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) Closing the Organic Loop
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ProfiKkomp® provides professional solutions
to treat compostable bioplastic wastes
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Tisztelt Holgyeim és Uraim,

kedves Kollégak!

20 évesnek lenni j6! Addigra az ember mar
sok mindent megtanult az iskoldban és az
életben, és altaldban szivesen emlékezlink
vissza azokra az id6kre, amikor 20 évesen,
érettségivel a zseblnkben, kreativan, rugal-
masan, és az Ujra nyitottan éltik életlink ta-
lan legszabadabb korszakat valamelyik fel-
séoktatasi intézményben.

Egy cég életében is nagy dolog a 20. év
megélése, igy miis blszkén, emelt fével tin-
nepelhetjik, hogy 20 évesek lettiink. Ezid&
alatt sok mindent megtanultunk a Profi-
komp®-nadl, és komoly kreativitasra is szlksé-
guink volt, hiszen nem sok olyan szakterulet
van, amiben annyi valtozas tértént volna az
elmult 20 évben, mint a hulladékgazdalko-
dasban. A Profikomp® induldsakor muszaki
védelem nélkililerakodkba raktuk a kommu-
nalis hulladék nagy részét, ma pedig az
a célunk, hogy a korszer( hulladéklerakok-
télis eltéritstik a hulladékot. 20 évvel ezel&tt
a hulladék egy negativ dolognak szamitott,
amitél mindenki meg akart szabadulni, ma
pedig mar korforgasos gazdasagrél beszé-
lUnk és egyértelmUen masodnyersanyagot
vagy energiaforrast latunk a hulladékban.
Blszke vagyok arra, hogy ebben a véltozas-
ban a kivélo Profikomp® csapatra és partne-
reinkre tdmaszkodva meggéltik a 20 évet, és
folyamatosan tudtunk fejlédni.

Ez a lapszém is nagyon jol bizonyitja,
hogy mi a Profikomp®-nal — a mostani vis-

Dear Readers,

It is a good feeling to be twenty years old. By that
time, a person has learned many things at school
and in life. Generally, we remember these times
with pleasure — when we were fresh graduates
from secondary school, and we lived our lives in a
very creative, flexible, and open way at university
or high school, as freely as possible.

Becoming 20 years old is a great thing in the

life of a company as well. Therefore, we are
proud to celebrate this anniversary. We have had
many experiences during this time, and a great
deal of creativity was also required on behalf of
Profikomp?, since the field of waste management
has changed tremendously over the past 20

years. At the time of launching Profikomp®, the
technology of landfilling waste without technical
protection was widely used. Nowadays, our goal
is to divert as much waste as possible from up-
to-date landfills. Twenty years ago, waste was

seen as a negative thing; everyone wanted to get

szaemlékezések mellett —, a jovében fontos-
sa valo tertletekkel foglalkozunk. A biologi-
ailag bonthatd mudanyagok témakore szinte
mindenkit érdekel a szakma, a tudomany és
a hétkoéznapi emberek szintjén is, ennek el-
lenére rengeteq a félreértés, és a szandékos,
vagy informécié-hidnyon alapuld félreve-
zetés. A Biohulladék Magazin egyik legfon-
tosabb kuldetése éppen az, hogy az ilyen
szakmai kérdésekben tiszta vizet 6ntstink a
pohdrba, ezért ebben a lapszémban is fog-
lalkozunk a biomdanyagok témakorével.

Aszennyviziszapok kezelése szintén a szak-
ma egyik legvitatottabb aktudlis témakore,
hiszen nagyon sok opcié johet szamitasba.
Akét jelenleg legjobbnak tliné megoldasra,
a komposztélas utdni mezégazdasagi, rekul-
tivacios hasznositasra, illetve a monoégets-
ben torténd, hamubdl foszforvisszanyerés-
sel kombindlt termikus kezelésre is ldtunk jél
mUkodd technoldgidkat a nemzetkodzi pia-
con. Eurépdban az egyes orszagok sajat ma-
guk hatdrozzédk meg, hogy milyen irdnyba
szeretnék a jovében az iszapkezelést fejlesz-
teni. Ehhez a terllethez kapcsolédodan két
cikkben is taldlnak szakmai aktualitasokat.

A tudoményos rovatban a hulladék és
melléktermék alapu szubsztratokon meg-
valosuld rovartenyésztés témakorével fog-
lalkozunk, ami a rovarfehérje és egyéb ter-
mékek (pl. kitozén) elééllitdsa miatt szintén
nagyon aktudlis témakar.

rid of it. At present, however, we talk about the
circular economy, and waste is clearly considered

a secondary raw material or energy source. I am
proud of being part of this change, and of being
able to continuously develop, relying on the
excellence of the Profikomp® Team and our Partners.
The present issue of BioWaste Magazine also proves
that — besides the current reminiscing — we are
dealing with important future fields of waste. The
topic of biodegradable plastic is of great interest to
experts, science, and everyday people. Despite this,
there are numerous misunderstandings about it, and
much intentional disinformation, or disinformation
due to a lack of information. One of the main
missions of BioWaste Magazine is to provide

clear guidelines about professional issues such as

the aforementioned one, thus we also deal with
biodegradable plastic in this issue.

The treatment of sewage sludge has also been one
of the most widely disputed topics recently, due

to the large number of potential options for this.
The two most promising options are agricultural
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éﬁgz::/

Tisztelettel:
Dr. Aleksza Laszlo

(recultivation) utilization after composting, and
thermal treatment combined with phosphorous
recovery from the ash resulting from mono-
incineration. Both technologies are represented on
the international market. In Europe, each country
has the right to decide how to develop their sludge
treatment processes. Related to this field, two
articles are shared in the present magazine.

In the science section, we deal with the very
relevant topic of insect-breeding technologies
using waste and by-product substrates to produce
insect protein and other products (e.g. chitosan).

Dear Readers, Partners and Friends! At the end
of this unusually sentimental foreword, please
allow me, finally, to express my most sincere
wishes for your health, success, prosperity, and
balance in the New Year 2021!

Yours,

Dr. Laszlo Aleksza Ph.d.
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~ DR, ALEKSZA LASZLO, BEZECZKY-BAGI BEATA

PROFIKOMP® KORNYEZETTECHNIKA ZRT.

Profikomp20

20 éves a Profikomp®. Vagy: Profikomp©20. Akarhogy is forgatjuk

a szavakat, egy husz éves évfordulo oriasi mérfoldkonek szamit
egy cég életében. Emellett kivalo alkalmat nyujt szamvetésre,
visszaemlékezésre, vagy egy kis elmélkedésre a jovot illetoen.
Es a mi esetiinkben - itt a Biohulladék Magazin hasabjain —
remek alkalom nyilik arra is, hogy egy rendhagyo interji soran
a cégvezeto tulajdonost, Dr. Aleksza Laszlot faggassuk arrél, mit

is jelent szamara és a cég szamara az elmiilt idoszak.

SILOS KOMPOSZTALO EGYSEG A LEGUJABB CSEVELO BERENDEZESSEL /
SIDE WALL COMPOSTING UNIT WITH OUR LATEST WINDING EQUIPMENT

- llyenkor automatikusan felvetédik
a kérdés: 20 évvel ezel6tt gondoltad
volna, hogy ez lesz, hogy idaig jut
a Profikomp®? Milyen gondolatokkal,
milyen érzésekkel és elképzelésekkel
alapitottad meg a céget?

Bar kéztudottan optimista ember vagyok,

és ezt probalom a munkatarsak felé is fo-

lyamatosan kozvetiteni, de azt, hogy a

Profikomp® a nemzetkdzi piacon is ilyen

magasra jut, és ezt a poziciodt ennyi idén

keresztl folyamatosan meg is tartja, azt

a legmerészebb dlmaimban sem gondol-

tam volna 20 évvel ezel6tt. Rdadasul a si-

kereinket,igazi"magyar kisvallalkozasként,
kulsé tékebevonas nélkil, a human eré-

2 Biohulladék

forrdsunkra, innovacios tevékenységinkre
és kreativitdsunkra tdmaszkodva értuk el.

A cég alapitdsanak elézménye egy egy-
éves ausztriai gyakorlat volt, amely sordn
egyetemistaként megismerkedhettem a
nyugati szomszédunknal éppen akkor indu-
|6 szelektiv biohulladék gyUjtéssel és kom-
posztalassal. Ez akkoriban, a '90-es évek-
ben hazankban (is) teljesen ismeretlen
volt, de szdmomra a nyilvanvalé elénydk
miatt nem volt kérdés, hogy rovid idén
belll egész Eurdpdban, sét a vildgon is
szembesillink egyrészt a hulladékgaz-
délkodas kihivésaival, masrészt a talaja-
ink szervesanyag hidnyaval. Ha van olyan
megoldas — mdrpedig a komposztalds az -,
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amely mindkét kihivasra egyidejlileg va-
laszt ad, akkor annak komoly jové elétt
kell élinia. Ekkor fogalmazddott meg az
a kuldetés és jovokép, hogy létrehozzak
egy céget, amely mérnoki és kereske-
delmi szolgéltatést nydjtva koérnyezeti és
gazdasagi szempontbdl is optimdlis tech-
nologidkat fejleszt és értékesit a hazai és
a nemzetkozi piacon is. Késébb nem csak
komposztalassal, hanem a kornyezetipar
egyéb terlleteivel is elkezdtink a legma-
gasabb szinten foglalkozni: tobbek kozott
a szarazfermentaciés biogaz eléallitassal
vagy éppen mikroalgdk hasznositasaval.

- Hogyan emlékszel vissza a kezdetek-
re: mik voltak az akkori nehézségek,
és mi volt az a plusz, aminek a segit-
ségével el tudott indulni a cég?

Altalaban ha egy cég egy teljesen Uj te-

rulettel kezd el foglalkozni - és 1991-ben

a szelektiv gydjtés, valamint a hulladék-

hasznositas kérdéskore ilyen volt —, akkor

az alehetéségek mellett rengeteg nehéz-
séget is jelent. Akkoriban a szakembere-
ket leginkabb az foglalkoztatta, hogy jo
lenne a hulladékot mUszaki védelemmel
elldtott lerakdba helyezni, hogy megaka-
dalyozhassuk a kozvetlen kornyezetkd-
rositast. Ma pedig mar nyilvanvald, hogy



a lerakds a hulladékkezelési hierarchia leg-
alsé fokadn, mint legrosszabb opcié szere-
pel. Ezt a szemléletvaltozast mi mar tobb
évtizeddel ezeldtt probaltuk a dontésho-
76k, a szakemberek és altaldban a tarsa-
dalom felé kdzvetiteni, ezért a Profikomp
induldsakor rengeteg bemutatot, szak-
mai rendezvényt szerveztiink, kiadvanyo-
kat készftettlink, hogy bemutassuk a bio-
hulladékok szelektiv gydjtésének jelents-
ségét, a komposztok felhasznélasdban rej-
|6 lehetéségeket. Ez akkoriban sok eset-
ben oridsi befektetés volt, amely csak na-
gyon lassan térllt meg. Emellett sokszor
Gtkoztunk falakba is, ami id6szakosan nyil-
van nehézségeket okozott a cégnek.

- Melyek voltak azok az események,
dontések, amelyek Uj tavlatokat nyi-
tottak a fejlédésben? Volt-e olyan don-
tés, kezdeményezés, ami végiil még-
sem felelt meg a varakozasoknak?

A hulladékok hasznositdsa nemzetkdzi ki-

hivas, igy az, hogy mi a kezdetektdl fogva

nemcsak a hazai, hanem a kilféldi piaco-
kon is aktivak voltunk, mindenképpen jo
dontésnek bizonyult. A mi piacunk ugyanis
hektikus abbdl a szempontbdl, hogy a hul-
ladék hasznositasi technoldgidk értékesité-
se erdsen fligg az adott orszag jogszabalyi
hatterétdl, kornyezeti politikdjatol és tdmo-
gatasi rendszerétdl, igy a tébb piacon tor-
ténd jelenlét segitette a cég folyamatos fej-

A bioldgiailag bont-
haté hulladékok hasz-
nositdsa mindig is ké-
nyes téma volt a hul-
ladékkezelSk korében:
nagy mennyiségli a-
nyagdramrdl van szo,
jogszabdlyi oldalrdl
egyre szigorubb el6-
irdsoknak kell megfe-
lelni, és a lakossdg is érzékenyen reagdl, ha
nem megfeleléen zajlanak a bioldgiai folya-
matok a komposztdlds sordn. Ferencz Kdroly
a VERTIKAL Nonprofit Zrt. igazgatésdgi tagja,
kordbbi vezérigazgatdja, rengeteg tapasztalat-
tal rendelkezik a vdllalat telephelyein alkalma-
zott Profikomp® Technoldgidrdl, annak iizemel-
tetésérél — s ezt most meg is osztja veliink.

A VERTIKAL Nonprofit Zrt. mdr t6bb, mint 20
éve alkalmazza a biolégiailag bonthatd hul-
ladékok kezelésére a Profikomp® dltal kifejlesz-
tett komposztdldsi és mechanikai-bioldgiai
hulladékkezelési (MBH) technoldgidkat. A hul-
ladékgazddlkoddsnak fontos eleme csomago-
Idsi és a zoldhulladékok szelektiv gydjtése és
feldolgozdsi rendszere, mely vdlogatémUive-
ket, bdldzdkat, illetve komposztdld mdveket is
tartalmaz. Immdron két évtizede alkalmazzuk
telepeinken sikeresen a Profikomp® Komposz-
tdldsi Techno-logidt, melynek segitségével a
szelektiven gydjtétt zéldhulladékbdl kivdld mi-
néségl komposztot tudunk elédllitani.

Telephelyeinken emellett a maradék, vegyesen
begydjtétt hulladék mechanikai-biolégiai keze-
lésen esik dt, mely sordn a Profikomp® MBH Tech-
nolégidval egyrészt energetikailag hasznositha-
té hulladékfrakcio dllithaté elé, mdsrészt csok-
kenteni lehet a maradék hulladék szerves anyag
tartalmdt és ez dltal a lerakdk terhelését.

A cégcsoportalegujabb technolégidkkal, in-
novdciéval, illetve hazai egyetemekkel kbz6sen
azon dolgozik, hogy egy olyan teljes kérii kéz-
szolgdltatdst nydjtson, amelyben az elkiloni-
tett hulladék minél nagyobb ardnyban legyen
eltéritve a hulladéklerakotdl, ezzel torekedve
a tokéletes korforgdsos hulladékgazddlkodds
megvaldsitdsdhoz. Ehhez nem csak az egyes
technoldgiai rendszerek kidolgozdsdban part-
ner a Profikomp® hanem a kiilénb6z6 hulladé-
kok és az azokbdl elddllitott termékek elemzé-
sében, vizsgdlatdban, felhaszndldsdban is fo-
lyamatosan egyitt dolgozunk.

The recovery of biodegradable waste has
always been a sensitive topic in the field of
waste management. In terms of volume,
there are massive quantities of this type of
waste, and legal regulation is becoming ever
stricter. Moreover, the population is sensitive
about the undesirable biological processes
that can occur during composting. Mr. Kdro-
ly Ferencz, board member of VERTIKAL Ltd.
and former CEO, has extensive experience
with the range of Profikomp® Technologies
and their operations as applied to the com-
pany's plants. He shares his thoughts about
this topic below.

VERTIKAL Ltd. has been applying the compost-
ing and mechanical-biological waste treat-
ment technologies developed by Profikomp®
for over 20 years. Waste management includes
important elements such as the separate col-
lection of packaging and green waste, as well
as separating, baling, and composting units.
To date, we have successfully used Profikomp®
Composting Technology, with which we are
able to produce high quality compost from
separately collected green waste.

In addition to the above, the rest of the waste
that is collected in a mixed form is treated
through mechanical-biological process. From
this, a waste fraction that can be utilized en-
ergetically can be produced. Moreover, the
organic content of the rest of the waste mate-
rial can be decreased, thus reducing the load
going to landfill.

In co-operation with cutting-edge technolo-
gies, innovation, and Hungarian universities,
our Group is engaged in providing a compre-
hensive public service, whereby the highest pos-
sible proportion of separately collected waste
is diverted from landfills, thus contributing to

the implementation of

a perfect system of cir-
VE RTI KA

cular waste manage-
ment. We partner with
Profikomp® in terms of
helping elaborate tech-
nological systems, as
well as in the analysis,
research, and use of
products made of dif-
ferent waste types.
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Dr. Liszlé Aleksza, Bedta Bezeczky-Bagi —
Profikomp® Environmental Technologies Inc.

Profikomp©20

Profikomp® Inc. is twenty years old. In other
words, Profikomp®20. In any case, a 20-year
anniversary is a huge milestone in a compa-
ny's life. It provides an outstanding opportu-
nity to take stock, to look back, and to reflect
on the future. In our case, this is a great occa-
sion to make a special report here in BioWaste
Magazine with Dr. Lészl6 Aleksza, CEO and
owner of Profikomp® Inc., about the compa-
ny’s last 20 years.

—The first question may be an obvious
one, but it is important. What did you
think about the future of Profikomp®
20 years ago? What were your thoughts,
feelings, and visions when you estab-
lished this company?

I am well known as an optimist, and I con-
tinuously try to communicate my optimism
to my colleagues too. Still, 20 years ago I did
not dream that Profikomp® would become so
successful on the international market, and
be able to hold its position for such a long
time. What is more, we have achieved success
as a 'real' Hungarian small business, without
raising foreign capital, merely by relying on
our own human resources, innovation activi-
ties, and creativity.
Before launching the company I spent a year in
Austria as an apprentice. I became acquainted
with the concept of separate biowaste collec-
tion and composting, which had just started
there at that time. This system was entirely un-
known in Hungary (too) in the 1990s. For me,
the obvious advantages of the system made it
clear that in the near future we would face chal-
lenges with waste management and a loss of the
organic content of soils, not only in Europe but
also worldwide. Composting seemed to be the
perfect solution to these challenges, as it is able
to simultaneously handle both problems. After
envisioning the future of composting, I took
on the mission of launching a company which
could develop environmentally and economi-
cally feasible technologies, both for Hungarian
and international markets, by providing engi-
neering and sales-related services. Later on, we
started to deal with other fields of the environ-
mental industry at the highest level, in addition
to composting — for example, the production
of biogas through dry fermentation, and the
utilization of micro algae.

— How do you remember the beginning?
What were the major difficulties at that
time, and how was the company able to
start operating?

In general, when a company starts to deal
with an entirely new discipline (which was
the case in 1991 in the fields of separate waste
collection and waste recovery), it is essential
for them to overcome a great deal of difficul-
ties. At that time, experts were mostly ori-
ented towards safe waste disposal — i.e., waste
disposal using technically protected landfills,
thus preventing the environment from be-
ing directly damaged. Today it has become
clear that the landfilling of waste is the worst
option, and this approach is located at the
bottom of the waste management hierarchy.

Biohulladék 3
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Even decades ago we were trying to change
the perceptions of decision-makers, experts,
and, in general, society. In line with this aim,
we organized numerous professional pre-
sentations and events, and made brochures
to introduce the significance of the separate
collection of biodegradable waste and the po-
tential involved in the use of composts. These
activities required huge investment, which
only returned really slowly. In addition, we oc-
casionally came up against brick walls, which
obviously hindered the company's operations.

— Which events or decisions were the most
critical in Profikomp®'s development?
Did you make any bad decisions, or were
you engaged in any initiatives that ulti-
mately did not meet your expectations?

Waste recovery is an international challenge.
Accordingly, the fact that Profikomp® has been
active both on domestic and international mar-
kets from the beginning proved to be a good
decision. It should be noted that this market
is active in terms of the sales of waste recovery
technologies. Sales conditions are highly de-
pendent on legal regulations, environmental
policy, and the subsidies in specific countries,
thus the presence of Profikomp® on multiple
markets has facilitated our continuous de-
velopment. Profikomp® has had orders from
many countries over the past 20 years. The
most successful ones included the delivery of
equipment to Spain and Poland.
Using the membrane-covered, controlled and
aerated systems of Profikomp®, more than
0.5 million tons/year of biowaste is treated in
Spain and Poland. Our innovation activities
and research and development (R&D) proj-
ects are also of key importance. Our two most
important developments may be our cutting-
edge control system, and the Profikomp” Lift-
ing System. With regard to bad decisions...
of course there have been many, but I cannot
remember any at this festive moment. :-)

— Regarding the success of a company, the
team behind the CEO plays a crucial
role. What do you think — what is the se-
cret of Profikomp®?

The secret of Profikomp® is definitely the
TEAM, which in the strictest sense compris-
es my direct colleagues who have excellent
professional competences and human quali-
ties. Profikomp® is characterized by the fact
that there is virtually no fluctuation at the
company: quite a few colleagues have been
working for the company for more than ten
years, in fact, some have strengthened our
team from the beginning, even though un-
fortunately not all of them can be with us
anymore. As a matter of fact, the loyalty and
stability of Profikomp®'s direct employees,
as well as our long-term good relationships
with external partners, are both representa-
tive of the company.

— In terms of long-term relationships, could
you please tell us which partners you have
been co-operating with for decades?

