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370 05 České Budějovice, Czech Republic

4 Faculty of Agriculture, University of South Bohemia in České Budějovice, Studentská 1668,
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Abstract: From the moment it was first indicated that use of aluminum chloride during purification
of drinking water might be one of the triggers of Alzheimer’s disease, it took only a few years to
almost abandon this practice worldwide. Now, two years after the initial evidence was presented
that the cheapest possible replacement for aluminum chloride (ferric hydroxide, better known as
ferrous sludge) significantly threatens soil fertility, there is almost no action. A robust case study was
conducted among European drinking water treatment plants. First, it is reported that some samples
of ferrous sludge can reduce phosphorus availability by more than 70%. This creates a precondition
for a significant reduction in fertility over a decade. Because the legislation usually responds to
similar findings with great delay, the extent to which managers of drinking water treatment plants
are willing to change process settings by themselves has also been assessed. The findings obtained
allow us to expect that a long continuation of this hazardous practice can be expected, since managers
of drinking water treatment plants show little willingness to switch from the ongoing questionable
technology (harmful to nutrient cycles in soil) to environmentally favorable (though slightly more
costly) solutions.

Keywords: food availability; water ethics; phosphorus; bioeconomy; soil fertility

1. Introduction

The potential questionable impacts of the preference for quick profit have already
been discussed in a plethora of business ethics literature [1]. In this context, sustainability
(both economic and environmental) has been adopted by many individuals and organi-
zations as ethically responsible [2]. However, there are indications that engineers from
countries in which economics lessons are required to obtain an engineering degree (instead
of lessons on ethics) perceive the commitment to environmental responsibility and the
implementation of environmental policies as two isolated constructs [3]. The situation
is evident especially in countries that suffer from a difficult economic situation and low
confidence in the country’s leadership [4,5], typically in the countries of the former Soviet
Union [6,7]. Consequently, more and more corporations driven by technocrats are accused
of greenwashing (also referred to as eco–imagination) and misleading consumers about
the environmental performance or the environmental benefits of a product or service [8].
Mardoyan and Braun [9] argue that the more dangerous the impacts of such conduct,
the more advanced the cover-up methods and the more sophisticated the propaganda
applied. Some of these practices are technically well hidden and their uncovering requires
phenomenal and interdisciplinary expertise in the field and especially strongly developed
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(or learned, or both) ethical perception [10]. As an outcome, the growing frequency of
greenwashing worldwide results in adverse reactions of customer and investor confidence
in sustainable commodities and services.

According to Thales of Miletus (probably with reference to the Nile’s periodic flood-
ing), water is the arché (or the basic principle of life), and the essence of all creatures (and
all forms of life) is moist [11]. Approximately 97% of the water on planet Earth is salty and
some 2% of water can be found in the frozen state. Only less than 1% is freshwater but
nearly half of this is groundwater [12]. To make matters worse, not all of this fraction is
readily accessible to humans; only a small proportion can be considered safe according
to international standards [13]. As a result, nearly one ninth of mankind lacks unlimited
access to clean drinking water and it is estimated that the number of people dying each
year of diseases associated with contaminated water sources is approaching the population
of the USA [14]. In a growing number of cities, drinking highly treated municipal wastew-
ater, called ‘reused water’, has become the best choice, and, in some situations, the last
resort [15]. Freshwater stress can be addressed to a degree with drinking water treatment
plants [16]. It is rational that such key points of public infrastructure belong to government
or to the local community (as in the US, for example). However, many European politicians
have already sold the vast majority of all public property and therefore several conglom-
erates are reaping impressive profits in the field [17]. Even so, the obligation remains for
drinking water treatment plant operators to be engineers (five years of university degree in
chemistry or chemical technology) with corresponding professional licenses, and to follow
legal constraints [18]. Affordable and safe water is a competitive resource in many parts
of the planet due to more intense and prolonged droughts, population growth, etc. [13].
Numerous drinking water treatment techniques (precipitation, flocculation, membrane
filtration, electrochemistry, coagulation, etc.) that allow turning freshwater into drinking
water can be traced in patents and the literature. Activated carbon, chitosan, graphene,
clay, nanotubes and nanolayers, bentonite, metal organic frameworks, carbon dots, mont-
morillonites, hydrogels and nanomaterials are the most promising; however, they are up to
50% more expensive than the established technologies [19].

