be detrimental
to other organisms [27,29—31]. Effects on other organisms
may for instance show up when applying mulches from Pru-
nus derived materials [32] and in graft incompatibility [33].
Allelopathic substances are widespread among plants and mi-
cro-organisms and several of them have been developed into
commercial pesticides (e.g. [30,31]). The allelopathic sub-
stances in turn are a subclass of the larger family of natural
toxins produced by plants, animals and micro-organisms,
some of which are extremely toxic to humans [34,35].

Also wood of the cherry tree may currently reflect the emis-
sion of what Braungart et al. [1] call ‘technical nutrients’.
Such wood may for instance have elevated contents of heavy
metals, which in turn may necessitate restrictions in handling
wood derived wastes [36,37].

4. Conclusion

Contrary to what Braungart et al. suggest [1, p. 1342] in-
creased emissions or wastes consisting of ‘biological nutri-
ents’ are not ecologically irrelevant. That ‘biological
nutrients’ participate in cyclical flows (biogeochemical cycles)
does not mean that there are no negative effects of increased
inputs in those cycles.

Both the occurrence of negative effects due to increased
emissions of ‘biological nutrients’ and the occurrence of haz-
ardous substances in biological materials suggest that there is
often a case for management of natural materials in a way that
tries to minimize negative impacts.

All in all, it would seem impossible to consider emissions
or wastes containing ‘biological nutrients’ as intrinsically
‘healthy’ or ‘good’.
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