It is a key objective for us to demonstrate

the highest professional quality. Therefore,

we have co-operated with our 'alma mater’,

Szent Istvdn University, from the very begin-

ning. In addition, we have had a good work-

ing relationship with several Hungarian and
foreign higher education and research insti-
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Egy jol megvdlasz-
tott komposztdldsi
technoldégia mdr én-
magdban is félsiker
a szakszer( hulladék-
kezelésben. Mindany-
nyian tudjuk azon-
ban, hogy az tizemel-
tetés sordn szdmos egyéb gépnek, berende-
zésnek is rendelkezésre kell dllnia ahhoz, hogy
a telep kapacitdsdhoz mérten biztonsdgosan
alkalmazhaté legyen a technoldgia. llyen be-
rendezéseket - tébbek kézott takaréanyag
csévél6 berendezéseket, illetve az egyediildllo
PLS emelGszerkezetet — gydrtja a Profikomp®
szdmdra az Asinox Kft. Arrél, hogy milyen uji-
tdsok, innovdciok sziilettek a két cég egyiitt-
mUik6dése sordn, Szélig Jozsef, az cég ligyve-
zetGje szamol be.

Az egylttmUkddésink immdr 15 éves multra
tekint vissza és egy kétméteres dobrosta ter-
vezésével, gydrtdsdval indult. A komposztte-
lepek takaréanyag mozgatdsdnak gépesitése
ipari méretli vontatott csévélSkkel kezd6dott,
amit az egyedtildllé emel6tetés komposztdld
rendszer, a Profikomp?® Lifting System (PLS) ki-
fejlesztése és gydrtdsa kovetett. A mai legkor-
szer(ibb 6njdré csévélé gépeink tisztdn elektro-
mos meghaijtdssal is mikodnek akdr egy Tesla,
de ,z6ldebbek” annyiban, hogy ezt a villamos
energidt is a gép sajdt napelemei dllitjdk eld.
A gépeinket folyamatosan felligyeljik tdvel-
éréssel, olyannyira, hogy nemcsak kévetni, ha-
nem irdnyitani képesek vagyunk a télink ezer
kilométerre dolgozd berendezést.

A Szézat 5. versszakdbdl is idézhetnék két sort,
de az eredményeink kézdsek, a munkatdrsaink
ezeket a teljesitményeket folyamatos fejlédés
mellett, a ,két cég, egy cél” szellemében érték el.

A Profikomp® céglink legjelentésebb belfoldi
partnere, és egyben a folyamatos mUszaki fej-
lesztésre a leginspirativabb is. Amikor a kollégdik
mernek nagyot dlmodni, akkor minket vonnak
be az étletek megvaldsitdsba, a problémdk meg-
olddsdba. Mivel ezma is igy torténik, ez azt bi-
zonyitja szdmunkra, hogy az eddigi munkdnk
alapjdn szdmitanak a kreativitdsunkra.

Properly chosen composting technology
plays a determining role in professional
waste treatment. We all know, however,
that numerous other types of machines and
equipment must be available during such
operations to ensure the safe operation of
the former technology, in line with a plant's
capacity. Such types of equipment (incl.
cover winding machines and PLS lifting
machines) are manufactured by Asinox Ltd
for Profikomp®. We inquired of Mr. Jozsef
Szélig, CEO of the company, about the in-
novation that has been accomplished
through the partnership between the two
companies.

Our collaboration dates back 15 years, to when
we co-designed and manufactured a 2-meter-
long trommel screen The mechanization of the
moving cover layer of compost piles started
with industrial-scale towed winding machines,
followed by the design and manufacturing of
the unique Profikomp® Lifting System (PLS).
Our modern, self-propelled machines are pure
electric, like Tesla’s. However, they are ‘greener’
in the sense that electricity is produced by the
machine's own solar panels. Our machines are
continually monitored through remote access
in a way that we can both monitor and control
the equipment, even from 1000 km away.

We have achieved our results through collab-
oration, the work of our colleagues, and con-
tinuous development. We have worked in the
spirit of 'two companies — one goal. Profikomp®
is our most significant Hungarian partner. They
are also the most inspiring one in terms of
continuous technological development. When
their employees dream big, they involve us in
the realization

of ideas and

the solution of 7

problems. The

fact that this

has been hap- SIN|
pening is proof

that they count
on our creativity.

|6dését. Az elmult 20 évben nagyon sok or-
szagban dolgoztunk, de ha ki kell emelnem
a Profikomp® szempontjabol legfontosabb
projekteket, akkor azok a nagyon sikeres
spanyol és lengyel technoldgiaszallitasa-
ink. A Profikomp® membrantakardval zart,
szabalyozott, levegéztetett rendszereivel
ebben a két orszagban évente tdbb mint
félmillié tonna hulladékot kezelnek. Az in-
novacios tevékenységunk, a kutatas-fejlesz-
tési projektjeink szintén kulcsfontossaguiak
a céglnk életében, ezek kozul a korszerd
irdnyftastechnikai rendszerlinket és a spe-
cidlis membranmozgaté berendezésiinket
(Profikomp® Lifting System) emelném Kki.

A kérdésed masodik részére valaszolva,
természetesen egy cég életében szdmta-
lan rossz dontés is szlletik, de ezek most
az évforduld Unneplésekor nem jutnak
eszembe. :-)
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- Egy cég sikerei szempontjabél kulcs-
fontossagu, hogy milyen csapat all
a cégvezeté mogott. Mit a titka a
Profikomp®-nak?

A Profikomp® titka mindenképpen a Nagy-

betls Csapat, amely szlkebb értelemben

a kivalo szakmai felkészultséggel és em-

beri tulajdonsdgokkal rendelkezé kdzvet-

len kollégdimat jelenti. A Profikomp®-ot
jol jellemzi, hogy a fluktuacié sz6 gya-
korlatilag ismeretlen fogalom nélunk:
jonéhany kolléga tobb mint tiz éve dol-
gozik a cégnél, sét, néhanyan a kezde-
tektél fogva erésitik csapatunkat, mégha
kozilik sajnos nem is lehet mar min-
denki kozottink. Emellett nemcsak a bel-

s& munkatarsak lojalitdsa és stabilitdsa

meghatarozo, de a kilsé partnereinkkel

is kezdetektdl fogva, tobb évtizede dol-
gozunk egytt.



A Miskolci Egyetem M-
szaki Féldtudomdnyi Ka-
rdnak Nyersanyag-El6-
készitési és Kornyezeti El-
jdrdstechnikai  Intézeté-
ben nemzetkdzi szinten
is komoly kutatémunka
és oktatdsi tevékenység
zajlik mechanikai eljd-
rdstechnika, nyersanyag-
és hulladékelbkészités, kornyezeti eljdrdstechnika
és kérnyezetvédelmi geotechnika témdkban. Es
hogy mindez kapcsolddik-e a bioldgiai hulladék-
kezeléshez és a Profikomp® Kérnyezettechnika Zrt.
tevékenységeihez? Megtudjuk az Intézet legna-
gyobb szaktekintélyének szamitd kordbbi igazga-
t6tdl, Prof. Dr. Cs6ke Barnabdstol.

A hulladékgazddlkoddsban folytatott tudomdnyos
kutatds és oktatds terén a legszorosabb partne-
riinkkel az eqgymdsra taldldsunk, és 20 éves egylitt-
mUikodéstink alapjat az teremtette meg, hogy mind
a mi miskolci egyetemi intézetlink, mind pedig a
Profikomp® Zrt — és személyesen Dr. Aleksza LdszIé
vezérigazgatd — kutato-fejleszté munkdjdt a tu-
domdnyos alapossdg és innovdcié, a nemzetkozi
eredmények, fejlesztési torekvések kovetése, ismerete
Jjellemezte, és jellemzi mind a mai napig. Kiilondsen
fontos, hogy bioldgiai és mechanikai-fizika eljdrd-
sok tertiletén tudomdnyos ismereteink, szakmai
tapasztalataink és térekvéseink jol, mondhatni sze-
rencsésen kiegészitik egymdst. Ez tette lehetévé szd-
mos nagy iviiprojekt kbz6s megvaldsitdsdt, egyrészt
a telepilési hulladékok bioldgiai és mechanikai-
fizikai kezelése, el6készitése és hasznositdsa eljdrd-
sainak és technoldgidjdnak, mdsrészt a gépeinek
fejlesztése terén. Kilénosen fontosnak tartottuk,
hogy a tudomdnyos kutatdssal elért eredményeket
— s nemcsak a sajdt és a kdzos —, hanem a nemzet-
kbzi kutatdsi fejlesztési ismereteket is kozreadjuk a
hulladékgazddlkodds szakemberei és az egyetemi
hallgaték szdmdra. Oszténézve a szakmdt a tu-
domdnyos kutaté-fejleszté munkdra, az eredmé-
nyek gyakorlatban vald hasznositdsdra, adaptd-
ldsdra. Ezt szolgdltdk és szolgdljdk a konferencidk,
a BIOHULLADEK folydirat, a szakmérndk képzés és
tovdbbképzések kbzos gondozdsa, a szakkényvek,
mint példdul a Mechanikai-bioldgiai Hulladékke-
zelés Kézikonyve. Ez utébbi hazdnkban elséként
foglalta &ssze a teleplilési hulladékok kezelésének
és hasznositdsdnak korszer(i ismereteit, és nemcsak
a nemzetkdzi tapasztalatokat, hanem a kbzosen
folytatott nagylizemi kisérleti kutatdsokat és mérési
tapasztalatokat is 6sszegezte. Igy sziilethettek meg
teliesen hazai fejlesztéssel hazdnkban elséként a ve-
gyes hdztartdsi hulladékbdl RDF-et gydrté mecha-
nikai-biolégiai és mechanikai-fizikai el6készité tech-
noldgiai rend-szerek a Vertikdl cégcsoport telephe-
lyein Polgdrdiban, majd Vaskuton. Ma a zéré hulla-
déklerakds és a maradéktalan hulladékhasznositds
utjain jdrunk — kozos tervekkel, fejlesztésekkel.

|

AZ EGYEDULALLO PROFIKOMP LIFTING SYSTEM (PLS) /

THE UNIQUE PROFIKOMP LIFTING SYSTEM (PLS)

At the Institute of Raw Material Preparation
and Environmental Processing of the Faculty
of Earth Science and Engineering of the Univer-
sity of Miskolc, serious research and educational
work is being carried out through the disciplines
of mechanical processing, raw material and
waste preparation, environmental processing,
and environmental geotechnics. How are these
activities connected to biological waste treat-
ment and the activities of Profikomp® Ltd.? We
raised this question to Dr. Barnabds Cs6ke, ex-
pert and former director of the institute.

The close relationship between the Institute of the
University of Miskolc and Profikomp® Inc. started
20 years ago in the field of scientific research and
education in waste management. The research and
development work of the institute and the com-
pany — especially that of Mr. LdszI6 Aleksza, CEO
of Profikomp® — has always been characterized by
scientific rigor and innovation and international ac-
complishments, as well as keeping up with the lat-
est developments. We deem it especially important
that our scientific knowledge, professional experi-
ence, and ambitions are complementary, and oper-
ate in a harmonious way.

This fortunate collaborative work has made pos-
sible the implementation of several large-scale pro-
Jects that involve the processes and technologies of
biological and mechanical-physical treatment, the
preparation and recovery of municipal waste, as well
as the design of machinery. It is especially important
for us to share the knowledge we obtain during sci-
entific research with waste management experts
and university students. Such sharing not only covers
our own and shared accomplishments, but also the
findings of international R&D. In this way, we intend
to motivate experts in relation to the practical use
and adaptation of the findings of scientific R&D.

The sharing of knowledge has been promoted
through numerous activities, such as conferences,
the BioWaste Magazine, the joint leading of a spe-
cialist course for engineers and other training cours-
es, as well as specialist books — for example, the
Handbook of Mechanical-biological Waste Treat-
ment. This book was the first in Hungary to summa-
rize cutting-edge knowledge about the treatment
and recovery of municipal waste. It also summa-
rized international experiences and joint large-scale
pilot research and analytical experiences. As a result,
mechanical-biological and mechanical-physical
preparation systems that produce RFD from mixed
household waste have been designed in Hungary
at the plants of Vertikdl
Group (in Porgdrdi and
Vaskut). Nowadays, we are
on the path to zero waste
disposal and full waste
recovery, and we have
shared plans and develop-
ments with Profikomp®.

ALTALANOS GENERAL

tutes. Among these, we have collaborated in
a highly successful way with the University of
Miskolc for 20 years — for example, we have
participated in numerous R&D projects with
Prof. Dr. Barnabds Cs8ke and his team.
Among our Hungarian partners, I would high-
light Vertikdl Group. The former CEO of the
company, Mr. Kéroly Ferencz, and his succes-
sors have always been very open to innovation
and to participating in the practical implemen-
tation of technological developments.

Reliable subcontractors are extremely impor-
tant to Profikomp®. Among others, we have
had an extremely good relationship with
Asinox Ltd. Our co-operation with CEO Mr.
Jézsef Szélig and his team has been flexible,
and of the highest professional quality from
the outset.

— The continuous need for diversification
is clearly shown by the company’s multi-
faceted range of partners. What are the
main activities and directions you intend
to focus on more in the near future?

Although composting is the oldest waste
treatment process on Earth, new challenges
and tasks are still forthcoming that we need
to manage. Some of these involve the new
materials that are appearing in the field of
waste treatment, such as biodegradable plas-
tics. We are studying biodegradable plastics
on a high level, and are able to test their han-
dleability not only in laboratory conditions,
but also under small-and large-scale condi-
tions. We are also engaged in new disciplines
such as the development of insect breeding
technologies using waste and by-product
substrates to produce protein and chitosan,
and the use of microalgae to fix the carbon-
dioxide content of biogas.

—What is there to say at the end? I wish

you and the whole company all the best
for the next 20 years! :-)

E’iProfiKomE@ZO

Lothar A. Deyerling a W.L.Gore & Associates
GmbH. képviseletében a Profikomp 20 évvel
ezel6tt indult sikertorténetében a kezdetektdl
kulcsfontossdgui szerepet toltétt be. Az 6 kiemel-
ked6 szaktuddsa és nemzetkozi tapasztalata
pdrosul a dinamikus és kivdld kapcsolatteremté
képességgel rendelkez személyiségével.

Lothar A. Deyerling represented by W.L.Gore &
Associates GmbH. has played a key role in the
success story of Profikomp since its foundation
20 years ago. His outstanding expertise and
international experience are coupled with a
personality with a dynamic and excellent rela-
tionship-building ability.
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A Profikomp® szdmdra
mindig is fontos hdtte-
ret biztositott a Szent
Istvdn Egyetem: az al-
ma materhez szdmos
ponton kapcsolédik a
cég: egyetemi oktatds,
3 ‘ szakmai részvétel a
/) tanszék és a szakmér-

- no6k szak létrehozdsd-
ban, diplomaterves hallgatok gyakorlati helyének
biztositdsa, stb. Vajon az egyetem hogyan véle-
kedik egy vdllalkozds és egy oktatdsi intézmény
ilyen jellegti egytittmiikodésérdl, és mik a tervek
a jovére nézve? — errdl kérdeztiik dr. Gyuricza
Csaba megbizott rektort.

Azt gondolom, hogy egy egyetem akkor mikédik jol,
ha a szakteriiletéhez kapcsolédo piaci szereplSkkel
Jj6 kapcsolatot dpol. A Szent Istvdn Egyetemnek a
Profikomp® Kérnyezettechnika Zrt-vel az elmdilt évek
sordn sikerdilt egy ilyen, tobbirdnyd szakmai egytitt-
mUkddeést kialakitani. Ez egyrészt az oktatdshoz kap-
csolddik — tgymint kiils6s oktatoként, eléadoként
részvétel a felsGoktatdsban, konzulensi feladatok
elldtdsa a végzés egyetemi, és PhD hallgatok szamd-
ra, valamint az 6 szakmai segitéstik, tdmogatdsuk.
Emellett azonban voltak az egyetemnek és a cégnek
kbz0s kutatds-fejlesztési projektjei, sét, van példa ko-
Zz6sen benydjtott szabadalmi eljdrdsrais.

Az egylittes szakmai munka legnagyobb ered-
ményének azonban azt tartom, hogy 2013-ban Ma-
gyarorszdgon elséként a Szent Istvdn Egyetemen ala-
pitottuk meg a Hulladékgazddlkoddsi Tanszéket, ahol
0ndllé képzésként jelenik meg a kiilbnbozé hulladék
anyagdramok kezelésének oktatdsa és kutatdsa. Ok-
tatdsi szempontbdl fontos még megemliteni a 2017-
ben elinditott, és azdta is nagy érdeklédésre szamot
tarté ,Hulladékkezelési és hasznositdsi szakmérnok”
szakot is, amely a szakirdnyu tovdbbképzésben nydjt-
Jja alegmagasabb szintd oktatdst a témdban.

A jovBben ezt a kézos munkdt mindenképpen
szeretnénk nem csak tovdbb vinni, de fejleszteni is.
Az elkévetkezé idészakban vdrhaté nagyszabdsu
egyetemi fejlesztések sordn szeretnénk a GodollGi
Campus-on egy korszer( hulladékgazddlkoddsi kon-
cepcidt megvaldsitani, és egy olyan ,Z0ld Egyete-
met” [étrehozni, ahol a megujuld energiaforrdsok
hasznositdsa a korszer( hulladékgazddlkoddsi tech-
noldgidkkal &tvozve egy fenntarthatd, kbrnyezet-
tudatos intézményi mikodést tesz lehetévé. Ennek
részét fogja képezni tobbek kozétt a szelektiv bio-
hulladék gydijtés bevezetése, annak helyben torté-
né korszer(i hasznositdsa is. Ezeken a teriileteken
mindenképpen szamitunk tovdbbra is a Profikomp®
partneri egytittmdkodésére.

Szent Istvdn University has always represented an
important background institute for the work of
Profikomp®. The company is closely connected to
the institute in many ways, such as its participation
in higher-education-related activities, the establish-
ment of the waste management engineering course
and department, and the provision of internship
places for university students related to their theses,
etc. What is the opinion of Szent Istvdn University
about this collaboration between a company and an
educational institute? We report here the comments
of Dr. Csaba Gyuricza, Acting Rector of the University.

In my opinion, a university functions well if it maintains
good relations with the market operators that connect
it to the relevant professional fields. Over the past years,
Szent Istvdn University has managed to build up such
a diverse form of professional collaboration with
Profikomp® Inc. On the one hand, this collaborative
activity is connected to education — for example, in
the form of Profikomp’ participation in higher edu-
cation through the provision of external lecturers, of
consultants regarding tasks for graduate and PhD
students, and through professional support and assis-
tance. On the other hand, the University and Profikomp®
have also implemented R&D projects together, and
have even filed a joint patent application.

Nevertheless, the greatest achievement of this col-
laborative professional work was definitely the joint
foundation of the Department of Waste Manage-
ment at Szent Istvdn University in 2013, which was
the first department in this field in Hungary. At the
Department, education and research related to the
treatment of different waste materials is ongoing
in the form of independent training. In terms of
education-related outcomes, it is also important to
mention the very popular course Engineering in Waste
Management and Recycling, which was launched in
2017. As an advanced form of training, this course
provides the highest level of education in this field.

In the future, we intend to continue and develop this
Jjoint work. During the upcoming large-scale devel-
opments at the university, we wish to implement a
cutting-edge waste management concept on Goddl-
16 Campus, as well as establish a ‘Green University' at
which renewable energy sources can be used in parallel
with the latest waste management technologies. This
way it would be possible to ensure the sustainable,
environmentally-friendly operation of the institute. This
‘Green University' concept will

also involve the separate col- 1 9

lection of biowaste, and its in- I % |
siturecycling. Concerning these - "
activities, we will definitely re-  SZENT ISTVAN
ly on our professional part- EGYETEM
nership with Profikomp® Inc.

6 Biohulladék
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- Es ha mar a hossza tava egyiittmi-
kodéseknél tartunk, kik azok a part-
nerek, akikkel mar szintén évtizedes
az egyuttmikodés?

Szémunkra kulcsfontossagy, hogy a leg-

magasabb szakmai szinvonalat képviseljtk,

ezért kezdetektd| egylttmdkadink alma
mater-Unkkel, a Szent Istvan Egyetemmel,
de mellette tobb hazai és nemzetkozi fel-
s6oktatdsi intézménnyel, valamint kutatd
intézettel. Ezek kozUl kiemelném a Miskolci

Egyetemet, amellyel nagyon sikeres 20

éves egylttmUkodés all mogottiink: Csdke

Barnabds professzor Urral és csapataval

szamtalan kutatés-fejlesztési projektben

vettlnk részt. A hazai partnereink kozul

a Vertikdl cégcsoporttal vald egyuttmu-

kodéslink a legmeghatédrozobb, amelynek

kordbbi vezérigazgatdja Ferencz Karoly

— és azdta az utddai is —, mindig nagyon

fogékonyak voltak az innovéaciora, a gya-

korlatban is megvaldsitva a fejlesztéseket.
Kiemelten fontosak szamunkra a meg-
bizhato alvallalkozok, akik kozil az Asinox

Kft.-t emelném ki: Szélig Jozsef Urral és kol-

légdival a kezdetektél fogva rugalmasan,

a legmagasabb szakmai mindséget nyujt-

va tudunk egyuttmdkodni.

- Mar csak a legszorosabb partneri kor
szerteagazoédasabol is latszik a tobb
labon allas folyamatos igénye. Melyek
azok a tevékenységek, irdnyok, ame-
lyekre a kozeljovében nagyobb hang-
sulyt szeretnél fektetni?