Drinking water treatment engineers have been using chlorination for almost nine
decades [20]. However, in the 1970s it was discovered that chlorine also reacts with organic
matter that is naturally present in surface waters to produce hazardous byproducts (the
concern initially focused on trihalomethanes and halo-acetates). With regards to the EU [21],
chlorination tends to be used nowadays only in emergencies, and even in these situations
ethical reasoning is necessary to carefully weigh all the risks (carcinogenic properties of
potent mutagens) and benefits (risks of microbially contaminated water). Global current
practice in drinking water treatment plants prefers chemical coagulants. The cheapest
in history, aluminum chloride, is currently being banned worldwide since having been
identified as one of the triggers of Alzheimer’s disease and senile dementia [22]. The
second cheapest, ferric hydroxide is that most frequently applied by water treatment
engineers worldwide [23]. Because the cost associated with the disposal of the flocculation
residue of the process (the ferric sludge) is some USD 200 ton−1 through landfill without
transportation, this waste is being provided to farmers on the pretext that crops will be
able to utilize the organic matter that has been coagulated from the surface water [24].
Nevertheless, a warning has recently been revealed that the application of ferric sludge
into arable soil is responsible for reducing the levels of mobile (Pm) and extractable (Pe)
phosphorus in soil [25]. In other words, there are indications that the continuation of the
current practice locks the phosphorus that is already present in soil and, to make matters
worse, depreciates the efficiency of future phosphorous fertilization.

Water ethics, for instance, is an extensively recognized discipline. The ethics of soil as
such is also entering public awareness. Nonetheless, polemics on chemical elements such as
phosphorus have always been understood in mainstream western philosophy as a techné
subject, or, more precisely, an entirely technical field. With respect to established practice,
ethics primarily requires human action. In this vein, subsequent polemics regarding the
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ethics of phosphorus could be interpreted as an analysis of ethical behavior in phosphorus
management. It should be emphasized that phosphorus (and its biologically available
forms in particular) is a fundamental nutrient for ecosystem balance and the sustainability
of agricultural production. Therefore, its depletion and misuse has a direct impact on plant
production and, subsequently, on animal production, with the environmental implications
directly translating into significant economic and social consequences [26]. Cordell [27]
and many others argue in good agreement that phosphorus scarcity and pricing represent
a serious threat to global food security, while recent studies indicate that the demand
for phosphorus could outstrip the finite supplies of phosphorus in the second half of the
21st century unless new and significant deposits are discovered. Morocco alone controls
three quarters of the world’s key source of phosphorus, phosphate rock. Morocco, China,
Syria, Algeria and South Africa dominate nine tenths of the world’s phosphate production.
Although full-scale phosphorus recovery techniques have been shown to be technologically
achievable [28], economic feasibility [6], legislation and national policies are the major rea-
sons why these techniques are far from operational worldwide [29]. Further complicating
the story, 80% of the phosphorus mined specifically for food production is lost or wasted
along the supply chain due to inefficient practices.

A hypothesis is put forward as to whether European drinking water treatment en-
gineers knowingly endanger food affordability for future generations, and if so, what
countermeasures can be proposed.

2. Methodology

The procedure consists of four main steps. At first, randomly chosen European
drinking water treatment plants are requested to provide their samples of ferrous sludge
from water clarification. Secondly, ferrous sludge is analyzed, in particular in terms of
interactions with soil phosphorus. Thirdly, engineers in charge of drinking water treatment
plants (graduates of five-year university degree courses and holders of professional license
who are responsible for plant decision-making) are provided with the latest literature which
describes the chemistry by which ferrous sludge degrades the availability of phosphorus
in soil for plants. Fourth, engineers are interviewed about their standpoints.

Between five and 20 drinking water treatment plants per each European country (with
respect to its size) were randomly chosen via the Internet and offered ferrous sludge analysis
free of charge under the condition that they send 1 kg of their sample in sealed polyethylene
bags without any delay. Across seven European countries (Austria, Czech Republic, France,
Germany, Great Britain, Italy, Switzerland) 65 samples were received within three weeks.
Samples received later were not considered. All the samples were subject to biochemical
analysis (levels of aluminum oxide, calcium oxide, cellulose, iron oxide, lignin, magnesium
oxide, manganese oxide, oxidizable carbon, phosphorus pentoxide, silicon oxide, sulfur
and volatile solids) in 10 repetitions. Subsequently, the ferrous sludge was mixed with two
types of the most common European arable soil (Humic Cambisol and Gleyic Cambisol,
10 repetitions each) according to established practice (ferric-based coagulation sludge from
drinking water clarification (15%) was mixed with cattle slurry (30%), peat (25%), pond
mud (22%), limestone (6%) and topsoil from farmed fields). Subsequently, the dynamics of
phosphorus availability (Pm and Pe) for plant nutrition was analyzed on a monthly basis
according to [25] for one year. Plant yields were analyzed via modified barley germination
tests [30], and the weight change of the phytomass above ground after three months of
vegetation was measured (%).