Nagyon érdekes, hogy annak ellenére,

hogy a komposztalas mint a Fold leg-

6sibb hulladékhasznositasi eljarasa régota
ismert, a mai napig vetédnek fel olyan ki-
hivasok, megoldando feladatok, amelyek
benniinket is foglalkoztatnak. Példédnak
emliteném az olyan Uj anyagok megje-
lenését a hulladékkezelésben, mint a bi-
olégiailag bonthaté muanyagok, ame-
lyekkel nagyon komolyan foglalkozunk
és nemzetkozileg is egyedulallé mdédon
a labor méret mellett kistizemi és ipari
méretben is tudjuk tesztelni a kezelheté-
séget. De olyan Uj teruletekkel is foglal-
kozunk, mint a rovartenyésztési technolé-
gidk fejlesztése hulladék és melléktermék
szubsztratokon, fehérje és kitozan eldalli-
tésa céljabdl, vagy a mikroalgék felhasz-
néldsa a biogaz szén-dioxid megkotésére.

- Mit lehet ezek utan még mondani?
Sok sikert kivanok magunknak a ko-
vetkezd 20 évreis! :-) m



SZENNYVIiZISZAP

PROFIKOMP KORNYEZETTECHNIKA ZRT.

SEWAGE SLUDGE

Gyogyszermaradvanyok

a szennyviziszapokbol
foszforvisszanyeressel

A szennyviziszapokban és az azokbél foszforvisszanyeréssel eldallitott
termékekben eléfordulé gyogyszermaradvanyokkal kapcsolatosan

jelenleg nagyon kevés meghizhaté informacio all rendelkezésiinkre.

A Német Szovetségi Kornyezetvédelmi Hivatal (Umweltbundesamt) altal jegy-
zett tanulmany ezt a hianyossagot igyekszik potolni. A projekt soran
kiilonbozé foszforvisszanyerési eljarasokat alkalmazo szennyviztisztito
telepeket vizsgaltak, és olyan médszereket fejlesztettek ki, amelyek
segitségével meg lehet allapitani a kiilonb6z6 szennyviziszapok és az azokhol
eldallitott foszfortermékek gyégyszerhatéanyag tartalmat. A vizsgalati

eredményekbél és az dkotoxikoldgiai hatasok értékeléséhdl

szakmai javaslatok és cselekvési terv is késziilt.
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Szennyviziszap hasznositas Németor-
szagban

2013-ban Németorszagban 1,8 millié tonna
(sz.a.) szennyviziszapot allitottak el® kom-
munalis szennyviztisztitd telepeken. Ezen
iszapoknak mintegy 64%-at monoégetés-
sel vagy egylttégetéssel, a tébbit anyaga-
ban hasznositjak. A terméfoldeken tragya-
z6szerként torténd hasznositds az utdbbi
években egyértelmUen visszaesett, melynek
magyarazata a jogszabalyok szigoroddsa-
ban és a termékmindségi kdvetelmények
novekedésében keresendd. Bara mezégaz-
dasdgi felhasznalas sordn az iszapban talal-
hato tdpanyagok (foszfor, nitrogén) haszno-
sulnak ugyan, de az esetleges nehézfém-,
szerves szennyezéanyag-, és hormonhata-
su vegydlet-tartalom miatt ezen iszapokkal
szemben egyre tobb talaj-, viz-, és fogyasz-
tévédelmi aggély merdl fel. Ebbdl kifolyo-
lag a Német Szovetségi Kornyezetvédelmi
Hivatal a szennyviziszapok kozvetlenll a
talajban torténd felhasznéldsa helyett a ter-
mikus kezelésre torténd atéllast és a fosz-
forvisszanyerés technoldgidinak tovabb-
fejlesztését javasolja.

Foszforvisszanyerés

A foszfor (P) létfontossagu nyersanyagnak
szamit: els@sorban ndvényi tdpanyagként
nélkuldzhetetlen a mezégazdasagban, de
az élelmiszeripar és takarmanygyartas, va-
lamint a vegyipar szamdra is kulcsfontos-

sagu elem. Az &svényi foszforforrdsok vé- -
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Bedta Bezeczky-Bagi —
Profikomp® Environmental Technologies Inc.

Pharmaceutical
residues in phos-
phorous products
recycled from
sewage sludge

Thus far, only insufficient data exist regarding
pharmaceutical residues in sewage sludge, as well
as in phosphorous recycled products. The objec-
tive of the study drawn up by the German En-
vironment Agency (Umweltbundesamt) was to
close the gaps in the data. Within the project,
wastewater treatment plants (WWTPs) that ap-
plied different phosphorous recovery technologies
were analyzed, and methods were developed to
analyze all selected pharmaceutical residues in the
different P-recyclates, as well as in sewage sludge.
Based on the analytical results and the evaluation
of ecotoxicological effects, technical recommen-
dations and an action plan were elaborated.

Sewage sludge treatment in Germany

In 2013, about 1.8 million tons of sewage sludge
dry matter (DM) was created from municipal
wastewater treatment in Germany. About 64
% of sewage sludge is currently disposed of in
mono- and co-incineration plants. The remain-
ing 36 % is used for material application. In
recent years, the application of sewage sludge
as a fertilizer on agricultural land has clearly de-
creased due to stricter legislation and more strin-
gent requirements in terms of product quality.
Although during its application on agricultural
land some of the nutrients (e.g. phosphorous and
nitrogen) present in sewage sludge are recycled,
sewage sludge may also contain pollutants such
as heavy metals, organic pollutants, and hormon-
ally active substances. For reasons connected to
the protection of consumers, soil, and water, the
German Environment Agency is moving away
from the application of sewage sludge to soil, and
reinforcing the need for the thermal treatment of
sewage sludge in combination with further de-
velopment of the phosphorous recovery process.

Phosphorous recovery

Phosphorous (P) is an essential raw material for
humanity. It is mainly used as a plant nutrient
in agriculture, but it is also used as an additive
in food and fodder, as well as in the chemical
industry. Since geogenic phosphate resources
are finite, the recovery/recycling of phosphorous
from municipal waste water, sewage sludge, and
sewage sludge ash is increasingly important.
In Germany, phosphorous recovery is indeed
legally binding. According to the legislation,
large wastewater treatment plants should recover
phosphorous if sewage sludge contains more
than 20 g phosphorous per kg. This can be done
directly from sewage sludge either with a recov-
ery rate of 50 %, or by reducing the remaining
concentration to below 20 g phosphorous per kg
of sewage sludge. In order to achieve this, a fur-
ther expansion of mono-incineration capacity, as
well as the development of other phosphorous
recovery processes is required. These technolo-
gies must be implemented for all WWTPs with
greater capacity than 100,000 PE (Population
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gesek, ezért egyre nagyobb jelentéséggel
birnak a kulénbdzé foszfor visszanyerési
eljadrasok a kommunalis szennyvizekbdl,
szennyviziszapokbdl és iszaphamubdl.
S6t, Németorszagban a foszfor vissza-
nyerési kotelezettség mar jogszabalyilag
is elé van frva: a nagyobb szennyviztiszti-
té mlvek - amennyiben az iszapjuk meg-
haladja a 20 g foszfor / kg szennyviziszap
sz.a. értéket -, kotelesek olyan eljarast al-
kalmazni, amelynek segitségével vagy egy
50%-0s csokkentést eszkdzdlnek, vagy
pedig elérik a 20 g-os maximalis érté-
ket. Ehhez szlkséges tovabbi monoége-
t6 kapacitasok kiépitése, illetve az egyéb
visszanyerési technologidk fejlesztése.
2029-ig minden 100 000 lakos-egyenértékd
(LE) telepen, 2034-t6l pedig mér minden
50 000 LE telepen kotelezd lesz ezen el-
jardsok alkalmazasa.

MUkodési elvik alapjan kristalyositasi és
csapadékképzési, ioncseréld, savas feltara-
sos, és termokémiai, valamint kohészati el-
jarasokat kulonboztetiink meg. Meg kell
azonban jegyezni, hogy ezen technolégi-
ak kozul még kevés muikodik ipari 1épték-
ben. Bar a nedves kémiai eljarasok elérébb
jarnak a fejlesztések terén, és tobbéves
nagylzemi mukodtetésiikre is szamos
példat talalunk, a termikus feltarasok ma-
gasabb potencidlis foszforvisszanyerési
értékekkel kecsegtetnek, s ez a névekvd
foszfatimport-figgéség miatt egyre fon-
tosabb szempontnak szamit.

A kulonboz6 foszforvisszanyerési tech-
nolégidk mellett jelen tanulmany foglal-
kozik a karbonizacios eljarasokkal (hid-
rotermikus: HTC) és pirolizissel hasznosi-
tott iszapokkal is.

Gydgyszermaradvanyok

Mig a nehézfémek eléfordulasat a szenny-
viziszapokban szdmos kutatds vizsgdlta
mar, és a tragyazoszerekrél szélé rendelet
is szigoru hatarértékeket szab meg a mez6-
gazdaségi felhasznéldshoz, addig a gydgy-
szermaradvanyok felhalmozodésa az isza-
pokban, illetve az azokbdl eléallitott Ujra-
hasznositott foszfortermékekben egy ke-
vésbé kutatott tertlet. Pedig ezek az anya-
gok ugyancsak karos hatédssal birhatnak
mind a vizi, mind a szarazfoldi életkdzos-
ségekre. Németorszagban jelenleg 2300
kulonbozé hatdanyagl humangyodgyszer
kaphato, melynek kozel fele aggalyos lehet
kornyezeti szempontbdl. Elfogyasztasuk
utdn az emberi szervezet kivalasztdsa révén
a lefolydkba, onnan pedig a szennyviztiszti-
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t6 telepre kertilnek. Mivel egyes hatdanya-
gok biolégiai Uton nehezen bomlanak le,
ezek egy része innen kozvetlenil a felszini
vizekbe, illetve a talajvizbe juthat, mas ré-
szUk pedig (pl. antibiotikum maradvanyok)
felhalmozédnak a szennyviziszapban, s in-
nen a mezégazdasagi hasznositas révén
kertlhetnek a talajba, majd onnan tovébb
a haszonnovényekbe.

A kutatdsba bevont gyogyszereket le-
bomlasi sebességuik, az orvosok altal felirt
mennyiségek, és a kornyezetre gyakorolt
hatdsuk alapjan valasztottak ki. Ez alap-
jan indikdtorként antibiotikumok kozul
a ciprofloxacin, clarithromycin, levofloxacin
és cefuroxim, antiepiliptikumok kdzdl a car-
bamazepin, béta-blokkoldk kozul a meto-
prolol hatéanyag, ezen kivil analgetica,
diclofenac, 6sztradiol és etinildsztradiol hor-
monok, végul a vérzsirszint csokkentésé-
re haszndlt gyogyszerek kdzil pedig a be-
zafibrat hatéanyag kerdlt be a kutatdsba.

Mintavételi stratégia

A monitoring vizsgalat sordn kilonbozé
folyamatvezérlési eljdrasokkal rendelkez6
szennyviztisztito telepeket véalasztottak ki.
Elényt élveztek azok a telepek, amelyek
mar alkalmaztak valamilyen foszfor-vissza-
nyerési, vagy karbonizacios technolégiat,
igy az iszapok mellett az azokbdl kinyert
foszfortermékeket, illetve a monoégetés
outputjaként keletkezé hamut is bevon-
ték a vizsgélatba. Emellett az adott tech-
noldgia elterjedtségét, ipari alkalmazasi
fokat is figyelembe vették. Mindezek alap-
jan olyan telepek kertltek be a vizsgélat-
ba, amelyek szennyvizbdl, szennyviziszap-
bol, vagy iszaphamubdl nyernek vissza
foszfort. A telepeket az iszaphasznosités
és foszforvisszanyerés maodjatél fliggéen
négyféle folyamatlancba sorolték be, me-
lyek a kdvetkezdk:

« |. folyamatlanc: kristalyositasi és csapa-
dékképzési eljarasok;

« |l folyamatldnc: termikus feltaras;

« lll: folyamatlanc: kohdaszati eljardsok;

« |V.folyamatlanc: karbonizacios eljarasok.

A mintavételezést tobb alkalommal is
megismételték, hogy a szezonalis inga-
dozésok is kikliszobolhetéek legyenek.
Minden, a projekt soran elvégzett min-
tavétel és vizsgdlat az akkreditalt labo-
rok szdmdra eldirt DIN EN ISO/IEC 17025
minéségi eldirdsok szerint zajlott. A je-
len kutatds soran alkalmazott vizsgélati
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1. TABLAZAT: A TANULMANYHOZ KIVALASZTOTT FOSZFORHASZNOSITASI TECHNOLOGIAK /
TABLE 1: SELECTION OF P-RECOVERY TECHNOLOGIES FOR THE STUDY

Folyamat neve / Eljaras tipusa / Elterjedtség / Reciklizalt foszfor tipusa /
Process Type of Process Scale Recycled P product

kristalyositas /

AirPrex® -
Crystallization

savas feltaras /
Acid digestion

Stuttgarti eljarés /
Stuttgart process

Mobil foszfor
visszanyerés /
Mobile P recovery

savas feltaras /
Acid digestion

kristalyositas,
csapadékképzés /
Crystallization,
precipitation

P-RoC-eljarés /
P-RoC process

termikus feltaras /

AshDec
Thermal treatment

termikus feltaras /
Thermal treatment

Mephrec eljaras /
Mephrec process

=
©
<
S
P
a
i
S
g
a
-
s
@
H
2
-]
v
=
=
=
®
s
=
S
'

PYREG eljaras / L N
\2 PYREG process pirolizis / Carbémzatlon,
pyrolysis
karbonizacio,
\"A TCR® pirolizis / Carbonization,
pyrolysis
karbonizacio,
AVA cleanhops pirolizis / Carbonization,

karbonizacio,

pyrolysis

maodszerek nem szabvanyos vizsgélatok-
nak minésulnek, ugyanis a projekt sordn
alkalmazott matrixokhoz — amelyeket az
egyes gyogyszerhatdanyagok kimutata-
sara szolgalé vizsgdlati metddusok soran
fejlesztettek ki —, egyelére nincsen elér-
hetd analitikai referenciaanyag. Mivel az
Ujrahasznositott foszfortermékekben fel-
lelheté gyogyszermaradvanyok megha-
tdrozdsara nem all rendelkezésre szakiro-
dalom, a mdédszerek megallapitasanal a
szennyvizek, szennyviziszapok és Uledé-
kek kdrosanyag meghatarozdsdhoz hasz-
nalt szakirodalmat hivtak segitségul.

Eredmények

A mintavételezések és kémiai vizsgdlatok
soran kapott eredmények a killonb6z6 fo-
lyamatlancok esetében egyes esetekben
jelentds kilonbséget mutattak a gydgy-
szermaradvanyok mennyiségének csok-
kenésében.

Kiindulasi anyagként leggyakrabban
szennyviziszapokat és rothasztott iszapo-
kat alkalmaztak, melyek a legtobb esetben
hasonld terheltséget mutattak a gyogy-
szermaradvanyok tekintetében. Mindegyik
szennyviziszap mintaban a fluorkinolon
tipust antibiotikumnak szamito ciproflo-
xacin volt a legmagasabb értékekkel ki-
mutathatd (max. érték: 22 000 ug/kg).
Az azonos hatdanyagcsoportba tartozd

MAP (magnézium-ammaonium
foszfat) / MAP (magnesium
ammonium phosphate)

nagyiizemi /
Industrial

kisérleti tizem /

Pilot puy

kisérleti Gizem /

Pilot P

kisérleti Gizem /
Pilot

MAP; CaP (kalciumfoszfat) /
MAP; CaP (calcium phosphate)

izzitott foszfat /
Calcined phosphate

kisérleti tizem /
Pilot

foszfor-tartalmu salak /
P slag

kisérleti Gizem /
Pilot

karbonizat /
Char

nagyuizemi telep /
Industrial

karbonizat /
Char

kisérleti tizem /
Pilot

karbonizét /
Char

kisérleti Gizem /
Pilot

levofloxacin szintén magas koncentraci-
6t mutatott, de atlagban mégis négyszer
alacsonyabb volt az értéke.

Mindegyik szennyviziszap mintaban ki-
mutathatd volt tovabbi harom anyag: a
carbamazepin (max. érték: 1100 pg/kg),
a diclofenac (max. érték: 2100 pg/kg) és
a metoprolol (max. érték: 1100 ug/kg).
A chlarithromycin, bezafibrat és a két hor-
mon kulénbdz6 ardnyban volt jelen az
iszapokban, de nem egységesen mind-
egyik mintaban.

A szulfametoxazol és cefuroxim anti-
biotikumok sem az iszapokban, sem az
azokbdl szarmazo termékekben nem vol-
tak kimutathatéak. Ez egybecseng azok-
kal a kordbbi irodalmi leirdsokkal, ame-
lyek szerint ezen anyagok tulnyomorészt
a szennyvizekben és a felszini vizekben
jelennek meg. A gyodgyszermaradvanyok
mennyiségének csokkenésében jelentds
kulonbségek allapithatok meg az egyes
folyamatlancok vizsgalata soran.

Fontos kiemelni azonban, hogy a termi-
kus folyamatelemet (min. 400-500 °C) tar-
talmazo eljarasokkal (Ash-Dec®; PYREG®,
TCR®30) eléallitott foszfortermékek kozul
egyikben sem lehetett gydgyszermarad-
vanyokat kimutatni.

Mivel a 210°C-os hémérsékletet al-
kalmazd AVA-cleanhops eljrds sorén
nem sikerdlt teljes mértékben eliminalni
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Equivalent) by 2029, and for WWTPs with
more than 50,000 PE by 2034.

P recovery processes can be categorized into
different approaches, such as crystallization,
precipitation, ion exchange, acid digestion, and
thermal and metallurgical processes. It should be
noted, however, that only a few of these process-
es are used on an industrial scale. Wet-chemical
processes for P recovery are more developed
than thermal processes, because more large-scale
plants presently exist. However, thermal process-
es have a higher theoretical recovery rate. This is
an increasingly important feature due to the rise
in phosphate imports.

In addition to the different phosphorous recov-
ery processes, this study also deals with carbon-
ization processes (hydrothermal carbonization:
HTC) and sludge treated by pyrolysis. (More
details are available if required).

Pharmaceutical residues

Although the occurrence of heavy metals in sew-
age sludge has been investigated in detail, and Ger-
man fertilizer ordinance regulates their threshold
values for agricultural use, the accumulation of
pharmaceutical residues in sewage sludge, as well
as in recycled phosphorous products, is less well
studied. Pharmaceutical residues can be harmful
to aquatic and terrestrial ecosystems. Currently,
about 2,300 active pharmaceutical ingredients
are available as medicinal products for humans
in Germany. About half of these are potentially
harmful to the environment. After being con-
sumed and excreted by humans, pharmaceuticals
get to drains from where they reach wastewater
treatment plants. As some compounds are not
readily biodegradable, some of them directly en-
ter surface waters and groundwater. Other com-
pounds (e.g. antibiotic residues) may accumulate
in sewage sludge. Through agricultural applica-
tion, they can spread into the terrestrial environ-
ment, and then be taken up by crops.

The pharmaceuticals selected for this study were
chosen due to their degradation speed, the quan-
tity of prescriptions containing them, as well as
their impact on the environment. The pharma-
ceuticals studied as indicator substances includ-
ed the following: the antibiotics Ciprofloxacin,
Clarithromycin, Levofloxacin, and Cefuroxime;
the anti-epileptic drug Carbamazepine; the
beta-blocker Metoprolol, as well as the analgesic
Diclofenac; the hormones Estradiol and Ethinyl
Estradiol; and the lipid reducer Bezafibrate.

Sampling strategy

During monitoring, WWTPs with different
types of processes were selected for examination.
WWTPs that were already implementing any
form of phosphorous recovery or utilizing car-
bonization technology were of particular inter-
est. Samples were taken from sewage sludge and
the recycled P products, as well as from the ash
resulting from mono-incineration. In addition to
these, the scale of the related process, as well as the
level of utilization, were taken into consideration.
Thus, those WWTPs were selected which recover
P from waste water, sewage sludge, and sewage
sludge ash. The selected WWTPs were categorized
as using one of four process chains, depending on
the method of sludge utilization and P recovery:

* Process chain I: crystallization and precipita-
tion processes

* Process chain II: thermo-chemical treatment

* Process chain III: metallurgical process

* Process chain IV: carbonization processes

Biohulladék 9
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Sampling was repeated several times a year to iden-
tify seasonal fluctuations.

All sampling and analysis within the project was
done in accordance with DIN EN ISO/IEC
17025 for accredited laboratories. The analytical
protocols established within this project are not
accredited methods, since no reference materials
were available for the matrices that were applied.
Matrices were developed during the application of
analytical methods for detecting pharmaceutical
ingredients. As the detection of pharmaceuticals in
recycled P products has not been described in the
literature so far, the literature used for determining
the harmful material content of sewage water, sew-
age sludge, and sediments was consulted.

Results

The reduction rates for the selected pharmaceu-
ticals that were identified from the sampling and
analysis of the products involving the various pro-
cess chains for P recovery show partial differences.
Sewage sludge and fermented sludge were used
most often as the initial materials, indicating an of-
ten similar load in terms of pharmaceutical residues.
The luoroquinolone antibiotic Ciprofloxacin was de-
tected in the highest amounts in all sewage sludge
samples (maximum concentration 22,000 pg/kg).
For Levofloxacin — from the same group of phar-
maceutical substances — high concentrations were
detected too, although at an average value of only
one quarter of the former substance.

In addition, the three substances Carbamazepine
(max. 1,100 pg/kg), Diclofenac (max. 2,100 pg/kg),
and Metoprolol (max. 1,100 pg/kg) were detect-
ed in all sewage sludge samples. The substances
Clarithromycin and Bezafibrate, as well as both
hormones, were only infrequently detected, and
were not present in all sludge samples.

The antibiotics Sulfamethoxazol and Cefuroxim
were not detected in any of the sewage sludge
samples, or in any other products.

This outcome corresponds to the literature, which
finds that these substances are mainly present in
sewage water and surface waters. Significant dif-
ferences in the reduction of pharmaceutical resi-
dues were found for the four process chains.

It should be emphasized that for all treatments
with a thermal process step (Ash-Dec’, PYREG®,
and TCR®30) with temperatures of about 400-
500 °C or higher, no pharmaceutical residues
were detected in the products.

However, the requisite treatment temperature is
above 210 °C, because the pharmaceutical resi-
dues were not completely eliminated in the prod-
ucts derived from the AVA cleanphos process.

In the phosphorous products derived from pro-
cesses without a thermal process step, the amount
of pharmaceutical residues varied tremendously.
The P-ROC process is not directly comparable to
the other processes in process chain 1, be-cause
the phosphorous is recovered from waste water.
However, Fluoroquinolone was detected in the
product in concentrations of hundreds of pg/kg.
For process chain IV, the AVA cleanphos process
achieved a significant but not complete reduction
of pharmaceutical residues in the char. Neither the
operating temperature (210 °C) nor the pressure (22
bar) of the HTC process are suitable for the com-
plete elimination of pharmaceuticals. It was because
of the additional treatment step that a further reduc-
tion of pharmaceutical residues could be achieved.
Due to the remaining pharmaceutical residues in
P recyclates, detailed analysis of the P content in
recyclates is still necessary to identify their impact
on plant growth. The latter is, however, influ-
enced by several factors (as proven by some plant

10 Biohulladék
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a gyégyszermaradvanyokat, a jelen ada-
tok szerint ennél magasabb hémérséklet
szUkséges azok teljes kiklszoboléséhez.

A termikus eljarast nélkilozo folyamat-
lancok alkalmazasaval eléallitott foszfor-
termékek esetében oridsi kiildnbségeket
mutattak a gydgyszermaradvany értékek.

A P-ROC-eljaras ugyan nem hasonlitha-
té Ossze kdzvetlendl a tobbi, az I-es cso-
portba tartozé technoldgiaval — mivel itt
nem iszap, hanem szennyviz a kiindulasi
anyag -, de fluorkinolok tekintetében itt
tébbszaz pg/kg-os értékeket mértek az
elééllitott foszfortermékben.

A négyes folyamatlancban a 210°C -os
hémérsékletld és 22 bar nyomasu AVA-
cleanhops eljards soran szintén egyértel-
mu, de mégsem teljes mértékd eliminacio
valdésult meg a karbonizatokban taldlha-
té gyogyszermaradvanyok tekintetében.
A technologia tovabbi fejlesztésével var-
hatdéan Ujabb csdkkenés érhetd el.

Tovébbra is szikséges volna a reciklizalt
anyagok foszfor tartalménak névényi no-
vekedésre gyakorolt hatdsdnak részletes
vizsgadlata is a bennik maradt gyégyszer-
maradvanyok miatt. Ezt azonban - mint
ahogyan néhany elvégzett ndvényteszt
is bizonyitotta — szdmos tényezé befo-
lydsolja: maga a kiindulasi szennyviziszap
mindsége, a foszfor visszanyerés maodja
(kémiai, vagy biolégiai modszerek) és a
visszanyerés foka is, hiszen ez a krista-
lyositasi és csapadékképzési eljaradsoknal
lényegesen alacsonyabb, mint a termo-
kémiai eljarasoknal.

Osszefoglalva: az vildgosan kimutat-
haté, hogy mindegyik folyamatldnc és
foszforvisszanyerési eljaras soran szignifi-
kansan - sét, néhany esetben a kimutatha-
tésagi hatarérték ald — csdkkent a gyogy-
szermaradvanyok mennyisége a kiindula-
si anyagok értékeihez képest. Egy 4tfogd
értékelés elkészitéséhez azonban tovabbi
paraméterek vizsgalata is szUkséges.

,.a termikus folyamatelemet
(min. 400-500 °C) tartalma-
76 eljarasokkal (Ash-Dec®

PYREG®, TCR®30) e

v s

Oa

ftott
foszfortermékek kozul egyik-

ben sem lehetett gydgyszer-

maradvanyokat kimutatni!

G




Javaslatok

A tanulmany készitsi a kapott eredmények
alapjan kilénbozd javaslatokat is megfogal-
maztak politikai, mUszaki és egyéb, kisérd
intézkedések vonatkozasaban.

Ahhoz, hogy a trdgydzodszerek révén a ta-
lajpa kertlé gydgyszermaradvanyokrol
pontosabb ismereteket szerezhessunk, ja-
vasolt a szennyviziszapok és a reciklizalt
foszfor (re-foszfor) monitoringja, kornyeze-
ti minéségi normak felallitasa, és a gyogy-
szermaradvanyok talajra gyakorolt hatdsa-
nak vizsgélata szabadfoldi novénytesztek
segitségével. Ezek mintdjara mar Ossze-
gyUjthetd annyi adat, ami alapjan mar egy
kockazatbecslés is elkészithetd a reciklizalt
foszfortermékekre vonatkozdan. Az dtfogd
értékelésnél a karosanyag tartalom mel-
lett meg kell hatarozni az egyes termékek
foszfor tartalmat és annak novényi felvehe-
t6ségét is. Az fgy 6sszegyUjtott adatok és
eredmények egy jogszabaly vagy pozitiv
lista alapjat is képezhetik.

A szennyviziszapbol szarmazo reciklizalt
foszfor termékek minéségi normainak ki-
alakitasakor figyelembe kell venni az an-
tibiotikum rezisztencia problémakorét is
— beleértve az antibiotikum maradvényo-
kat, és azokat az anyagokat (pl. cink és réz),
amelyek el6seqitik a rezisztencia kialaku-
lasat. A szennyviziszapban eléforduld po-
tencidlisan rezisztens mikroorganizmusok
szempontjabdl érdemes szem el6tt tar-
tani azt is, hogy a foszfor visszanyerés
egyes eljardsai — 13sd termikus eljarasok —
a higiénizaciot is el¢segitik, ami a maga-
sabb foszfor-koncentracio elérése, és a
gyégyszermaradvanyok csdkkenése mel-
lett tovabbi elényt jelent a reciklizalt fosz-
for termékek szamara a kdzvetlen szenny-
viziszap felhasznéldssal szemben. Emellett
célszer(i lenne a gydégyszeriparnak is Ujfaj-

SZENNYVIZISZAP

ta, bioldgiailag lebomlé hatdanyagok ira-
nyaba fejleszteni a termékeiket.

A mUszaki intézkedésekhez tartozd ja-
vaslatok egyedil a termokémiai eljarasokra
nem vonatkoznak, hiszen azoknal a gyégy-
szermaradvanyok komplett eliminaldsa volt
megfigyelhetd. A kristdlyositasi és csapa-
dékképzési eljarasokndl azonban novelni
kell a szilard-folyékony fazis szétvalasztas
hatékonysagat, hiszen a gydgyszermarad-
vanyok nagy része a szilard szemcséken ad-
szorbedlodik. A HTC és az AVA-cleanhops
eljarasok sordn keletkezett termékekben
talalhatd gyogyszermaradvanyok mennyi-
sége pedig mas, egyéb elékezelésilépések-
kel tovabb csokkenthetd lenne.

Az egyéb intézkedések kozil minden-
képpen az volna a leghatékonyabb, ha
csokkenteni tudnank a szennyvizéramba
kerllé gydgyszermaradvanyok mennyisé-
gét. Egyrészt a lejart szavatossagu gydégy-
szerek artalmatlanitasi modjan kell a la-
kossag felvildagositasaval véltoztatni, igy
elkertlheté azok szennyviz rendszerbe
kerllése. Masrészt az orvosok altal felirt,
illetve a lakosok é&ltal bevett orvossagok
mennyiségét is a lehetd legszikségesebb
mennyiségre kell korlatozni. Az egészség-
Ggyi megelézés ebben nagyon fontos
szerepet jatszik. Mivel azonban a gydgy-
szermaradvanyok szennyvizbe jutdsa nem
kiiszobolhetd ki teljes mértékben, célsze-
r( lenne egy olyan katasztert kialakitani,
amely mér a szennyviztisztité Uzemek
vonzaskorzetében beazonositja a pontfor-
rast, és igy megelézhetd lenne annak to-
vabbjutdsa a rendszerben. m

A teljes tanulmdny itt érhetd el: / The full study
is available here:
https//www.umweltbundesamt.de/publikationen/
arzneimittelrueckstaende
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tests), such as the quality of the initial sewage
sludge, and the process of phosphorous recovery
(chemical or biological). Recovery rates must be
considered too. For crystallization and precipita-
tion processes, recovery is substantially lower than
that of thermo-chemical processes.

In summary, the study shows that all P recovery
technologies in all process chains significantly
reduce (and some processes completely reduce)
pharmaceutical residues, compared to their
level in sewage sludge. To comprehensively as-
sess the recycled P products, further parameters
should also be considered.

Recommendations

Based on the results, recommendations for action
were developed. These are divided into political,
technical, and accompanying measures.

In order to obtain exact information about the
pharmaceutical residues which are discharged into
the terrestrial environment via fertilizers, it is rec-
ommended that sewage sludge and P recyclates are
monitored, environmental quality standards are
defined, and the impact of pharmaceutical residues
on soil is analyzed by means of plant tests under
field conditions. In this way, it would be possible to
collect the necessary data to carry out a risk assess-
ment for P recyclates. For a comprehensive assess-
ment, phosphorous content as well as P bio avail-
ability to plants should be considered, in addition
to pollutants. The data and results that are thus
collected could form the basis for a legal regulation
or a positive list. For the development of quality
standards for recycled P products, antibiotic resi-
dues as well as substances which promote antibi-
otic resistance (e.g. zinc and copper) should also
be considered. Regarding potentially resistant mi-
croorganisms in sewage sludge, it should be noted
that certain phosphorous recovery processes (e.g.
thermal processes) also promote hygienization. Be-
sides the higher concentration of phosphorous and
the reduction of pharmaceutical residues, this sani-
tation step has further advantages in terms of the
utilization of recycled P products compared to the
direct use of sewage sludge as fertilizer. Finally, the
pharma industry should be encouraged to develop
biologically degradable medicinal agents.

With the application of thermo-chemical pro-
cesses, the complete destruction of pharmaceu-
tical residues is ensured. Therefore, no further
technical measures are needed in addition to this
type of process. In relation to crystallization and
precipitation  processes, optimized solid-liquid
separation can lead to cleaner products because
many pharmaceutical residues are sorbed on solid
materials. The volume of pharmaceutical residues
in the products derived from the HTC and AVA-
cleanhops processes could be further reduced by
subsequent pre-treatment steps.

In relation to accompanying measures, the most
effective approach is to reduce the input of phar-
maceuticals to waste water from the outset. On
the one hand, this could be made possible by cor-
rectly disposing of old medicines, and informa-
tion campaigns that encourage customers not to
discard pharmaceuticals into the sewage system.
On the other hand, the use of prescribed and
non-prescribed medication should be reduced
by doctors and patients to only the level that is
necessary. Healthcare prevention plays a very im-
portant role in this. Because the input of pharma-
ceutical residues cannot be completely avoided,
registers of dischargers that help identify point
sources in catchment areas of WWTPs should
be developed, thereby preventing pharmaceutical
residues from entering the system.

Biohulladék 11
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Abstract

Studies have focused on identifying combinations of insects
and organic waste to optimise bio-conversion. Here, the effects
of different diets (10% chicken feed complemented with 90%
vegetable waste, garden waste, cattle manure, or horse manure)
on growth and survival rates, and nutritional value of Zopho-
bas morio and Tenebrio molitor larvae, and Acheta domesticus
were investigated. Compared with chicken feed, organic waste
decreased the individual larval weight, although green waste
showed fewer negative effects than the manure. The macro-
nutrient concentrations in garden waste were moderate com-
pared with chicken feed, and vegetable waste was the poorest
diet in terms of nutrient concentration. There was no difference
in weight between larvae reared on garden waste and those
reared on vegetable waste. Tenebrio molitor and A. domesti-
cus showed the maximum growth rates at 71-101 and 36-66
days of age at 22.5 +£2.5 °C, respectively. Acheta domesticus
was rich in proteins, whereas Z. morio and T. molitor were rich
in fat. Feeding nutrient-poor diets resulted in a lower protein
and a higher fat concentration in the larvae.

Keywords
Larva; growth; nutritional value.

1. Introduction

Edible insects are of high nutritional value, and they can be
used to partially replace protein ingredients in compound feeds
for common livestock and aquaculture. Furthermore, insects of
different compositions can be considered an ingredient in feed
formulations [1]. The most common commercial insect species
are the yellow mealworm (Tenebrio molitor L.), super worm
(Zophobas morio Fab.), housefly (Musca domestica L.), black
soldier fly (Hermetia illucens L.), house cricket (Acheta domes-
ticus L), and greater wax moth (Galleria mellonella L) [2-3]. The
composition of insect larvae varies with species, and it may be
either species-specific or modified by their diet.

For large-scale production of insect-based feed supplements,
the cost of rearing substrates is a key issue. The major expenses
ininsect rearing are related to procuring raw materials used for
feeding the insects [4] and maintaining elevated temperature
for most species [5]. In the European Union, edible insects can
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be fed only materials of vegetable origin and certain materi-
als of animal origin. However, they can grow efficiently on
bio-waste and by-products such as restaurant and household
waste, slaughterhouse by-products, animal manure, and gar-
dening waste [6]. Thus, feed regulations should be revised to
encompass these alternatives in the circular economy; these
raw materials should be authorised for utilisation. Studies have
focused on rearing insects on low-value substrates, such as
organic wastes and by-products, and indicated their advan-
tages and limitations. Varelas and Langton [7] reviewed the
potential of forest biomass by-products for rearing edible
insects and provided examples of unbalanced feeding and its
negative consequences on growth and nutritional values. Kim
et al. [8] investigated the effect of agricultural waste as a feed
for T. molitor by replacing mushroom substrates with wheat
bran feed. Although the larvae thus reared were lighter and
required longer development periods than the control group
larvae, their survival rate was similar to that of larvae reared
on mushroom substrates.

Oonicx et al. [9] fed by-products of the food industry to T. molitor
and A. domesticus, identified diets that can be as efficiently con-
verted by the larvae as pigs, and concluded that when fed opti-
mal diets, larvae can convert their feed as efficiently as poultry,
after correcting to the edible portion. Especially for nitrogen effi-
ciency, their performance was higher than that of conventional
production animals. Diet affected the survival and development
period of T. molitor; furthermore, feeding carrots increased the
dry matter content and nitrogen efficiency, and decreased the
development period. Lundy and Parrella [10] measured the bio-
mass output and feed conversion ratio of A. domesticus reared
on diets ranging from grain-based to highly cellulosic diets, and
concluded that the nitrogen concentration, N-to-acid detergent
fibre concentration ratio, and crude fat concentration explained
most of the variabilities among feed treatments. However, the
mortality rate of crickets fed minimally processed, municipal-
scale food waste and diets composed largely of straw was
>99% without reaching a harvestable size. Some studies have
revealed that low-value diets may be effective even at tempera-
tures lower than the optimal range [11,12].

On the basis of the above findings, the following can be
inferred: the growth of larvae can be maximised by nutrition;
chemical composition can be functionally pre-designed; and
low-value, organic by-products and waste have great potential
as substrates for increasing economic feasibility in insect rear-
ing. Larval performance and waste biotransformation depend
on the chemical composition of the organic by-products
selected. Therefore, the objective of the current study was to
compare the effects of two types of green waste and two types
of manure as rearing substrate on the larval performance of
three edible species, T. molitor, Z. morio, and A. domesticus,
under the same environmental conditions, during their inten-
sive growing period. The substrates were evaluated for their
effect on growth, nutritional values, and mortality of the larvae.

2. Materials and Methods

2.1. Insects and Diets

For the study, the superworm (Zophobas morio, Coleoptera:
Tenebrionidae), yellow mealworm (Tenebrio molitor, Coleop-
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tera: Tenebrionidae), and house cricket (Acheta domesticus,
Orthoptera: Gryllidae) were selected among the seven com-
mercially available insect species for feeding animals in the EU.
Acheta domesticus and T. molitor are among the most intensive-
ly investigated species, whereas Z. morio has not been exten-
sively studied, although it is also mass-produced. The insects
were procured from BUGS-WORLD Ltd. (Tiszakécske, Hungary).

The organic wastes were:

« \legetable waste (mixed peels of 10% onion, 25% potato, 25%
sweet potato, 30% carrot, and 10% cucumber, with a total
water content of 91.4%);

Green garden waste with grass (50% Poaceae species and
other common weeds, 25% tree leaves, and 25% branches
(Populus, Salix, Pinus, and Corylus species), and a mixture of
stone fruits, and other ornamental plant parts, with a water
content of 36.2%;

55% cattle manure with faeces and urine, and 45% cereal straw
with a water content of 45.7%;

35% horse manure with faeces and urine, and 65% cereal straw
with a water content of 28.3%.

For the experiments, the larvae were fed diets (henceforth
called substrates), containing 90% of the given organic waste
and 10% of chicken feed. The green waste was chopped to
2-4-cm long pieces and manures were broken into small piec-
es. Mashed chicken feed, produced by VITAFORT Plc. (Dabas ,
Hungary) for intensive broiler breeding (13.05% water, 0.80%
lysine, and 0.30% methionine), was mixed with the substrates
and was used as a control. Chicken feed was chosen consider-
ing both industrial practice and recommendations, and previ-
ous study results [13-14]. Preliminary tests showed a high mor-
tality of insects with all combinations of the selected organic
waste in pure form. However, providing a limited amount of
balanced feed improved larval survival; 10% chicken feed sup-
plementation generally resulted in a low mortality rate.

2.2. Experimental Design

Before starting the feeding experiments, the newly hatched
larvae of T. molitor and Z. morio, and those of A. domesticus
were reared on chicken feed, fresh carrots, and cucumber (70%,
20%, and 10%, respectively) for 56 and 21 days, respectively,
when they started to grow intensively. The diet provided dur-
ing this period ensured that the larvae were in good condition
at the start of the experiment. Air humidity was maintained
at 60% =+ 4% for T. molitor and Z. morio, and 80%, 70%, and
60% for A. domesticus during the subsequent weeks to pro-
vide optimal conditions for healthy insect development. In
the rearing environment, the temperature was 22.5 + 2.5 °C
and humidity was 60% =+ 4%, with a 12:12-h light/dark cycle.
We focused on the intensive growing period of the selected
species under the given rearing conditions. The experiments
lasted for 45 days with all three insects. The initial number of
larvae was 100 in each trial, with three replications. The lar-
vae were fed ad libitum throughout the experimental period.
Fresh substrates of weight equivalent to 25x the net weight
of live larvae were added, and the residues and excreta were
removed on day 15 and 30 when recording the weight of the
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larvae. The size of the plastic box (width X length x height)
for T. molitor and Z. morio was 30 x 38 x 10 cm, and that for
A. domesticus was 18.1 x 25.6 X 13.6 cm; egg cartons with a
surface area of approximately 1800 cm? were used in each trial.

2.3. Measured Parameters

Mortality, growth, and weight of live larvae were recorded on
day 15, 30, and 45. After maintaining the larvae at 4 °C for 60
min, they were separated from the remaining substrate and
excreta with a spatula in the first period (later by sieving with
mesh of size 2 mm), and then further separated as dead and
alive. Only live individuals from each experimental unit were
considered when recording. The larvae were weighed using a
pre-calibrated, KERN ABT 320-4NM analytical balance of 0.1 g
weighing accuracy, with a measuring range of 10 mg-320 g.
Nutritional composition of the larvae, including crude protein,
crude fat, fibre, ash, and energy, was measured after 45 days
of the experiment. The substrates were analysed for the total
organic content, and total nitrogen, protein, carbohydrate, fat,
total phosphorous, potassium, and calcium concentrations. All
chemicals and reagents were of analytical grade. Total nitro-
gen concentration was determined using the Kjeldahl method
according to the standard ISO 5983-1:2005 method for ani-
mal feedstuff. Crude protein concentration (P) was calculated
using Equation 1

P = total Kjeldahl nitrogen x CF, (M

where CF is the conversion factor, which is 4.76 for the lar-
vae and 6.25 for the substrates. Janssen et al. [15] proved that
nonprotein N in insects leads to an overestimation of protein
concentration. They reported comparable CF values among
larvae belonging to different orders; the CF for T. molitor was
4.76 £ 0.09. Crude fat concentration in the substrates and the
larvae was determined using the standard ISO 11085:2015
method for cereals, cereal-based products, and animal feed-
stuffs using an automated extractor (VELP Scientific, Randall).
Carbohydrate concentration was determined using a spectro-
photometer (Hach DR6000), according to the method of Dubois
[16]. Fibre concentration was measured according to the meth-
od of Bordereau and Andersen [17] for termite species. Total ash
concentration was determined using the standard 1SO 936:2000
method for meat and meat products. Gross calorific value was
determined using the standard 1SO 9831:1998 method with
a Parr 6400 automatic isoperibol oxygen bomb calorimeter.
Substrate extracts were prepared using the microwave-assist-
ed digestion method with 2 mol/dm?nitric acid and 30% m/m
hydrogen peroxide, on a Milestone MLS 1200 Mega high-per-
formance microwave digestion unit. The concentration of total
organic carbon (TOC), phosphorous, and potassium was deter-
mined using the Hach DR6000 spectrophotometer following
the LCK 381, LCK 350, and LCK 228 tests, respectively. Calcium
concentration in the extracts was measured using a Jenway
PFP7 type low-temperature, single-channel, flame photometer.