To analyze the ethical background in the decision making of European drinking water
treatment plant engineers, they were provided with (1) recent literature [31] that describes
the chemistry of how ferrous sludge from drinking water clarification damages phosphorus
bioavailability in soil and (2) analysis of their ferrous sludge which included the dynamics
of soil phosphorus bioavailability degradation. Subsequently, engineers were asked the
following questions: (Q1) Do you have reservations towards the use of ferric hydroxides
and the subsequent use of ferric sludge for agricultural purposes?; (Q2) Do you have
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confidence in the results provided? (Q3) Are the results presented by our team surprising
to you?; (Q4) Are you willing to take any countermeasures?

3. Results and Discussion

Because water and phosphorus are inseparable from food production, their ethics
are everyone’s business [32,33]. As phosphate resources decline, phosphate fertilizers in-
evitably become a scarce and therefore a costly feedstock, with strict impact on agriculture
and food security [34]. Access to deposits of phosphate rock is politically delicate and
financially challenging [26]. Phosphorus is mandatory for the transmission of hereditary
information, making it necessary for the reproduction of animals and plants. The depen-
dency of global agriculture on imported phosphorus fertilizers and fossil fuels in particular
is ambiguous [35]. To our best understanding, environmental quality and reasonably equal
distribution of natural resources are not explicitly stated in any jurisdiction around the
world. According to Hancock [36], the current political, ethical and legal situation needs
to be redefined. His vision is that every human should have equal rights not only to a
healthy environment but also to affordable natural resources. As a result, such a theory
means that everybody, including the poor, i.e., society’s most vulnerable group, may claim
the right to affordable phosphorus. On the basis of political beliefs, some would regard
such a global arrangement as a utopia and others as a dystopia [37], Nevertheless, given
the global situation of the early 21st century, we can hardly imagine such a situation in
the foreseeable future. The current demand for drinking water, which is becoming scarcer,
is being met by drinking water treatment plants that provide their services to steeply
rising numbers of people. These conglomerates do not miss an opportunity to inform
their customers about the latest efforts they are making in terms of social responsibility or
sustainability [17]. However, a review of the literature [19,38], in agreement with a web
search and communication with water treatment plant engineers, unreservedly confirms
that clarification of drinking water by ferric hydroxide is nowadays the cheapest legal
and globally prevailing technology for converting fresh water into drinking water. The
annual worldwide production of ferrous sludge is counted in millions of tons [24], with
this amount increasing by an average rate of 5% each year, and its incorporation into arable
land affects vast expanses of farmland [39].

Analyses of ferrous sludge from 65 European water treatment plants have shown
negligible deviations (the accuracy of the analytical techniques used is around 1%, which
makes any additional statistics on deviations irrelevant) in terms of the country of origin
(Table 1). This is in line with the findings of Herreño et al. [40] as well as Gomes et al., [24]
who both assume that the composition of ferrous sludge from water clarification is nearly
consistent all over the world.

Table 1. Biochemical characteristics of ferrous sludge (converted to volatile solids VS), where: A = Austria; CZ = Czech
Republic; F = France; DE = Germany; GB = Great Britain; I = Italy; CH = Switzerland; (#) = number of water treatment plants;
Al2O3 = aluminum oxide; CaO = calcium oxide; Cell = cellulose; Fe2O3 = iron oxide; Lign = lignin; MgO = magnesium
oxide; MnO2 = manganese oxide; Cox = oxidizable carbon; P2O5 = phosphorus pentoxide; SiO2 = silicon oxide; S = sulfur
and vs. = volatile solids; n = 10; α = 0.05.

A (13) CZ (14) F (9) DE (16) GB (3) I (7) CH (3)

Al2O3 (mg.kg−1) 0.8 ± 0.2 1.1 ± 0.4 1.0 ± 0.5 0.9 ± 0.4 1.0 ± 0.3 1.1 ± 0.3 0.9 ± 0.2
CaO (mg.kg−1) 0.3 ± 0.1 0.4 ± 0.3 0.6 ± 0.3 0.3 ± 0.2 0.4 ± 0.2 0.3 ± 0.2 0.9 ± 0.3
Cell (mg.kg−1) 2.0 ± 0.4 1.7 ± 0.3 2.2 ± 0.5 1.9 ± 0.3 1.9 ± 0.6 1.9 ± 0.3 2.1 ± 0.4

Fe2O3 (mg.kg−1) 8.9 ± 0.9 5.3 ± 1.2 9.8 ± 1.5 8.3 ± 3.6 9.9 ± 2.1 7.0 ± 2.4 8.3 ± 1.0
Lign (mg.kg−1) 1.4 ± 0.3 1.5 ± 0.3 1.5 ± 0.6 1.2 ± 0.4 1.6 ± 0.4 1.6 ± 0.6 1.5 ± 0.2
MgO (mg.kg−1) 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.1 0.1 ± 0.0 0.1 ± 0.1 0.2 ± 0.1 0.1 ± 0.0
MnO2 (mg.kg−1) 0.1 ± 0.1 0.1 ± 0.0 0.2 ± 0.1 0.1 ± 0.0 0.2 ± 0.1 0.2 ± 0.2 0.1 ± 0.1

Cox (mg.kg−1) 2.1 ± 0.1 2.1 ± 0.1 2.2 ± 0.1 2.1 ± 0.1 2.1 ± 0.1 2.1 ± 0.2 2.2 ± 0.1
P2O5 (mg.kg−1) 0.1 ± 0.0 0.1 ± 0.1 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.0 ± 0.0
SiO2 (mg.kg−1) 3.6 ± 0.3 3.7 ± 0.4 3.3 ± 0.5 3.4 ± 0.5 3.6 ± 0.3 3.3 ± 0.3 3.4 ± 0.4

S (mg.kg−1) 0.0 ± 0.0 0.0 ± 0.0 0.1 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.1 ± 0.0 0.0 ± 0.0
VS (mg.kg−1) 21.0 ± 3.1 19.7 ± 4.4 22.5 ± 3.5 19.1 ± 2.9 16.7 ± 3.4 20.3 ± 2.2 19.5 ± 4.4
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The incorporation of samples of ferric sludge from drinking water clarification into
typical European farming soils (for Humic Cambisol see Figure 1; for Gleyic Cambisol
see Figure 2) according to established practice independently confirmed the reservations
of Maroušek et al. [31], who pointed out the possible negative impacts on phosphorus
accessibility (Pm and Pe). Our observation is also in line with the first indications of
Huang and Wang [39], who warned against “terrestrial toxicity” of ferrous sludge without
addressing in detail the mechanism of its occurrence.
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Figure 2. The decrease of phosphorus accessibility for plant nutrition after incorporation of ferrous
sludge from drinking water clarification into Gleyic Cambisol, where Pm = mobile phosphorus (%);
Pe = extractable phosphorus (%) and the dashed line represents 90% confidence vicinity, n = 10;
α = 0.1.

As shown in Figures 1 and 2, the Pm decreases gradually in the first three months and
then falls sharply to somewhere between a third to a fifth of its original levels, depending
on the type of soil. The second common way to express phosphorus availability for plant
nutrition, the analysis of Pe, falls almost linearly at somewhere between a third and a
quarter of the original values. Following the above, it can be considered as independently
proven that phosphorus accessibility for plant nutrition after the incorporation of ferrous
sludge from drink water clarification into both soil types confirmed the latest indications
from biochemistry literature stating that the chemical nature of the ferric sludge locks
phosphorus into ferric phosphates, making it not only worthless for plant nutrition, but
even harmful to nutrient cycles in soil [23,26]. In addition, the same mechanisms were
indirectly confirmed with analyses of barley phytomass production (Table 2).
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Table 2. Analysis of decrease in barley phytomass yields (vegetation season before the
experiment = 100%) where: HC0 = Humic Cambisol; HCfs = Humic Cambisol after application
of ferrous sludge from drinking water clarification; GC0 = Gleyic Cambisol; GCfs = Gleyic Cambisol
after application of ferrous sludge from drinking water clarification; I–IV. vegetation season, n = 10;
α = 0.05.