2.4. Data Analyses
The changes in mortality and individual weight of the larvae
over time were analysed using a repeated-measures ANOVA,
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where the larval characteristics were considered the depend-
ent variables, whereas species and rearing substrates were
considered the independent variables. The dependent vari-
ables were continuous, whereas the responding ones were
categorical. The four timepoints (days 0, 15, 30, and 45) were
chosen as the repeated measure factor. Time, species, and
substrate interactions were considered statistically different
at the significance level of 5%. When the F-test results were
significant, Duncan’s new multiple range test was used for
post-hoc comparison of the differences between the pairs of
means at a level of a = 0.05. Statistical computing was car-
ried out using R software. Data were analysed using R version
3.6.3 (2020-02-29).

3. Results

3.1. Effect of Substrates on Larval Weight

An increase in the weight of individual larvae was monitored
for each species and substrate. There were significant differ-
ences between the weights recorded every 15 days for all
diets and species (Figure 1). The Duncan test differentiated
the three homogenous groups (p < 0.10). There were no sig-
nificant differences in weight among larvae of the three spe-
cies and between the experimental diets.
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Figure 1: Mean individual larval weight of T. molitor and
Z. morio at the age of 56-101 days, and A. domesticus at
the age of 21-66 days, by substrates (the bars indicate the
95% confidence interval). Different letters show statisti-
cally significant differences among the species.

Considering the increase in larval weight during the 45-day
experiment period, regardless of the species and rearing sub-
strate, Z. morio showed the highest growth rate, followed by
A. domesticus, and T. molitor. The difference in the growth
rate between the latter two species changed the order of indi-
vidual weight between days 15 and 30; it is noteworthy that
the initial ages of the larvae were different (21 and 56 days),
respectively (Figure 2).
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Species

@ A domesticus
0.754 @ T. molitor

@ Z. morio

Mean individual larval weight (g)
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Figure 2: Mean individual larval weight of T. molitor, Z.
morio, and A. domesticus when reared on the different
substrates, by time (the bars indicate the 95% confidence
interval). Different letters show statistically significant dif-
ferences among the species.

A comparison between the two species belonging the family
Tenebrionidae revealed that Z. morio was significantly heavier
than T. molitor at the age of 56 days (a = 0.05), and this dif-
ference increased with time. Acheta domesticus larvae were
the lightest, but they showed the highest relative increase in
individual weight. However, during the experimental period
of 45 days, the rate of growth with time, expressed as a rate
of change [(mt/mt-1) x 100], increased for Z. morio, started to
decrease between days 30 and 45 for T. molitor, and peaked
between days 15 and 45 for A. domesticus (Figure 3).
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Figure 3: Rate growth of T. molitor and Z. morio larvae
and A. domesticus when reared on the different sub-
strates (the bars indicate the 95% confidence interval).
Different letters show statistically significant differences
among the species.

3.2. Nutritional Compositions of the Substrates

The nutrient composition of the substrates used in the experi-
ment is presented in Table 1. The mean dietary ranges for dif-
ferent components were as follows: 9.43-30.08% TOC, 0.16—
1.28% N, 27.88-212.80 g/kg protein, 13.35-125.70 g/kg car-
bohydrate, 2.34-5.58 g/kg fat, 0.10-0.43% K, and 0.79-1.38%
Ca. Chicken feed had the highest total nitrogen, protein, and
carbohydrate concentrations. The carbohydrate concentration
of vegetable waste was comparable with that of other wastes.

Table 1: Nutrient composition of the substrates used as diets for rearing Zophobas morio, Tenebrio molitor, and Acheta

domesticus larvae.

Components CF CF/VW 1:9 CF/GW 1:9 CF/CM 1:9 CF/HM 1:9

Total organic 19.74 +3.38" 943+1.71¢ 16.63 £2.25°¢ 19.66 £1.70 30.08 +2.16°
carbon (C%)

Tma'd\}%"ge“ 128+0.12° 0.16 +0.01 ¢ 0.60 + 0.05 ° 037 +0.03° 030 +0.03°
Protein (g/kg) 212.8+831° 27.88+478¢ 76.18 £ 7.74° 39.65+7.11¢ 50.33+5.84°
cart(’;’/hlz’gd)rate 1257 +1.74° 19.25+0.70° 14.01 +1.03 ¢ 13.35+0.71 ¢ 16.90 +0.93 €
Fat (g/kg) 3.22+1.08¢ 234+099°¢ 424+070° 3.19+0.64¢ 5.58 + 0.60 °
Phosphorous (P%) | 0.43 0.02° 0.10 +0.01°¢ 0.18+0.02° 0.16 +0.01 ¢ 0.21+0.02"
Potassium (K%) 0.49 +0.04° 0.10 + 0.05 ¢ 0.64 + 0.06 ® 0.37 +0.04¢ 0.42 +0.05 ¢
Calcium (Ca%) 1.02+0.02°¢ 0.97 +0.07 € 1.38+0.03° 1.15+0.06 " 0.79 +0.03 ¢

Abbreviations: CF: chicken feed (control), VW: vegetable waste, GW: garden waste, CM: cattle manure, HM: horse manure; 1:9 is
the ratio of CF and the given organic waste. The values are presented as mean + SD in dry weight %, n = 6. Means within a row

with the same letter are not significantly different.
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Table 2: Analysed nutrient composition of Zophobas morio, Tenebrio molitor, and Acheta domesticus larvae by diet (the

values are presented as mean + SD in dry weight %, n = 3).

Components CF CF/VW 1:9 CF/GW 1:9 CF/CM 1:9 CF/HM 1:9
A. domesticus

Crude protein (g/kg) 67.25+0.10° 61.20+0.57 65.30 +0.50° 57.80+0.10¢ 56.40 + 0.40 ¢
Crude fat (g/kg) 14.41+0.03 € 17.10 £ 0.65° 19.30 +£0.53° 18.60 +0.29° 19.40 +0.43°
Fibre (g/kg) 1572 £0.03 ¢ 17.50 + 0.66 ° 17.83+0.38° 18.60 £ 0.29° 19.20 £ 0.37°
Ash (g/kg) 480 +£0.04° 5.40 + 0.54° 6.20+0.39° 520+0.32° 498 +0.32°
Energy (MJ/kg) 17.35+0.10°¢ 18.22 +0.01¢ 18.27 £0.02 ¢ 18.64 +0.01° 18.78 +£0.02°

T. molitor
Crude protein (g/kg) 47.18 £0.04° 46.30+047° 4230+0.27° 38.92+048¢ 37.90 £0.29°
Crude fat (g/kg) 43.08 +0.05° 4330+0.24° 4520+ 043¢ 4670 +031° 4750+0.36°
Fibre (g/kg) 7.44 +0.02° 8.01+037°¢ 890+041° 9.50 £ 0.23 9.30£0.16°
Ash (g/kg) 3.08£0.05° 3.01 £0.39° 3.20+0.38° 485+0.21° 5.30+0.33°
Energy (MJ/kg) 24.17 £0.01¢ 2439+0.02°¢ 24.59+0.01° 24.68 +0.01° 24.60 +0.02°

Z. morio
Crude protein (g/kg) 46.79+1.03° 4570+ 048" 41.20+031° 39.40 + 0.34¢ 38.70 £ 0.39¢
Crude fat (g/kg) 42.04+0.74¢ 4320+031°¢ 4430+037° 4570 +0.41° 4630+042°
Fibre (g/kg) 9.26 +0.04 ¢ 9.43+0.30° 11.30+0.11° 10.20 +0.48° 932+0.20°¢
Ash (g/kg) 2.61+0.03° 2.89+031° 3.01+0.15° 470+0.34° 489+0.27°
Energy (MJ/kg) 24.10+0.02 ¢ 2443 +0.01° 2438 +0.01°¢ 24.75+0.01° 24.75+0.01°

Abbreviations: CF: chicken feed (control), VW: vegetable waste, GW: garden waste, CM: cattle manure, HM: horse manure; 1:9 is
the ratio of CF and the given organic waste. Means within a row with the same letter are not significantly different.

Fat concentration in the chicken feed was not significantly dif-
ferent from that in vegetable waste and cattle manure, and it
was lower than that in garden waste and horse manure. The
phosphorous concentration was different in all substrates,
whereas the potassium concentration did not differ between
the cattle and horse manure. The chicken feed contained the
highest concentration of protein, nitrogen, carbohydrate, and
phosphorous compared with the other four substrates. The
fat and carbon concentrations were relatively higher in horse
manure, but they were comparable between cattle manure
and garden waste. Vegetable waste had the lowest concen-
tration of fat and carbon.

3.3. Nutrient Value of the Larvae

The nutrient composition of the larval species, evaluated at
the end of the experiments, showed differences with the
diets (Table 2).

The crude protein concentration in A. domesticus was 57.8%
when fed cattle manure, followed by 56.4% when fed horse
manure; the protein concentration was the highest, that is,
67%, when fed chicken feed. The crude fat concentration was

14.4-19.4%, with the lowest and highest concentrations in
larvae fed chicken feed and horse manure, respectively. There
were no significant differences between the larvae fed manure
and those fed garden waste. The fibre concentration ranged
from 15.7-19.2%, with the lowest and highest concentrations
in larvae fed chicken feed and manures, respectively. The ash
concentration was the highest when the larvae were fed gar-
den waste (6.2%), whereas it was the lowest when the larvae
were fed the other diets. The larva- fed chicken feed presented
the lowest energy level, whereas those fed manure exhibited
the highest energy level, with a range of 17.4-18.8 MJ/kg. The
crude protein concentration of T. molitor was lower, whereas
its crude fat concentration was higher than those of A. domes-
ticus, with a range of 37.9-47.2% and 43.1-47.5%, respective-
ly. The fibre and ash concentrations were lower in T. molitor,
whose fibre concentration was half of that of A. domesticus.
Considering the differences in the nutrient composition of
T. molitor, rearing the larvae on chicken feed resulted in the
highest crude protein and the lowest crude fat concentrations,
whereas rearing on horse manure resulted in the highest fat
and the lowest protein concentration. Furthermore, the fibre
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and ash concentrations of the larvae were the lowest when
reared on chicken feed, whereas they were the highest when
the larvae were reared on the manures. Zophobas morio was
comparable to T. molitor in terms of protein, fat, and ash con-
centrations. The order of change was similar, with the larvae
reared on manure presenting the lowest protein and high-
est fat concentrations. Only the fibre concentration differed
between the diets, wherein garden waste resulted in the
highest fibre concentration, whereas horse manure resulted
in a low fibre concentration compared with chicken feed. The
mean ash concentration of A. domesticus was higher and less
variable than that of T. molitor and Z. morio. The ash concentra-
tion of A. domesticus was independent of the substrate com-
position, but manure diet increased and the green waste diet
decreased the ash concentration in T. molitor and Z. morio.

¥

Image 1: Mealworm beetles

3.4. Evaluation of the Effect of Substrates and Rearing Time
on the Survival of Larvae

After 45 days of rearing, the highest recorded mortality of Z.
morio and T. molitor larvae was 6.67% + 0.58% and 2.76% +
0.58%, respectively. At the end of the experiment, the mor-
tality rate of A. domesticus fed chicken feed was 530% +
1.53%. However, after 45 days of rearing, the percentage of
live A. domesticus larvae was 77.67% =+ 1.53% for vegetable
waste, 68.00% + 4.36% for garden waste, 64.33% + 1.53% for
horse manure, and 54.67% + 1.53% for cattle manure. When
fed green garden waste and vegetables, there was a consid-
erable drop in the number of live larvae only on day 45. The
results of Duncan’s multiple range test showed significant
differences (a = 0.1) in mortality among the larvae reared on
chicken feed, garden waste, and manures. The effect of cat-
tle and horse manure on mortality was not different, but that
of chicken feed and garden waste was comparable. Although
the number of live A. domesticus larvae was significantly
lower (a = 0.05) than that of the two species belonging to
Tenebrionidae, there were no significant differences between
T. molitor and Z. morio. The number of live larvae of all three
species significantly decreased with time, and the results of
the variance analysis revealed a significant difference in the
mortality rate among the species.

18 Biohulladék 14. EVFOLYAM 1. SZAM

SCIENTIFIC SECTION

The effect of the substrates on the mass of live larvae was sig-
nificantly different (a = 0.1) among the larvae reared on chick-
en feed, green wastes, and manures. The effects of vegetable
waste and garden waste were similar to those of cattle and
horse manure. After 45 days, the mass of live A. domesticus lar-
vae was not significantly different from that of T. molitor when
fed vegetable and garden waste, but it was significantly lower
than that of T. molitor when fed the manure substrates. The
net weight of A. domesticus significantly increased between
days 30 and 45 only in larvae fed chicken feed and vegeta-
ble waste. On day 45, the minimum weight of live A. domes-
ticus larvae reared on cattle manure was 18.92 + 0.60 g, rep-
resenting 39.0% of larvae fed chicken feed (48.47 + 0.77 g).
The maximum mass of live larvae was produced by Z. morio
reared on chicken feed (81.44 + 1.69 g); however, with only
2.76% mortality, this species produced live larval mass of 63.65
+0.39 g and 63.75 £ 0.77 g when reared on cattle and horse
manure, respectively.

4. Discussion

4.1. Nutritional Value of the Larvae

With the hypothesis that diet has a significant effect on the
macronutrient composition of larvae, the protein or fat con-
centrations in diet for a given species can be tailored. It is
necessary to test diets that represent a wide range in nutrient
concentrations. In this study, chicken feed had the highest
protein and carbohydrate concentrations, whereas vegetable
waste had the lowest protein concentration with a low car-
bohydrate concentration, with a difference in means of 86.9%
and 84.7%, respectively. The carbohydrate concentration in
the waste was not considerably different, whereas the fat con-
centration in the horse manure diet was 2.38 times higher
than that in the vegetable waste. Acheta domesticus was rich
in proteins and fibre, and poor in fat, whereas T. molitor and Z.
morio were rich in fat and relatively poor in proteins. The dif-
ferent species showed significantly different nutritional com-
position when reared on different diets, and all low-nutrient
value substrates resulted in reduced protein concentration
and increased fat concentration in all three species.

For T. molitor and Z. morio, Broekhoven et al. [18] found
that the larval protein concentration was relatively stable
in diets that differed 2-3-fold in protein concentration and
that dietary fat has a significant effect on larval fat concen-
tration. In the present study, the variation in the protein and
fat concentrations was low despite the considerable dif-
ferences in the dietary compositions. Furthermore, the dif-
ferences between the protein and fat concentrations were
lower than the findings of Addmkova et al. [19] in the last
and penultimate instar stages for both species. They found
the protein concentration in T. molitor larvae purchased from
insect farms (assuming optimal rearing conditions) was 52%
(calculated with a CF of 6.25), with a low fat concentration
of 31%, whereas the concentration of protein and fat in Z.
morio was 46% and 35%, respectively. In case of T. molitor,
Gonzélez et al. [20] also reported 48.8% protein and 30.7% fat
concentrations. Adamkova et al. [11] conducted experiments
at 17,23,and 28 °C, and observed the maximum fat concen-
tration at 23 °C in the last and penultimate instar stages. In
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Z. morio larvae reared on wheat, corn, soybean meal, water,
fruits, and vegetables, Araujo et al. [21] reported 46.8% pro-
tein and 43.3% lipid concentrations, which are similar to the
concentrations recorded in larvae reared on chicken feed in
this study. In the case of A. domesticus lavae, Rumpold and
Schluter [22] reported 71% protein and 18% fat concentra-
tions, which were obtained from a commercial supplier. This
is the closest to our findings when the larvae were reared on
chicken feed. Despite the wide range in macronutrient con-
centrations in the substrates, the nutritional composition of
A. domesticus, T. molitor, and Z. morio was species-specific.
Overall, to produce larvae with a relatively high fat concen-
tration, T. molitor and Z. morio are good candidates, whereas
A.domesticus is predominantly a protein source. However, in
agreement with the findings of Oonincx et al. [9], by choos-
ing an appropriate rearing material, composition can, to a
certain extent, be tailored.

4.2. Mass of Live Larvae during Rearing

When Miech et al. [22] tested the performance of Cambodian
field crickets (Teleogryllus testaceus), they found that the
larval survival rates on chicken feed, cereals, and green
biomass of different plants were similar to those on mono
diets, except that certain weeds resulted in lower weights.
Veenenbos and Oonincx [51] did not find any advantage
in feeding additional carrots to improve the survival of A.
domesticus. A 40% decrease in the survival rate of A. domes-
ticus just before adulthood was recorded by Vaga et al. [44] in
a control substrate. In this study, the survival of A. domesticus
larvae was influenced by the diet. The survival rate was simi-
lar to the findings of Sorjonen et al. [37] for insects reared on
alternative diets at the age of 15-45 days, and similarly, low-
protein alternative diets resulted in higher mortality. Contrary
to our findings, Collavo et al. [43] recorded an almost linear
decrease in survival with time at the age of 1-81 days, with
a survival rate of 47.5% on human refuse waste, as an exam-
ple. The effect of temperature lower than the optimal range
was presumably low, based on the findings of Lachenicht et
al. [52]. Oonincx et al. [6] found that the survival of T. molitor
on low-protein diets (12.9-14.4%), compared with that on
high-protein diets (21.9-22.9%), was low. In this study, T.
molitor and Z. morio did not show a considerable increase
in mortality when reared on low-protein diets. The growth
rate, biomass accumulation, and population viability were
strongly determined by food substrate composition in A.
domesticus, and the N concentration explained 68% of the
variation across treatments, whereas the ratio of N-to-acid
detergent fibre explained another 28% of the overall treat-
ment variability [17]. The mass of Z. morio and A. domesticus
increased more than that of T. molitor, although the weight
of the same number of A. domesticus larvae was significantly
lower than that of T. molitor on day 1 of the experiment. The
final net mass was still comparable despite the increase in
mortality of A. domesticus over time. The mass of live larvae
is determined by the mortality and the weight of the indi-
vidual larvae, and their ratio gives the absolute order of the
candidates. In this study, Z. morio reared on low-value waste
showed the highest performance.

SCIENTIFIC SECTIO

Image 2: Adult house cricket

5. Conclusions

Our results confirmed that a high percentage of mixed vegetable
waste, garden waste with green biomass of several species, or cat-
tle manure and horse manure cannot be considered an optimal
rearing substrate to grow A. domesticus, T. molitor, and Z. morio
larvae. All low-nutrient value substrates decreased the protein con-
centration and increased the fat concentration in all three species.
Despite the wide range of macronutrient concentrations in the
substrates, the nutritional composition of A. domesticus, T. molitor,
and Z. morio was species-specific, although the nutritional value
of the larvae from the three species was significantly affected by
the composition of the rearing substrate. We identified protein and
fat combinations for the three species that can be suitable for the
feeding programs of animals. In the future, we will evaluate means
to prolong the survivability of the larvae at 45 days, and relate this
to the possible frequency of substrate provision. m
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Osszefoglalé

Alternativ allati takarmanykiegészitének szant, fe-
hérje céla rovarfajok tenyésztési kisérletei kiilonb6z6
biohulladékokon

A tanulmany célja kilonbdzé mezdgazdasdgi mellékter-
mékek hatdsédnak vizsgdlata volt gydszbogér (Zophobas
morio) és lisztbogar (Tenebrio molitor) larvak, valamint
hazi tlcsok (Acheta domesticus) ndvekedési és tulélé-
si ardnydra, valamint a beltartalmi értékeik valtozasara.
A kontrol csoportok takarmanyként csak csirketdpot kap-
tak, a vizsgdlt takarmany keverékek 10% csirketap és 90%
szerves hulladék keverékébdl dlltak (ndvényi hulladék, zold-
ség hulladék, szarvasmarha tragya és létragya). A csirketa-
karmannyal 6sszehasonlitva a szerves hulladék csokkentet-
te az egyes larvak tdmegét, bar a zoldhulladék kevesebb
negativ hatdst mutatott, mint a trdgya. A kerti hulladék
makrotdpanyag-koncentracidja mérsékelt volt, &sszeha-
sonlitva a csirketakarmannyal, és a novényi hulladék volt
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a tadpanyagkoncentracié szempontjabdl a legszegényebb
étrend. Tomegben nem volt kilénbség a kerti hulladékon
és a novényi hulladékon nevelt rovarok kozott. A Tenebrio
molitor és az A. domesticus a maximalis ndvekedési sebes-
séget 71-101, illetve 36-66 napos korban mutatta. Eredmé-
nyeinkbdl arra kovetkeztetlink, hogy a 90% tdmegaranyban
adagolt vegyes zdldséghulladék, zold kerti hulladék, illetve
a szarvasmarha- és a Iétragya sem tekinthetd optimalis te-
nyésztési szubsztratumnak az A. domesticus, T. molitor és Z.
morio larvak tenyésztésére. Ez elsésorban az alacsony tap-
anyagtartalmuknak készénhetd, amely étrend alacsonyabb
fehérjetartalmat és magasabb zsirkoncentraciot eredmé-
nyezett a bogarlarvakban és a tlicskokben egyarant.
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Tenyeksyhitek
a biopolimerekkel
kapcsolatban 1. rész

El6z6 cikkiinkben bemutattuk a biopolimerek viszonyat a miianyagokhoz
képest, amit kovetden jelen cikkiinkben megvizsgaljuk, hogy

milyen tények és tévhitek dvezik a biopolimerek vilagat. Ezeket

az dllitasokat az alabbiakban listaszeriien soroljuk fel és

tekintjiik at azok valésagtartalmat.

N\

- A biopolimer termékek id6ével szoba-
hémérsékleten is ,maguktol” szétes-
nek, lebomlanak. Igaz ez?

Ez egyike a legnagyobb tévhiteknek és

sajnos elég karosak a biopolimerek és be-

|61k készitett termékek megitélése szem-
pontjabol. Gondolatban elséként hozzuk
létre a tokéletes szerkezeti anyagot, ami-
bél szeretnénk termékeket késziteni. Ez
a tokéletes szerkezeti anyag megujulé eré-
forrdsbél létrehozhaté, szilardséaga, szivos-
sdga, tartéssaga vetekszik az acéléval, egy-
ben kdnnyU és egyszerlen feldolgozhato,
mint a mUanyagok, és végl, pedig ha mar
nem hasznaljuk, akkor vardzsutésre’, azaz
valamilyen hatdsra nyom nélkdl, szinte
azonnal lebomlik bioldgiai Uton és gy tel-
jes mértékben beillesztheté a természet
korforgasaba. Ez az anyag sajnos nem |é-
tezik, és valahol érezzik is, hogy a hosszu
tavu alkalmazhatosag, azaz a stabilitds és

a bioldgiai Uton valé kédnnyU lebonthato-

sadg egymasnak ellentmondé tulajdonsa-

gok és fogyasztoi kdvetelmények. A stabi-
litds és konny( lebonthatdsdg ugyanakkor
példdul a PLA (politejsav) biopolimer tu-

lajdonsagat tekintve szerencsés viszony- -
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Facts and myths
about biopolymers
- Part i

In our previous article, the relationship be-
tween biopolymers and traditional plastics
was examined. In this present article, facts
and myths about biopolymers will be dis-
cussed. The myths will be listed as statements
below, and their factuality will be analyzed.

— After a period of time, biopolymer prod-
ucts tend to disintegrate and degrade
‘by themselves’ at room temperature. Is
that true?

This is one of the biggest myths and, unfor-

tunately, it leads to false appraisals of bio-

polymers and biopolymer-based products.

In theory, the perfect structural material

is first created, which then forms the basis

for future products. This perfect structural
material can be produced with renewable
energy sources, and its solidity, durability,
and long-lasting nature all make it similar
to steel, while it is light and easy to process,
just like plastics. Finally, when it is no lon-
ger in use, like magic it almost immediately
degrades biologically thanks to its special pa-
rameters and thus is completely integrated
into the natural cycle. Unfortunately, how-
ever, such a material does not exist, and it is
quite clear that the characteristics required
for long-term usability — that is, both sta-
bility and easy biological degradation — are
contradictory, both as product features and
in terms of consumer demand. On the other
hand, stability and easy degradation are fea-
tures relatively strongly associated with the
biopolymer PLA, or Polylactic Acid. At un-
der 50°C, PLA is almost completely stable,
and the products made from it can be used
for years. However, when it is composted in-
dustrially — a process which normally takes
place at above this temperature — the process
of biological degradation starts. This tem-
perature is the so-called PLA glass transition
temperature (Tg). At over this temperature,
the molecule chain activity of PLA intensi-
fies significantly, which accelerates its degra-

dation by orders of magnitude (although a

higher temperature itself is not enough for

this). This means that the ‘magic’ that dif-
ferentiates stability and long-term usability
and easy degradation is, in the case of the

PLA biopolymer, the transition temperature.

At below the specified temperature PLA can

be used for years, while at above it (such as

under the conditions created by the com-
posting process) it degrades relatively rap-
idly. Let us look at another example of an
even better known biopolymer or natural
polymer (Category 3 biopolymer). This is
simply wood. Wood is considered a renew-
able energy source (specific plants create it
from glucose through photosynthesis) and it
is also biodegradable. Still, it does not dis-
integrate and degrade by itself very quickly.
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ban dllnak. A PLA biopolimer ugyanis
50°C alatt szinte teljesen stabil, és igy éve-
kig hasznalhato termék gyarthaté beléle,
viszont amikor ipari Uton komposztéljuk
—amely tipikusan ezen hémérséklet felett
torténik —, akkor beindul a biolégiai tton
torténdé lebomldsa. Ez a hdmérséklet nem
mas, mint a PLA Ugynevezett (vegesedési
dtmeneti hémérséklete (jeldlése Tg), ami
felett a PLA molekulaldncainak mozgé-
konysédga, aktivitdsa jelentésen felgyor-
sul és ez egyben a boml3asat is jelentésen,
nagysagrendileg felgyorsitja (de pusz-
tdn a hémérséklet nem elegendé hoz-
z3). Azaz tulajdonképpen az a bizonyos
,varazsités’, ami elvalasztja egymastdl a
stabilitdst és a hosszu tavu felhasznalha-
tésagot és a kdnnyl lebonthatdsdgot, az
a PLA biopolimer esetében egy hatarhé-
mérséklet. Ez alatt évekig hasznalhato, fe-
lette pedig (a komposztaldsi folyamat ko-
rilményei kozott) relative gyorsan bomlik.
llletve hadd hozzak fel még egy példat
egy ennél is jobban ismert biopolimerrel,
pontosabban természetes polimerrel (Il
as szintl biopolimer) kapcsolatban. Ez
nem mas, mint a fa. A fat megujulé eré-
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forrasnak tekintjik (fotoszintézis soran
létrejové glikozbol épiti fel az adott no-
vény) és egyben bioldgiai Uton bonthato,
mégsem fog csak ugy magatdél révid idd
alatt szétesni és megindulni a lebomlasa.

- Miért hivjuk a biopolimereket,lebom-

I6nak’, ha nem bomlanak le maguktél?
Atudomanyos életben nem is hivjuk lebom-
|6nak ezeket az anyagokat, pusztan csak ar-
rél van szé, hogy sajnélatosan megragadt
ez a kifejezés az elsé biopolimerek megje-
lenésével a kdznyelvben, mivel kordbban a
gyartok helytelendl ezt a kifejezést hasznal-
tak. A helyes kifejezés megtaladldsahoz néz-
zUk meg, hogy mit ir a nemzetkozi szakiro-
dalom. Ott,biodegradable”-nek hivnak egy
Jebomld” polimert, ami a bio-de-grade-
able szavakbdl tevédik 6ssze. A, bio” biold-
giai Uton-t jelent, a,grade” pedig osztalyo-
zast, mindsitést, a ,de” pedig fosztoképzo.
Eddig akkor ugy néz ki a kifejezéstink, hogy
biooldgiai Uton lemindsitd, degradalo, azaz
bonté. Es ott a kifejezés végén az,able’, ami
a hat-, het-, képzé magyarul. Ennek megfe-
lel6en a teljes kifejezés Ugy hangzik, hogy
biolégiai Uton lebonthatd és nem pedig
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lebomlé. A magyar nyelvben a ketté ko-
z6tt nagy kilénbség van, hiszen ha valami
lebomlé, akkor folyamatban van a lebom-
|&sa és azt gondolnank, hogy ez a folyamat
magatél végbemegy, amig a lebonthato ki-
fejezés azt jelenti, hogy a lebontés az pusz-
tan csak egy lehet&ség, amivel vagy élink
vagy nem, de magatdl révid idé alatt nem
megy végbe a folyamat.

- Ettdl fliggetleniil igenis létezik olyan po-

limer, amely magatél szétesik, lebomlik.
Valéban forgalomban voltak/vannak olyan
mUanyagbol készilt termékek (féleg zacs-
kok), amelyek latszélag lebomlottak és ma-
guktol szétestek apré darabkakra. Ami na-
gyon lényeges, hogy tudjuk, hogy ez nem
bioldgiai Uton torténd lebomlast jelent.
Ezek a termékek hagyomanyos mdanyag-
bol, dltaldban polietilénbdl (PE) vannak, te-
hat NEM biopolimerek semmilyen szinten.
A PE a molekulaszerkezetének sajatossagai
miatt oxidacié Utjan, azaz oxigén (vagy le-
vegd) kézegben hajlamos a fizikai Grege-
désre, bomldsra, aminek meggatoldsara
antioxidans adalékanyagokat alkalmaznak,
ha tartés hasznalati terméket gyartanak be-

|6le. Ezek a,maguktdl szétesd” mlanyagok
viszont pont ellenkezbleg, egy, az oxidaciét
felgyorsitd és a mlanyag molekulaldnc szét-
esését felgyorsitd adalékanyagot tartalmaz-
nak, amelynek hatdsara a mdanyag termék
ugyan darabokra esik szét, de maga a folya-
mat nem bioldgiai, hanem fizikai Gton megy
végbe és a visszamaradd mlanyag darab-
kak sem lesznek bioldgiai Uton bonthatdk.
Ezeket egyébként oxo-degradabilis, vagy
oxo-lebomlé mUanyagoknak hivjuk, ame-
lyeket jelenleg még alkalmazzdk, ugyanak-
kor 2021-t4l tiltani fogjék ezek hasznélatat
és csak a tényleges biopolimerek alkalma-
zasa lesz engedélyezett.

- Miakiilonbség a biopolimer / lebont-
haté (lebomlé) polimer / komposztal-
haté polimer k6zott?

Ezek a fogalmak mind a biopolimer gyjt6-

fogalom alé csoportosithatok, azaz a,biopo-

limer"-t tekintjik a teljes halmaznak, amelybe
beletartoznak a megujulé eréforrasbol eléal-
lithatd és a bioldgiai Uton lebonthaté polime-
rek is (Idsd el6z¢ cikkben biopolimerek csopor-
tositdsa dbra). Ertelemszer(ien a biopolimerek
csoportjanak részhalmaza a (bioldgiai Uton)
lebonthatd polimerek, amely kifejezéssel
akkor éltunk, amikor csak azt a tulajdonsa-
got szeretnénk hangsulyozni, hogy az adott
biopolimer biolégiai Uton lebonthato, flig-
getlendl attél, hogy megujuld eréforrashol
hozték-e |étre vagy sem. A komposztalhato
polimer alatt pedig a lebonthaté polimere-
ken belll még mélyebb részhalmazt értink,
ahol nem csak azt szeretnénk hangsulyozni,
hogy az adott polimer biolégiai Uton lebont-
hatd, hanem azt is, hogy ezt komposztalas-
sal lehet végrehajtani. Végll pedig a lebom-

16 polimer kifejezést a kordbbiakban mar

targyaltuk, hogy félreértésekre adhat okot,

igy ennek hasznélata nem javasolt, helyette

a (biologiai Uton) lebonthatd kifejezést ér-

demes hasznalni.

- A biopolimerek visszaforgatasara
nincs elegend6 komposztalasi kapa-
citas, és ez gondot jelent mivel csak
és kizarélag komposztalassal lehet
visszaforgatni ezeket.

Felvetédik a kérdés, hogy miért gondol-

juk, hogy a biopolimereket csak és kiza-

rolag komposztalni lehet? Valészintleg ez
a tévhit a biopolimerek csoportjéba tartozod
komposztalhatod polimer kifejezésbdl ered,
ugyanakkor tekintve, hogy a biopolimerek
a mulanyagok kérnyezetbarat véltozatai, igy
ugyanugy lehet a biopolimerekbd! készilt
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— Why are biopolymers called ‘degradable’
if they do not degrade by themselves?

In the field of science, such materials are not
considered degradable. What unfortunately hap-
pened was that the expression degradable became
widespread in everyday language when the first
biopolymers appeared as producers were using
this term incorrectly beforehand. To identify the
proper expression, let us see what the term ‘bio-
degradable’ means in the international profes-
sional literature. ‘Degradable’ polymers are some-
times referred to as ‘biodegradable’ due to the
components of the word ‘bio-de-grade-able’. ‘Bio’
means biologically, and ‘grade’ refers to a classifi-
able quality or classification, while ‘de’ is a nega-
tive prefix. So, the expression means biologi-
cally degrading, or disintegrating. At the end of
the expression, ‘able’ refers to ability. Thus, the
complete expression means that something may
be degraded biologically, rather than that it de-
grades. The difference in the two languages is re-
sponsible for some of the variation in meaning. In
Hungarian, the word ‘degradable’ means that iz de-
grades, that s, it degrades by itself, while the original
English meaning of the word suggests that it has
the capacity of degradation, which is either utilized
or is not. However, degradation by itself definitely
does not take place within a short period of time.

— In spite of this, there are polymers that
disintegrate and degrade by themselves.
In fact, there were/are plastic products (mostly
plastic bags) that seem to disintegrate and de-
grade by themselves into tiny particles. What is
important to note is that this degradation is not
biological degradation. These products are usu-
ally made from traditional plastics, typically
polyethylene (PE) — that is, they are NOT con-
sidered biopolymers in any way. Due to its mol-
ecule structure, PE tends to age physically and
disintegrate through oxidation; that is, in an en-
vironment that contains oxygen (or air). To pre-
vent this process, anti-oxidant additives are used
if the final product is supposed to last for a long
time. Plastics which ‘degrade by themselves,” on
the other hand, contain additives that accelerate
the oxidation process and the disintegration of
the plastic molecule chain. As a result, the treated
plastic product disintegrates into tiny pieces, but
the process is physical rather than biological, and
the remaining plastic particles will not be bio-
degradable cither. These plastics are called oxo deg-
radable plastics, which are currently still used, but
from 2021 onwards their use will be prohibited

and only real biopolymers will be allowed.

—What is the difference between biopol-

ymers / degradable (degrading) polymers

/ compostable polymers?
The terms above belong to the collective group
‘biopolymers’; that is, the term ‘biopolymers’ re-
fers to a complete category that also includes
biodegradable polymers produced from renewable
energy sources (see the figure with the classification
of biopolymers in the previous article). Logically,
the biopolymers group includes (biologically)
degradable polymers, a term that is used when the
biodegradable property of the specific biopolymer
is highlighted, no matter whether it has been
produced from renewable energy source or not.
Compostable polymers are thus considered an even
smaller category within the group of degradable
polymers, and this characteristic is usually high-
lighted when it is important that a specific pol-
ymer is biodegradable, and that this process can
take place through composting. Finally, as discussed
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before, the term ‘degradable polymer’ may cause
misunderstanding, so the use of the term is not
recommended. Instead, the expression (biolog-
ically) degradable is recommended.

—There is not sufficient composting ca-
pacity for the recycling of biopolymers,
which is a problem as they can only be
recycled through composting.

The question arises why it is believed that
biopolymers can only be composted. This myth
probably comes from the term ‘compostable
polymers,” which are classified as one type of
biopolymer. However, given that biopolymers
are the environmentally friendly versions of
plastics, products made from biopolymers can
be reused (reusable products), recycled (ground
up and used in new products), composted,
incinerated, and even depolymerized. The last
two techniques require some explanation. On
the one hand, biopolymers (Level 2 or above)
can be incinerated without any environmental
damage because — as noted before — they are
carbon-dioxide neutral, unlike plastics, which
are produced from fossil oil, the incineration
of which significantly increases the level of
carbon dioxide in the atmosphere. During the
incineration of biopolymers, carbon dioxide is
emitted. However, this is carbon dioxide that
was bound up during the process of photo-
synthesis — the process by which plants create
glucose, which is the basic material of biopol-
ymers. Depolymerization is an option if the
biopolymer product can be dealt with by the
chemical industry, which can reduce the bio-
polymer molecule chain to its basic units, from
which a long molecule chain may be rebuilt.
As we can see, there are a total of five options
for recycling biopolymers, and composting
is just one of them. If in relation to current
biopolymer production only composting is used
as a treatment technique, today’s composting
capacity will need to be significantly expanded,
and household-level composting will need to be
involved in the treatment of biopolymers.

—When biopolymers are composted, is it
impossible to use household composters?
Or is it only possible to do this at in-
dustrial composting plants?

It is true that there are biopolymers whose bio-
degradation requires the conditions present in
industrial plants only. An example is the PLA
mentioned above. The reason for this is that
the glass transition temperature of PLA (over
which the activity level of the molecule chains
is significantly higher) is between 50 to 60°C
— that is, the composting process must be con-
ducted at a higher temperature in order to min-
imize the degradation time. Normally, this tem-
perature is created in industrial composting
units for only a short period of time, or not
at all. Apart from PLA, there are polymers with
a high starch content that can degrade in house-
hold composters as well. In their case, the water
solubility of starch also contributes to degrada-
tion at lower tem-peratures. However, — logical-
ly — easy degradation usually means a shorter
period of usability; that is, these products can-
not be used for a very long time so the range of
products is also smaller than that of PLA pro-
ducts. Finally, it should be noted that research
is currently being done to create a PLA biopoly-
mer that is suitable for technical use but which
can be composted in household composters with
the use of various enzymes.
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termékeket Ujrahasznalni (tdbbszor haszna-
latos termékek), ujrafeldolgozni (ledardlva
és Ujra terméket létrehozva), komposztal-
ni, égetni, sét depolimerizalni. Az utolsd
két modszer kicsit tdbb magyarazatot igé-
nyel. Egyrészt a biopolimerek (ll-es szint
vagy felette) ,blntetlentl” égetheték — mi-
vel ahogy kordbban targyaltuk is — anya-
gaban szén-dioxid semlegesek, szemben
a mulanyagokkal, amelyeket kéolajbdl alli-
tanak elé és igy utobbiak égetése jelent6-
sen noveli a 1égkor szén-dioxid tartalmat.
A biopolimerek égetése soran szén-dioxid
keletkezik, az a szén-dioxid, amit a ndvény
a biopolimer alapanyagaul szolgélé glukéz
létrehozésa, azaz a fotoszintézis sordn meg-
kotott. A depolimerizacio pedig egy olyan
lehetéség, ahol is a biopolimer terméket
a vegyipar tudné fogadni és a biopolimer
molekulalancot ismétlédé alapegységévé
visszabontani, majd pedig az alapegysé-
gekbdl ismételten felépiteni a hosszd mo-
lekulaldncot. Ez 6sszesen 6tféle lehetdség
a biopolimerek visszaforgatésara beleértve
a komposztalast is. Abban az esetben ha
a jelenlegi biopolimer termelés esetében
ragaszkodnank hozza, hogy azokat csak
és kizarolag komposztéljuk, akkor valdban
szUkséges a jelenlegi komposztalasi kapa-
Citds novelése és a hazi komposztalas be-
vonasa a biopolimerek kezelésébe.

- Amennyiben komposztaljuk a biopo-
limereket, akkor arra a hazi komposz-
talas nem, csak és kizarélag az ipari
komposztalas alkalmas.

Valoban Iéteznek olyan biopolimerek,

amelyek biolégiai Uton toérténd lebon-

tdsahoz ipari komposztalas soran fennal-

|6 kortlmények szikségesek. Ilyen a mar
korabban emlitett PLA is, aminek magya-
razata, hogy a PLA Uvegesedési dtmeneti
hémérséklete (ami felett a molekulaldn-
cok mozgékonysaga nagysagrenddel na-
gyobb) 50-60°C kozott taldlhatd. Azaz
a komposztélasat mindenképpen efo-
lotti hémérsékleten célszer(i végrehajta-
ni, hogy minimalizéljuk a lebomlasi idét.
Legaldbb ekkora hémérséklet pedig jel-
lemz6en ipari komposztalokban alakul ki,
hézi komposztaléban maximum csak ro-
vid id6re vagy egyaltaldn nem. Ettd! flig-
getlentl léteznek olyan, éltaldban nagy
keményité tartalmu biopolimerek, ame-
lyek hazi komposztban is lebonthatdak.
Itt a keményité vizoldhatdsdga is hozza-

jarul a kisebb hémérsékleten végbemend

bomldshoz, de értelemszerlien a konny
bonthatosdgnak &ltaldban a hosszutavu
felhasznalhatdsdg az dra, igy ezen termé-
kek hasznalhatésagi ideje rovidebb, és
a gyarthatd termékek palettdja is szlikebb,
mint a PLA-bdI készilt termékeké. Végl
pedig érdemes megemliteni, hogy jelen-
leg is folynak kutatdsok, hogy a muszaki
célokra is alkalmas PLA biopolimer hazi
komposztalhatésagat sikerdljon elérni k-
|6nb6z6 enzimek segitségével.

- Mivel egyes biopolimerek csak ipa-
ri komposztaléban bonthatdk, igy
a kornyezetbe kijutva ugyanugy el-
tomitheti az allatok emésztészerv-
rendszerét, mint a miianyagok

Ahogy kordbban emlitettlk, vannak hazi

komposztban is bonthatd biopolimerek,

vagy akar vizoldhato, kdnnyen bomlé bio-
polimerek, amelyek kornyezetbe valé kiju-
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of renewable

szénhidrdtban gazdag novények,
példdul kukorica vagy cukorndd. /

plants that are rich in carbohydrate,
such as corn or sugar cane.

névények, amelyek nem
alkalmasak élelmiszer- vagy
takarmdny elédllitdsdra. /

plants that are not eligible
for food or feed production.