I. II. III. IV.

HC0 (%) 92 85 81 77
HCfs (%) 91 80 73 66
GC0 (%) 96 94 92 91
GCfs (%) 93 82 68 60

Afterwards, 65 engineers in charge of the concerned drinking water treatment plants
were provided with scientific literature that explains the chemistry of phosphor immo-
bilization [31,33] and with our results regarding the dynamics of Pe and Pm following
the incorporation of their specific ferrous sludge (analogously as in Figures 1 and 2). All
questionnaires were returned correctly filled in time, which gives us the impression of a
serious response. Feedback from engineers and the main directions of their thinking are
represented in Figure 3.
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Figure 3. Visualization of the opinions of engineers responsible for water treatment plant operation
(the line thickness is proportional to the number of responses), where: (Q1) Do you have reservations
towards the use of ferric hydroxides and the subsequent use of ferric sludge for agricultural purposes?;
(Q2) Do you have confidence in the results provided? (Q3) Are the results presented by our team
surprising to you?; (Q4) Are you willing to take any countermeasures?

The response to Q1 (Do you have reservations towards the use of ferric hydroxides and
the subsequent use of ferric sludge for agricultural purposes? yes = 26; to some extent = 35;
no = 4) can be interpreted as meaning that only a small number (6%) of engineers have
no reservations towards today’s practices regarding ferrous sludge from drinking water
clarification. In our understanding, this indicates some primary discrepancies between
the engineers’ inner conviction and the current state of legislation. We assume that this
is due to the high level of the chemical and technical education among this specific social
group, which could be associated with a high level of critical thinking. Our opinion is
based on the study of Ralston and Bays [41], who reported a statistically significant increase
in critical thinking over four years of higher technical education. In addition, according to
Maroušek [42] European engineers are apparently educated to be skeptical towards the laws
created by humans and guide themselves inherently by the laws of nature (biochemistry
in this case). The origin of this controversy leads us to the debate on the current state of
legislation in soil practice, which is criticized as being outdated (only the introduction of
nontoxic inputs is generally considered legal, see [43]). However, there is still a long way
to go from highlighting and acknowledging legal gaps to prevention. Psacharopoulos [44]
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argues that the cost of obsolete legislation is usually difficult to quantify and introduces
the concept of the “social cost of an outdated law”. It needs to be accepted that engineers
themselves can hardly change the established legislation, but it is worth discussing whether
they should at least proactively share their reservations with the public.

Regarding Q2 (Do you have confidence in the results provided? yes = 63; to some
extent = 2; no = 0) it can be stated that drinking water treatment engineers perceived the
argumentation in the scientific literature as conclusive and our results on phosphorus
immobilization trustworthy. Of those who had reservations towards current practice in
the management of ferric sludge from drinking water clarification (Q1) 100%, along with
97% of those who indicated some reservations believed, in our results. It is worth noting
that 75% of engineers who showed no reservations towards the current state of ferrous
sludge management (Q1) reported confidence in the revelations by Maroušek [45] and
in our analyses (Q2). To admit something is a prerequisite for resolving disagreements
about ethical issues [46]. Numerous authors have already reported higher levels of trust
in science among engineers [13]. The data obtained do not allow analysis of the extent
to which the answers were linked to specific results or to research literature in general.
Nevertheless, Funk [47] showed that in the USA engineers have a higher level of trust in
science than an average sample of the population. Maroušek [48] stated that international
analysis indicates broad similarities with engineers in Germany and the United Kingdom,
including the fact that trust in research reports can fluctuate depending on who employs
the authors and what the topic under discussion is.

As far as Q3 (Are the results presented by our team surprising for you? yes = 0; to
some extent = 7; no = 58) is concerned, one can guess that the threat to agricultural soil
is seen by water treatment engineers as of no surprise. 92% of engineers who reported
confidence in the scientific literature and our work (Q2) were not surprised by the results.
The reason is probably that our findings on phosphorus availability are in good agreement
with the theoretical knowledge of iron and phosphorus biochemistry [23] and with the
fact that farmers have already been complaining about the suspiciously low yields and
the reported photos of crops suffering from phosphorus deficiency, even under increased
phosphorus fertilization [31]. The high level of trust among engineers in general can also
play a part [49].

With regard to Q4 (Are you willing to take any countermeasures? yes = 0; to some
extent = 9; no = 56) it should be remembered that the engineers questioned have been
carefully selected to make sure that they are responsible for the daily operation of compa-
nies and key engineering decisions. Nevertheless, the feedback of engineers on Q4 shows
their lack of interest in changing the ongoing practice as well as in ethical responsibility
towards environmental welfare or sustainability. Of those who were not surprised by the
explanation of the iron—phosphorus chemism, either by analysis of their ferrous sludge
or not, 97% are not going to make any change in their managerial practices. It is worth
mentioning that all of them declare trust in the scientific literature and in our analyses.
In other words, although numerous alternative technologies are known, water treatment
engineers strictly follow financial indicators and exploit the obsolete status of legislation.
The only advantage of such an approach that we can think of is its predictability. Alterna-
tive technologies are not illegal but are slightly more costly [12,50]. Building on empirical
findings in agreement with the results of the questionnaire, it can be suggested that con-
glomerates in water management are less likely to implement environmentally friendly
measures at their expense provided these have not yet been on the public radar screen
to the same extent as the chemical or petrochemical industries. Ramus and Montiel [51]
argue that customers often prefer to purchase goods and services from companies with a
good reputation for caring about the natural environment, with the outcome that others
may perceive a potential market penalty for not committing to environmental policies.
Nevertheless, the water business offers the possibility to choose another supplier only in
exceptional [52].
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There is a wide consensus that the early development of humanity can be characterized
as a struggle for survival [53]. Human behavioral biology gives us exact numbers of
descendants and relatives for whom it is rational to sacrifice one’s own life [54]. As a
result of recent struggles, there are many people in developed countries who have limited
concerns about their safety on a daily basis. Recently, however, phosphorus was included
in the bill of twenty critical raw materials by the EU as it represents the only material
that is highly relevant for agriculture and food security [26]. The limited supply on the
market, the high demand from developed countries and weak currencies make phosphorus
exhaustibility even more urgent for developing countries. In these regions, phosphorus
scarcity is a key challenge. Following the EU subsidy policy and the trade policy of the
USA, agricultural commodity prices are rising steeply in the developing world and often
exceed prices in developed countries. According to Stutter et al. [55], recycled phosphorus
is not likely to become a full-scale solution to a future phosphorus crisis, yet it will become
a key contributor to mitigating the impact of phosphorus insufficiency. The resulting
polemic engenders comments about human dignity, since there is no food or affordable
life without phosphorus and those to whom it is denied are condemned to poverty or
denied a living. The susceptibility to specific environmental arguments is an objective
of the ethical weighting of competing beliefs and political standpoints [36]. Weighting
sustainability criteria to guide engineering choices is both an ethical and a practical task
(Maroušek et al., 2014). To meet the standpoints of water treatment engineers, a socially
responsible solution must therefore focus on efforts to improve the overall economic
performance. Huang and Wang [39] proposed turning sludge into a lightweight aggregate
for civil engineering even without using any gas-releasing additives. The recent work of
Herreño et al. [40] proposes using sludge as a partial substitute for clays in non–structural
brick production [56]. Nevertheless, the economic aspects are still under verification. Given
the pace of soil destruction, it is not advisable to delay countermeasures any further [39].
As we have already tried to point out, the social impacts are serious because phosphorus
is one of the key elements necessary for the existence of life on earth and it is expected to
become scarce in a few decades. Hancock [36] argues that the duties of engineers should
be conceptualized in ethical terms pursuant to the reasoning of political philosophy, rather
than based on legal obligations [57]. However, following the above it seems that the
amended legislation could address the ethics via identification of the ongoing practice as
illegal and subsequently stimulating research on ferrous sludge utilization [58]. Narrow
and incomplete knowledge of corporate environmental conduct, as well as uncertainty
about the regulatory punishment for greenwashing, actually contribute to greenwashing [8].
Notwithstanding this, such a project would be susceptible to the same criticisms that beset
attempts to establish a philosophical basis for human rights [59]. On any occasion when
engineers make use of phosphorus (regardless of whether they are water, agricultural, or
other engineers in the field), they have to consider the social aspects and their commitment
to future generations [60]. Only by acting in solidarity can engineers contribute to that
necessary component of the common good that is peace.

4. Conclusions

There is a fragile harmony between mankind and nature that needs to be protected.
Based on our case study, we conclude that the ethically aware conduct of engineers is a pre-
requisite for sustaining life during the present age. The scarcity of water and phosphorus
resources is a complex challenge. It is unnecessary to increase these risks by irresponsible
behavior. Our findings on the questionable behavior of water treatment engineers require
urgent countermeasures. The lay public has only limited tools for recognizing greenwash-
ing. It should be the proactive and rigorous work of academia to present the evidence
and report any suspicion of unethical behavior. Nevertheless, independent researchers
should not only act as a public tool or as whistleblowers. Subsequently, academia should
intervene more deeply in engineers´ education and point out that, from the perspective
of morality, engineers should not do certain things, even if they are financially rational,
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in terms of human life expectancy. Ethical behavior, therefore, is an obligation for every
engineer; and as the above- stated case study has demonstrated, it might even be the factor
that significantly conditions the survival of humanity as a whole.
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