A biopolimerek a megujulé
széles skdldjdabdl elédllithatéak /
Bio-based plastics are made from a wide range
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o

1. ABRA: A BIOPOLIMEREK A MEGUJULO NYERSANYAGOK SZELES SKALAJABOL ELOALLITHATOAK /
FIGURE 1: BIO-BASED PLASTICS ARE MADE FROM A WIDE RANGE OF RENEWABLE BIO-BASED FEEDSTOCKS

FORRAS / SOURCE: EUROPEAN BIOPLASTICS

tdsa ezen tulajdonsagai kapcsadn minima-
lis kockazattal jar az él6vilagra, de tekint-
sik meg most akkor az allitasban szerep-
16, csak ipari komposztban bonthatd bio-
polimereket, mint példaul a PLA-t is. Ha
egy PLA-bdI készult termék kijut a termé-
szetbe (pl. mezére), az egyrészt minden-
képpen roévidebb idé alatt bomlik el,
mint egy hagyomanyos mlanyag termék
(aminek széteséséhez tdbb sz4z év szik-
séges), még akkor is, hogyha a feltételek
nem idedlisak, azaz nem &ll fenn kom-
posztalasi kortlmeény. Ha egy bomlas alatt
all6 és elaprézodo PLA termék darabka-
jat egy allat vagy akar az ember lenyeli,
akkor szerencsés esetben a PLA darabka
adtmegy az emésztdérendszeren és tavozik
a szervezetbdl Ugy, hogy abban sem fizi-
kai, sem pedig fizioldgiai, mikodésbel
kart nem okoz. Fontos belatnunk, hogy
a PLA bomldsa erésen savas kdrnyezet-
ben szintén felgyorsul (még ha nincs is
meg az 50-60°C), fgy a lenyelt PLA da-
rabka varhatdan részlegesen emésztve,
bizonyos mértékben tovabb aprézdédva
jut &t a szervezeten. Nyilvan, abban az
esetben, ha egy eml&s csak és kizérolag
PLA biopolimer termékeket enne nagy
mennyiségben (amelyet egyébként nem
éreznek taplaléknak), akkor vérhatdan el-
tdmddne az emésztérendszere.

- A biopolimerek a bomlasuk soran a kor-

nyezetre artalmas anyagokra bomlanak.
A biopolimerek, mivel szénbdl, hidrogén-
bél és oxigénbdl alinak, igy a bomlasuk
soran vizre, és szén-dioxidra bomlanak,
sOt, az égetésik esetén is ezen anyagok

képzédnek. Ahogy kordbban is volt rola
526, a bomlds/égetés sordn képzédd szén-
dioxid pedig egy megkotott szén-dioxid,
amit a biopolimer létrehozéséara felhasz-
nalt glikoz fotoszintézisével kotott meg
az adott névény, igy nem noveli a 1égkor
8sszes szén-dioxid tartalmat.

- Ha csak részleges egy biopolimer ter-
mék bomlasa, akkor az elaprézédott
mikroszkopikus darabkak visszajut-
nak az emberi vagy allati taplalék-
lancba, ami gondot okoz.

Nyilvdn nem nulla a valészinlsége annak

a lehetéségnek, hogy egy biopolimer ter-

méket a kordbban emlitett otféle artal-

matlanitasi modszer egyikével sem dol-
goznak fel, hanem az kijut a természetbe,
ahol bomlani kezd, de az idedlis lebomlasi

kortlmények hidnydban (komposzt) ez a

bomlds joval lassabb lesz, igy sokdig az el-

aprézodas és részleges bomlas allapotaban
lehet. Természetesen a bomlas sordn apro
darabok valnak le a biopolimer termékbdl,
amelyek mikroszkopikus szemcsék forméa-
jaban akar visszajuthatnak az emberi tapla-
lékldncba. Ez a hagyomanyos manyagok

esetében id&szerd és valds probléma, mi-

vel azokat az emberi szervezet egyik részrél

nem tudja feldolgozni, mésik részrél pedig
idegen anyagnak tekinti. Ezzel szemben

a biopolimerek mikroszkopikus szemcséi,

még ha el is jutnak az emberi taplaléklanc-

ba, azért nem fognak gondot okozni, mert
az emberi szervezet azokat részben vagy
egészben meg fogja emészteni, és amely
emésztés soran az emberi szervezetre nem
karos anyagok jonnek létre (pl. tejsav, viz).
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— As biopolymers can degrade in industrial
composters, when they re-enter nature
they can block the digestive systems of
animals, just like plastics.

As mentioned above, there are biopolymers

that can be degraded in household compost-

ers and there are also water soluble, easily
degradable biopolymers that, once returned
to nature, pose only a minimal risk to ani-
mals due to their properties. However, now
let us examine biopolymers that degrade in
industrial composters, like those in the de-
scription such as PLA. If a product made from
PLA enters a natural environment (e.g. a
field), on the one hand it will degrade faster
than traditional plastic-based products (whose
disintegration takes hundreds of years), even
if the conditions are not ideal — that is, the
conditions are not suitable for composting.
If a disintegrating, degrading PLA product
particle is swallowed by an animal or a hu-
man, in the ideal situation the PLA particle
will go through the digestive system and
leave the body without causing any physical
or physiological damage to organs. It is also
important to know that the degradation of

PLA accelerates in strongly acidic conditions

(even if the temperature is under 50-60°C), so

a swallowed PLA particle may be expected to

pass through the body in half-digested form,

or in some cases be broken into even smaller
particles. Obviously, if a mammal only ate

PLA biopolymer products in large amounts

(by accident, perceiving them as food), the

digestion system could become blocked.

— During their degradation, biopolymers
disintegrate into matter that is harmful
to the environment.

Biopolymers contain carbon, hydrogen, and oxy-
gen, thus during their degradation they decompose
into water and carbon dioxide, and these materials
are produced when they are incinerated. As men-
tioned above, the carbon dioxide produced dur-
ing incineration is bound carbon dioxide, which
specific plants fix through the process of the pho-
tosynthesis of the glucose used in the production
of the biopolymer, thus it does not increase the
total carbon dioxide level of the atmosphere.

— If the degradation of biopolymers is only
partial, the tiny, microscopic, broken
pieces that remain will re-enter the food
chain of humans and animals, which can
cause problems.

Obviously it may occur that a biopolymer product
is not properly treated using any of the five means
of elimination. Instead, it may end up in nature,
where it starts degrading — however, without the
ideal conditions for degradation (composting),
this process is much slower and, as a result, it may
remain in a broken or partly degraded condition
for quite a long time. Naturally, during the process
of decomposition tiny particles may split off the
biopolymer product, and these microscopic
particles may even re-enter the food chain. In
the case of traditional plastics this problem is a
valid one, as on the one hand the human body
cannot digest them, and on the other the particles
represent foreign bodies to it. The microscopic
particles of biopolymers, however, even if they re-
enter the human food chain, will not cause any
problems as the human body can at least partially
digest them, and during the digestion process the
matter that is produced is not harmful to the hu-
man body (e.g. as lactic acid, or water).
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—As biopolymers can presently be pro-
duced from materials originally meant
for consumption as food (e.g. wheat,
corn, or sugar), if large amounts of bio-
polymers are produced, there will not be
any left for use as food.

It is true that biopolymers are currently pro-
duced from raw materials that can also be
used to create food products, but the state-
ment that there will not be any food left if
a lot of biopolymers are produced is quite
an exaggeration. Let us examine the reality
of the situation. First of all, let us see what
production capacity we now have available.
Concerning PLA biopolymer, in 2018 capac-
ity was around 220,000 tons. Based on fore-
casts, this figure may dynamically increase
by 2023 to as much as 430,000 tons (annual
production). Currently, PLA is mostly pro-
duced from wheat, corn, or sugar beet due to
their starch/sugar content. In 2018, a total of
5.2 million tons, 8 million tons, and 1 mil-
lion tons of these products were used to make
PLA, respectively. This means that, in Hunga-
ry alone, if all the related produce were used
to make PLA, a little over 4 million tons of
PLA could be manufactured. What is more,
by 2023 the estimated 430,000 tons of PLA
that will be produced around the world
could be produced using only 11 percent of
Hungarian wheat and corn produce. Another
argument for their use is that by decreasing
the amount of food unnecessarily produced
and wasted by consumer society, and with a
little bit of extra care, a significant amount
of crops could be saved and used to produce
biopolymers, rather than ending up wasted.
A further argument that supports the author’s
opinion is that from crops and sugar we
mostly produce goods that are consumed for
pleasure, like spirits or soft drinks, and cakes
with high sugar levels. If their consumption
were decreased, people could lead healthier
lifestyles and the materials thus saved could
be used to produce biopolymers. Finally, the
main supporting argument is that, in con-
trast to the claim presented above, scientists
worldwide are working to produce biopol-
ymers from by-products (e.g. different plant
fibers like corn stalks) rather than materials
that can also be used as food.

— Only packaging materials can be pro-
duced from biopolymers — they cannot
replace other products.

Since nowadays most biopolymer products are

used in packaging technologies, it might be

concluded that these materials can only be
used for this purpose. PLA is again a good
example, as at under 50-60°C degrees it is

a stable polymer and has mechanical prop-

erties similar to technical plastics (65 MPa

solidity, 3 GPa elastic modulus), thus it may
play a role in long-duration engineering ap-
plications. In relation to these func-tions it
can be utilized in covers for electronic goods,
car industry products (e.g. air filter boxes)
medical-technical products (absorbable im-
plants), and in 3D printing (so-called FDM,
or Fused Deposition Modelling, a printing line
used in FDM technology). There is no need to
worry about the fact that most biopolymers are
bio-degradable because, as mentioned above,
they do not degrade ‘by themselves, and,
thanks to their mechanical properties, they may
even be used to produce technical components.
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- Mivel jelenleg élelmiszernek szant anyagok-
bdl (buza, kukorica, cukor) lehet biopoli-
mereket gyartani, igy ha biopolimerekbdl
nagy mennyiséget allitunk el6, akkor nem
marad alapanyagunk élelmiszerre.

Valéban: a biopolimerek gydrtasara jelenleg

olyan alapanyagokat hasznalnak, amelyekbdl

egyébként élelmiszert is lehet késziteni, de
az, hogy nem marad élelmiszertink, ha sok
biopolimert gyartunk, az egy tulzé éllitas.

Nézzik meg, hogy ennek az llitdsnak az élét

mivel tudjuk tompitani. EI¢szor is tekintsdk

4t a jelenlegi gyartékapacitast, amely a PLA

biopolimert tekintve 2018-ban kozel 220.000

tonna volt. Az elérejelzések szerint 2023-ra

ez dinamikusan néhet akdr 430.000 tonna-
ra (éves gyartas). PLA létrehozasara jelenleg
leginkdbb buzat, kukoricat vagy cukorrépat
lehet alkalmazni a keményité/cukor tar-
talmuk miatt, amelyekbdl Magyarorszagon
rendre 5.2 milli¢ tonna, 8 millié tonna, vala-
mint 1 millié tonna volt a termés 2018-ban.

Ebbdl minddsszesen kerekitve kicsit tobb

mint 4 millié tonna PLA lenne létrehozhatd

pusztan csak Magyarorszagon, ha az dsszes
termést mind PLA gyartasra forditanank.

S6t a 2023-ra elbrejelzett 430.000 tonna PLA

8sszes vildgtermelés létrehozasa is megold-

haté lenne pusztdn csak a magyarorszagi
buza és kukoricatermés 11%-abol. Tovabbi
érvként hozhato fel, hogy a fogyasztoi tar-
sadalom okozta jelentés mennyiségU feles-
legesen létrehozott és kidobott élelmiszer
mennyiségének csokkentésével és egy kis
odafigyeléssel valoszinlileg megspodrolhatd
lenne az a gabona mennyiség, amely ez-
utdn mar nem a szemétben végezné, ha-
nem biopolimer gyértasra fordithaté lenne.

Ismét egy tovabbi érv —ami inkdbb a szerzé

maganvélemeényét tikrozi —, hogy a mai vi-

ldgunkban mind a gabondbdl, mind pedig

Kdszénetnyilvdnitds
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szdmu Uj Nemzeti Kivdlésdg Programjd-
nak a Nemzeti Kutatdsi, Fejlesztési és Inno-
vdciés Alapbdl finanszirozott szakmai td-
mogatdsdval készilt. A munkdt a Nemzeti
Kutatdsi, Fejlesztési és Innovdcids Hivatal
(NKFIH) OTKA (FK134336) pdlydzata tdmo-
gatta. A cikk a Magyar Tudomdnyos Aka-
démia Magyarorszdg-Olaszorszdg kétolda-
It mobilitds pdlydzatdnak keretein beltil ké-
sztilt (NKM2018-42).
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a cukorbdl olyan pusztan csak élvezeti ter-
mékeket hozunk létre, mint az égetett sze-
szek vagy magas cukortartalmu uditék, stte-
mények, amelyek fogyasztdsanak mérséklése
nem csak egészségesebb életvitelhez vezet-
het, de az itt megsporolt anyagokbdl szintén
biopolimert lehetne gyartani. Végul pedig a
f6 érv, amivel drnyalhatjuk a bekezdés elején
szerepld allitast az az, hogy természetesen a
kutatdk vildgszerte dolgoznak azon, hogy
ajovében a biopolimereket ne élelmiszernek
is felhasznalhatd anyagokbdl, hanem mellék-
termékekbd! (pl. kulonbdzé ndvényi rostok
mint a kukoricaszar) is Iétre lehessen hozni.

- A biopolimerekbél csak csomagolas
gyarthato, de mas terméket nem tu-
dunk kivaltani velik.

Mivel jelenleg biopolimer termékekkel leg-

inkdbb csomagolastechnikai alkalmazasok-

ban taldlkozhatunk, igy azt gondolhatnank,
hogy ezek az anyagok csak ilyen célra hasz-
nélhatdak. Ismét a PLA-t hoznam fel példa-
nak, amely amellett, hogy 50-60°C alatt egy
stabil polimer, mUszaki méanyagokhoz ha-
sonld mechanikai tulajdonsagokkal rendel-
kezik (65 MPa szilardsag, 3 GPa rugalmasségi
modulusz), igy hosszUtavy, mérmnoki alkal-
mazasokban is teret hodithat. llyen alkalma-
zasok lehetnek elektronikai cikkek burkolata,
autdipari termékek (pl. légszUiré doboz), or-
vostechnikai termékek (felszivodd implanta-
tum), vagy éppen a 3D nyomtatds (Ugyne-
vezett dmledékrétegezésnél, azaz FDM tech-
noldgidnadl alkalmazott nyomtatdszal). Nem
kell tartani attél, hogy a legtobb biopolimer
egyben bioldgiai uton lebonthatd, mert
ahogy kordbban volt réla sz6, nem fog ma-
gatéllebomlani és mechanikai tulajdonsagai
alapjan érdemes arra, hogy mdszaki alkatré-
szeket dllitsunk beléle el6. m
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SZENT ISTVAN EGYETEM

ikkiinkben a Koppenhagai Egye-
Ctem Noévény és Kornyezettudo-

manyi Tanszékén készitett 0sszeg-
z6 tanulmany eredményeit mutatjuk be,
amelybdl 4tfogd képet kaphatunk arrdl,
miként értékelik Danidban a szennyviz-
iszapok és a sertés, valamint szarvasmar-
ha higtragydk jelentéségét és az alkalma-
zasukkal jaré kockazatokat.

A tanulmany héattere - dan korkép
2017 aprilisdban az Okoldgiai Agazat Fej-
leszté Munkacsoport jelentést tett kozzé
25 ajanldssal a kornyezetvédelmi és élel-
miszerlgyi miniszter szamara. Ezek kodzott
szerepelt egy ajanlas, amelyben — a tap-
anyag korforgas jegyében — lehetdséget
kell biztositani az 6koldgiai gazdalkoddk-
nak a tisztitott haztartasi szennyvizbdl szar-
mazé tdpanyagok hasznositasara.

A tisztitott szennyvizbdl szarmazé tép-
anyagok jovébeni felhasznalasanak eléfel-
tétele, hogy teljesllienek a vellk szemben
tadmasztott mindségi kdvetelmeények, alkal-
mazasuk pedig indokolhato és elfogadha-
té legyen a fogyasztok szamara.

SZENNYVIiZISZAP

SEWAGE SLUDGE

Szennyviziszap,
sertes- s szarvasmarha higtragya

mezogazdasagi

felhasznalasanak
kockazathecslése

SzUkségessé Vvalt egy olyan tudoma-
nyos attekintés, amely a tisztitott telepi-
lési szennyvizbdl szdrmazd tapanyagok
felhasznélasat egyéb, engedélyezett tap-
anyagforrasokkal — pl. hagyomanyos éllati
tragyakkal — dsszevetve vizsgélja. A szenny-
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viziszapok és a hagyomanyos tragyak fel-
hasznaldséra, és azok potencialis kockéza-
tanak felmérésére vonatkozd dsszehasonli-
té vizsgalat hasznos informéciokat szolgél-
tathat a dontéshozok szamdra az dkologiai
gazdalkodas jovébeni szabalyozasaban.
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Dr. Miklés Gulyds — Szent Istvan University

Assessment of risks
related to agricul-
tural use of sewage
sludge, and pig
and cattle slurry

In this article we introduce the findings of a
summarizing study carried out at the Depart-
ment of Plant and Environmental Sciences,
University of Copenhagen. The study provides
a general picture of how the significance and
risks of the use of sewage sludge, and pig and
cattle slurry are evaluated in Denmark.

Background of the study — Danish overview
In April 2017, the Organic Business Develop-
ment Team released a report with 25 recom-
mendations for the Danish Minister of Envi-
ronment and Food. Among these was a recom-
mendation that organic farmers should have the
opportunity to utilize nutrients from treated
domestic wastewater for nutrient recycling.
Prerequisites for the future use of nutrients from
treated wastewater is that quality requirements
are met, and that the application of the former
can be explained to and accepted by consumers.
A need has arisen for a scientific overview of
the risks of using nutrients from treated mu-
nicipal wastewater in relation to those of other
authorized fertilizer sources — e.g. conventional
animal manures. It was assumed that a com-
parative approach to assessing the potential
risk of using sewage sludge and conventional
manures could usefully inform decision makers
in relation to the future regulation of organic
farming systems.

Based on the literature, this report aims to cre-
ate an overview of the environmental and hu-
man risks associated with the application of pig
and cattle slurry, as well as sewage sludge, to
agricultural soils. The risk evaluation was per-
formed for the following compound groups:

* Metals

* Chlorophenyls

* Dioxins

* Furans

* Halogenated aliphatic and aromatic hydro-
carbons (HAH)

* Linear alkylbenzenesulfonates (LAS)

* Polyaromatic hydrocarbons (PAH)

* Polybrominated diphenyl ethers (PBDE)

* Polychlorinated biphenyls (PCB)

* Poly-and perfluorinated alkylated substances
(PFAS)

* Phenols

* Phosphate-triesters

* Phthalates

* Polychlorinated naphtalenes (PCN)

* Polychlorinated alkanes (PCA)

* Triclosan

* Triclocarban

* Medicines

* Estrogens

* Antibiotic resistance genes

Additionally, the fertilizer potential of the two

nutrient sources has been characterized and
compared. In Danish policy, the use of sewage
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A rendelkezésre all¢ irodalom alapjén a
jelentés atfogd képet ad a sertés- és szar-
vasmarha higtrdgya hasznalataval kapcso-
latos kornyezeti és human kockazatokrol,
valamint a szennyviziszap mezégazdasagi
talajokra gyakorolt hatdsairdl. A kockézat-
értékelést a kovetkezd szennyezdanyag
csoportokra végezték el:

« Fémek

« Klorfenilek

« Dioxinok

« Furdnok

» Halogénezett alifas és aromas szénhid-
rogének (HAH)

e Linearis alkil-benzolszulfonatok (LAS)

« Poliaromas szénhidrogének (PAH)

« Polibrémozott difenil-éterek (PBDE)

« Poliklérozott bifenilek (PCB)

« Poli- és perfluorozott alkilezett anyagok
(PFAS)

« Fenolok

« Foszfat-triészterek

« Ftaldtok

« Poliklérozott naftalinok (PCN)

« Poliklérozott alkdnok (PCA)

e Triklozan

« Triclocarban

» Gybgyszerek

« Osztrogének

 Antibiotikum rezisztencia gének

Emellett jellemezték és osszehasonli-
tottdk a két tdpanyagforras tdpanyag po-
tencidljat is.

Dénia tdmogatja a szennyviziszap, mint
tradgya felhasznalasat. A Nemzeti Eréforréds
Stratégia kimondja, hogy annyi hulladékot
kell Ujrahasznositani, amennyit csak lehet.
A 2014. évi adatok alapjén ez a szennyviz-
iszap 75 %-at jelentette.
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Tarsadalmunk fligg a szerves vegyi anya-
goktdl. A vildgon bejegyzett 50 millio ve-
gyi anyagbdl 143 ezer az eurdpai listdkon
is szerepel, mint ipari alapanyag, ezek kozul
pedig 10 ezerre tehetd a leggyakrabban fel-
hasznalt anyagok kore. Ezek egy része végul
a szennyvizbe, a tisztitdmdvekbe, majd az
anyagok tulajdonségaitdl, illetve a szenny-
viztisztitd telepek mdszaki kialakitasatol fug-
gden a szennyviziszapba kertlhetnek.

A szennyviziszap minéségére vonatkozd
meglehetdsen szigoru eléirdsokkal és ellen-
6rzéssekkel szemben az allati tragya kijutta-
tas maximdlis mennyiségét a P (foszfor) és
N (nitrogén) mennyiség hatadrozza meg. Ez
170 kg N/ha, illetve 30-43 kg P/ha értéket
jelent tragya tipustél figgden.

A gyakorlatban azonban sokkal tébb
higtragya keletkezik, mint szennyviziszap.
Az dllati trdgya nem tartalmaz olyan széles
spektrumban szerves ¢sszetevéket, mint
a szennyviziszap. A legnagyobb problé-
mat a nehézfém tartalmuk jelenti, ami
takarmany adalékokbdl és gydgyszerma-
radvényokbol szarmazik.

Potencidlisan toxikus elemek (nehéz-
fémek)

A potencidlisan toxikus elemek (PTE-k) —
vagy mas néven nehézfémek -, jelentds
kockéazatot hordoznak, mert képesek fel-
halmozodni a talajban a hulladék anyagok
hasznalataval (szennyviziszap, higtragya,
almostragya stb.) és a légkori kitlepedés
soran is. A talajban mobilizalédni azonban
csak kimosddéssal vagy novényfelvétel Ut-
jan képesek, és a szerves anyagokkal el-
lentétben nem bomlanak le. Ennélfogva
az emberek a novények elfogyasztasaval
kozvetlen veszélynek vannak kitéve pl.
kadmium (Cd) és ¢lom (Pb) esetében.
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Szamos tényezd befolydsolja ezen elemek
biolégiai aktivitasat, ezek kozul is legfon-
tosabb a talaj kémhatésa. A talaj kémha-
tdsa szabdlyozhaté rendszeres meszezés-
sel, ezdltal a kationok felvétele — igy a Cd
felvétele is — kontrolldlhato.

Egy norvég kockdzatértékelés sordn
megallapitottak, hogy a 100 éven &t tar-
té rendszeres szennyviziszap felhaszna-
I&s sordn az elddllitott élelmiszerekkel az
egy fére jutd Cd-bevitel kevesebb, mint
5%-kal ndvekszik, ami elfogadhaténak te-
kinthetd. Eurépaban az emisszids kibo-
csatasok ellenérzésével és a technologi-
ai fejlédésnek koszonhetéen az elmult 2
évtizedben jelentdsen csokkent a higany
(Hg), az 6lom (Pb) és a kadmium (Cd) ki-
bocsatds. Mindezeket figyelembe véve
egy tanulmany szerint a talaj kadmium-
tartalmanak 100 év alatt 14%-kal kellene
csokkennie, szennyviziszap alkalmazasa-
val a legmagasabb megengedett kadmi-
um koncentracié mellett.

Allat-, és human gyégyszermaradvanyok
Az allatgyogyaszati készitmények enge-
délyeztetésénél a tragyakbol vagy szenny-
viziszapokbdl a névényekbe kertlé gyogy-
szermaradvéanyokat, és a novényifelvétel-
b6l adodo potencidlis human kitettséget
nem veszik figyelembe. Az antibiotiku-
mok kivételével szinte ismeretlen ezek-
nek a készitményeknek a sorsa a kérnye-
zetbe kerlilve, becslésre a human gydgya-
szatbol szérmazd ismereteket lehet fel-
hasznélni. A Norvégidban forgalmazott
1414 human gyogyszer alapanyag kozul
csupdn 14 esetben becslltek hatarérték
tullépést szennyviziszap alkalmazast ko-
vetéen. A gydgyszermaradvanyok talaj-
ban mért koncentraciéi alacsonyak vol-

-

tak, igy alacsony kockdzatunak soroltak
azt a taplaléklanc és a fogyasztok oldala-
rol. A vizsgaélat a kisgyermekekre is kitért.
A napi 0,2 g szennyviziszappal kevert ta-
laj bevitelével is valdszinttlennek tartot-
tak, hogy az veszélyt jelentene a gyer-
mekek szamara. Bar az allati tragyak ese-
tében az allatgydgyaszati készitmények-
kel kapcsolatban nem all rendelkezésre
elegendé adat, azonban megéllapitot-
tak, hogy a szennyviziszapokban taldlha-
té dllati és human gydgyszermaradva-
nyok alacsony kockazatot jelentenek az
emberek szdméara.

Antibiotikum rezisztencia terjedés
Az antibiotikum rezisztencia a kézegész-
ségligy egyik legnagyobb kihivasa. Rend-
kivil sokféle antibiotikum-rezisztencia gén
(ARG) és mas rezisztenciat meghatarozd
tényezd (példadul a mobil genetikai ele-
mek, amelyek képesek az ARG-k nem pa-
togén baktériumokbdl patogén baktéri-
umokba torténd atvitelére) ismert a talaj
baktérium kozosségeiben, még a termé-
szetes talajokban is. Ezért a mezégazdasa-
gi talajok az Uj antibiotikum-rezisztencia-
mechanizmusok gazdag forrasai.
Feltételezhetd, hogy az allati tragyak és
a szennyviziszapok a mezdgazdasagi ta-
lajok & kulsé ARG-forrésai, de ezen forra-
sok relativ jelentéségérél nem végeztek
szisztematikus 6sszehasonlitd vizsgalato-
kat. Az irodalomban rendelkezésre 4ll6
adatok azt mutatjak, hogy az antibiotiku-
mokkal szembeni rezisztencia terjeszté-
sében a szennyviziszap kijuttatdsa nem
jelent nagyobb kockézatot, mint az 4llati
trdgya alkalmazésa, azonban az emberi
egészségre vonatkozd kvantitativ értéke-
léshez hidnyosak az ismeretek.
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sludge as fertilizer is favored. The national re-
sources strategy states that as much waste as pos-
sible must be recycled. According to data from
2014, around 75% of sewage sludge was re-
cycled to agriculture.

Our society depends on a large range of organic
chemicals. Of the 50 million registered chemi-
cals, approximately 143,000 are registered on
European lists for industrial use. Chemicals that
are commonly used may be counted in the tens
of thousands. Some of these will ultimately enter
our wastewater treatment plants, and, depend-
ing on the intrinsic properties of the substances
and the technical specification of the wastewater
treatment plants, may end up in sewage sludge.
In contrast to the rather strict regulations and
control of sewage sludge quality, the application
of manure is regulated through the national
maximum P (phosphorous) and N (nitrogen)
application rates. These are set to 170 kg N/ha
and 30-43 kg P/ha, respectively, depending on
the type of manure that is used.

In practice, the amount of animal slurry that is
produced is much greater than the amount of
sewage sludge. Animal slurry does contain a nar-
rower scope of organic compounds than sew-
age sludge. The most problematic issue is their
heavy metal content, derived from feed addi-
tives and pharmaceutical residues.

Potentially toxic elements (heavy metals)
Potentially toxic elements (PTEs) (also called heavy
metals) are of major concern since they tend to ac-
cumulate in soils due to the application of waste
materials (e.g. sewage sludge, slurry, and livestock
manure), but also to atmospheric deposition. They
are only removed through leaching or plant up-
take, and, unlike organic substances, they are not
degraded. Therefore, humans may be exposed to
PTEs through the direct ingestion of plant mate-
rial — e.g. in the case of Cadmium (Cd) and Lead
(Pb). A number of factors influence the biological
activity of PTEs, the most important of which is
soil pH. By controlling soil pH through occasional
liming, the plant uptake of cationic PTEs, and
most importantly, of Cd, may be managed.

In a Norwegian risk assessment of sewage sludge,
it was estimated that food produced from soil
amended with sludge for 100 years would increase
Cd intake per capita by less than 5% relative to the
baseline, and this was deemed acceptable. Due to
the great improvements in technologies for deal-
ing with emissions related to processes, substantial
declines in emissions of Hg (Mercury), Pb, and
Cd have taken place in Europe over the last two
decades. According to one study, soil Cd concen-
trations should have decreased by around 14% in
100 years’ time due to the maximum permitted
level of Cd in sewage sludge.

Residues from veterinary and human medicine
Potential human exposure from the transmis-
sion of veterinary medicinal products via manure
or sewage sludge into crops is not considered in
the approval process for veterinary medicines.
As there is almost no investigation of the trans-
mission of veterinary drugs into food, except for
antibiotics, current knowledge about the transfer
of human medicine must be used. A Norwegian
study assessed all 1414 human drug substances
marketed in Norway. Of these, only 14 were esti-
mated to exceed the threshold values after sludge
application. The estimated soil concentrations of
drug substances were low, thus it was considered
that these constitute a low risk to the food chain
and consumers. The study dealt with potential
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impacts on children as well. Assuming an intake
of 0.2 g soil per day, it was considered unlikely
that the consumption of soil mixture with added
sewage sludge would pose any risk to children’s
health. Although there is a lack of data regarding
veterinary medicine in animal slurry, it was found
that animal and veterinary medicines in sewage
sludge pose a low risk to humans.

Propagation of antibiotic resistance
Antibiotic resistance constitutes a major chal-
lenge to public health. Soil bacterial communi-
ties even in natural soils are known to harbor an
extremely diverse collection of antibiotic resistant
genes (ARGs) and other resistance determinants
such as mobile genetic elements capable of trans-
ferring ARGs from non-pathogenic bacteria to
pathogenic bacteria. Hence, agricultural soils
constitute a rich source of novel antibiotic resis-
tance components.

Animal manure and sewage sludge are thought
to comprise the major external sources of ARGs
in agricultural soils, but no systematic compara-
tive studies of the relative importance of these
sources have been carried out. The evidence that
is available from the literature indicates that the
application of sewage sludge does not represent a
greater risk than the application of animal manure
with regard to antibiotic resistance on farmland.
However, we still have a limited understanding in
terms of qualitative assessments of human health.

Risk characterizations — cattle and pig slurry
With respect to cattle and pig slurry, the main risk
factors are metal compounds — more specifically,
zinc and copper. Both metals are used as additives
in animal feed and medicines, and, in accordance,
zinc and copper accounted for more than 50 %
and 90 % of the total risk in cattle and pig slurry,
respectively. The use of pig slurry is estimated to
increase natural background concentrations of
zinc and copper by approximately 7% (5%) per
year. From 2022, new regulations will prohibit
the use of Zn additives in pig feed, which will
reduce the amount of Zn added to agricultural
fields, and hence finally reduce the risk of Zn-
induced toxicity. Similarly, Cu will be regulated
from 2019 onwards. The remaining metals and
organic contaminants did not contribute signifi-
cantly to risk. However, the cumulated risk of or-
ganic contaminants (mainly phenols and PAHs),
pharmaceutical residues (mainly sulfatroxazole)
and estrogens may pose a low risk to the soil envi-
ronment. It should be noted that slurry from far-
rowing pigs might however result in soil estrogen
concentrations above the PNEC.

Risk characterizations — sewage sludge

For sewage sludge, the main risk contributors were
the organic chemicals. Estimations of the cumula-
tive risk after 1-10 years of applications showed
that organic chemicals accounted for more than
90 %, and after 100 years for approximately 70-
80 %. The compounds posing the highest risk in
decreasing order are di-n-octylphathalate (DOP)
> triclocarban > di(2-ethylhexyl)adipate (DHEA)
> nonylphenol-diethoxylate (NP2EO) > tricre-
sylphosphate > triclosan > nonylphenol-monoe-
thoxylate (NP1EO) PCA (C14-17) > phenol >
PBDE 99. Phthalate toxicity in soils has not been
investigated yet. Previous studies have shown the
low toxicity of DOP to soil microorganisms (no
significant impact of concentrations up to 500
mg/kg), but information about the soil toxicity
of DOP and DHEA to invertebrates and other
soil macro-organisms is lacking in the literature.
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Kockdazatok jellemzése - szarvasmarha
és sertés higtragya

A szarvasmarha- és sertéshigtragya szem-
pontjabol a fé kockdzatot a fémvegydle-
tek jelentik, pontosabban a cink és a réz.
Mindkét fémet adalékként hasznaljak az
allati takarmanyokban és a gydgyszerek-
ben, igy ennek megfeleléen a cink és a réz
a szarvasmarhdk és sertések higtragyaja-
nak &sszesftett kockazatdnak tobb mint
50% -at, illetve 90% -at tette ki. Becslések
szerint a sertéshigtragya felhasznélasa ko-
rilbelll évi 7, illetve 5% -kal noveli a cink
és a réz természetes hattér koncentracio-
jat. 2022-t8l az Uj EU-s szabalyozas meg-
tiltja a cink adalékanyagok sertéstakarma-
nyokban torténd felhasznalasat, ami csok-
kenti a mez6égazdasagi teriletekre kerllé
cink mennyiségét, és ezaltal végil csok-
kenti a cink altal kivaltott toxicitas kockaza-
tat. A réztartalmat hasonléképpen szaba-
lyoztak, mar 2019-t6l kezdédden. A fenn-
maradd fémek és szerves szennyezék nem
jarultak hozzd jelentdsen a kockédzatokhoz.
A szerves szennyez6dések (f6leg fenolok
és PAH-ok), a gydgyszermaradvanyok (f6-
leg a szulfatroxazol) és az Osztrogének
kumulalt kockazata szarvasmarha- és ser-
téshigtragyanal alacsony kockézatot jelent
a talajra. Meg kell azonban jegyezni, hogy
a sertés szaporitasbol szarmazo tragyat al-
kalmazva a talaj dsztrogén-koncentracio-
ja meghaladhatja a becsdlt hatésmentes
koncentracio (PNEC) értékét.

Kockazatok jellemzése - szennyviziszap
A szennyviziszap esetében a fé kockazati
tényezdk a szerves szennyezdanyagok vol-
tak. A becslésekkor 1-10 évig tarté alkal-
mazas utdn a szerves szennyez&anyagok
az dsszesftett kockazat tdbb mint 90% -at,
100 év utan korulbelul 70-80% -4t tették
ki a szennyezé anyagoknak. Csokkend sor-
rendben a legnagyobb kockazatot jelen-
té vegylletek a di-n-oktilfathaldt (DOP) >
triklokarban > di (2-etilhexil) adipat (DHEA)
> nonilfenol-dietoxilat (NP2EO) > trikre-
zilfoszfat > triklozdn > nonilfenolmono-
etoxilat (NPTEQO) PCA (C14-17) > fenol >
PBDE 99. A ftalat toxicitasat a talajban
még nem vizsgaltdk. Kordbbi vizsgalatok
kimutattak, hogy a DOP alacsony toxici-
tassal rendelkezik a talaj mikroorganizmu-
saira nézve (az 500 mg/kg-ig terjedd kon-
centracioknak nincs jelentés hatdsa), de
a DOP és DHEA talaj toxicitasara vonatko-
z6 informdcioi kozil a gerinctelenekre és
a talajban él6 makroorganizmusokra vo-
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natkozoé hatdsok hidnyoznak az irodalom-
bol. A fémes elemek kozil a szamitott koc-
kdzat csaknem felét a cink tette ki. 100 éves
alkalmazés utan a talaj cink koncentrécio-
ja becslések szerint korulbeldl tizszer ala-
csonyabb szennyviziszap esetében, mint
a sertéstradgya alkalmazasakor. A talaj fém
hattér koncentracidja a becslések szerint
évente kevesebb, mint 1%-kal né a szenny-
viziszap alkalmazasanak eredményeként.
Dénidban a talajjavitdshoz hasznélt szenny-
viziszapban a fémvegyuletek koncentréci-
6jat szigortan szabdlyozzak és ellenérzik.
Az eredmények alapjan a szennyviziszap-
bol szarmazo fémeket Ugy értékelték, hogy
alacsony kockézatot jelentenek a talajra.
A gyodgyszermaradvanyok és dsztrogénve-
gylletek alacsony kockdzatot jelentenek
a talajban él¢ szervezetekre, bar ez a koc-
kazatértékelés meglehetésen bizonytalan
az ismeretek hidnya miatt.

Tapanyag potencial értékelése

A tédpanyagtartalom és hasznositas szem-
pontjdbol a higtrdgya alapu rendsze-
rek jobbak, hiszen a higtragya kezelési
technoldgidkat részben a tdpanyagok
Ujrahasznositasara tervezték, még akkor
is, ha szamolni kell gédznemU nitrogén
veszteségekkel. Ezzel szemben a kordbbi
szennyviztisztitasi technoldgidk arra éptil-
tek, hogy a szennyvizben Iévé nem kiva-
natos anyagokat gazdasagi és kornyezet-
védelmi szempontbdl elfogadhaté mo-
don tévolitsuk el. Az elmult években tor-
tént fejlesztések eredményeként nagyobb
mennyiségl foszfor kertl az Gzemek-
ben visszatartdsra. Az allati tragydk N:P:K
aranya ugyanakkor kiegyensulyozottabb,
kozelebb &ll a novényi igényekhez, mig
a szennyviziszap tul sok foszfort tartalmaz.
A szennyviziszapban taldlhatd nitrogén
elsésorban nem felvehetd szerves vegyu-
letekben taldlhatd meg, ennek kevesebb
mint a fele mineralizalodik és valik felve-
hetévé a novények szémara.

A tudasbeli hianyossagok kezelése

A Koppenhagai Egyetemen létrehozott, in-
tegralt hosszu tavu kisérletben kilonbozd
tipusU hulladékokat és dllati tragydkat al-
kalmaznak magas vagy akdr tulzott mér-
tékben, hogy tesztelni tudjak azt, veszélyt
jelentenek-e az 6koszisztémara. Szamos ta-
nulmany jelent meg mar innen és vannak
olyan elézetes tanulmanyok is, amelyek arra
utalnak, hogy a szennyviziszap nem akada-
lyozza a gilisztak és egyéb talajfauna alkotok



sokféleségét és a szaporodasat. A szennyviz-
iszappal kezelt parcelldkon ez az ardny ma-
gas, és eddig sok egyéb talajtermékenysé-
get kedvezéen befolydsold tulajdonsdgot
taldltak ezekben a parcelldkban.

Kovetkeztetések

A kutatdsok eddigi eredményei alapjan
a szennyviziszap nem jelent nagyobb koc-
kazatot az antibiotikum-rezisztencia terje-
désében és tovabbadasaban, mint az élla-
ti trdgya. Jelenleg nem lehet szamszerUsi-
teni a talajban az antibiotikumokkal szem-
beni rezisztenciaval 6sszefliggd emberi e-
gészségre gyakorolt kockazatokat, de azt
tartjak a legvaldszinlibbnek, hogy mas at-
viteli utak magasabb human egészséglgyi
kockazattal jarhatnak. Valdszinltlennek tart-
jak, hogy a sertés- és szarvasmarha hig-
trdgyadban taldlhaté éllatgydgyaszati szer-
maradvanyok aggodalomra adnanak okot
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az emberi egészség szempontjabdl, és arra
a kovetkeztetésre jutottak, hogy a szenny-
viziszapban talalhaté allat- és human gyo-
gyaszati szermaradvanyok alacsony kocka-
zattal rendelkeznek.

A kulonbozd vegylletek jelenléte az al-
lati higtragydban és az iszapban csak na-
gyon kis atfedést mutat, igy az allati tra-
gya és a szennyviziszap kumulativ kocka-
zatanak kozvetlen 6sszehasonlitdsa kissé
nehézkes. Osszességében arra a megalla-
pitasra jutottak, hogy a mai dén tarsada-
lom szennyviziszapja nem jelent nagyobb
kockazatot a talaj organizmusaira vagy az
emberi egészségre, mint a szarvasmarha
vagy sertés higtragya. m

A teljes tanulmdny itt érhetd el: / The full study
is available here:

https//orbit.dtu.dk/en/publications/assessment-of-
risks-related-to-agricultural-use-of-sewage-sludge-
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Among metal compounds, zinc accounted for
close to half of the calculated risk. The resulting
soil zinc concentrations after 100 years of applica-
tion were estimated to be approximately ten times
lower for sewage sludge than for pig slurry. The
natural soil background metal concentration was
estimated to increase by less than 1 % per year as
a result of the application of sewage sludge. The
concentration of metal compounds in Danish
sewage sludge to be used for soil amendment is
closely regulated and monitored. Based on the
present results, metals from sewage sludge were
evaluated to pose a low risk to the soil environ-
ment. The risk evaluation of medical compounds
and estrogens in sludge was, however, rendered
uncertain due to the lack of knowledge.

Assessment of fertilizer potential
Slurry-based animal husbandry systems are
generally well developed in terms of conserving
nutrients for recycling since they have been par-
tially developed with the aim of recycling. How-
ever, some loss of gaseous nitrogen is inevitable.
In contrast, our sewage treatment systems have
been developed with the aim of getting rid of
unwanted substances in wastewater in a way that
is acceptable in terms of the economic and en-
vironmental cost. In recent years, sewage treat-
ment plants have been developed to specifically
retain phosphorous. Thus, compared to sewage
sludge, the N:P:K ratios of animal slurries are
much more appropriate in terms of the balanced
nutrition of crops, whereas sewage sludge will
have far too much P. Nitrogen in sewage sludge
is primarily found in non-available organic com-
pounds, of which less than half are mineralized
and can be absorbed by plants.

Addressing knowledge gaps

An integrated long-term experiment was devel-
oped and conducted at the University of Copen-
hagen, in which different types of waste and ani-
mal fertilizer were applied in high or even excessive
amounts to test if they posed a threat to ecosys-
tems. A number of studies have emerged from
this facility, and there are also preliminary studies
indicating that — for instance — sewage sludge does
not impair the health and reproduction of, for ex-
ample, earthworms and other soil fauna. Indeed,
these studies indicate that diversity and reproduc-
tion rates are high in the sewage-sludge-treated
plots, and so far many other fertility-related ben-
efits have been identified at these plots.

Conclusions

Based on the findings of research, sewage sludge
does not represent a higher risk than animal ma-
nure in relation to the propagation and transmis-
sion of antibiotic resistance. It is not presently pos-
sible to quantify the human health risk associated
with antibiotic resistance in soil, but we consider
it most likely that other transmission pathways are
associated with a higher risk to human health. It is
considered unlikely that the veterinary medicinal
residues in pig and cattle slurry are of concern in
terms of human health, and it is concluded that
veterinary and human pharmaceutical residues in
sewage sludge are of low concern.

The presence of compounds in animal slurry and
sludge show very little overlap, making a direct
comparison of the cumulative risk of animal
fertilizer and sewage sludge somewhat difficult.
Opverall, it is concluded that the sewage sludge
derived from contemporary Danish society does
not constitute a higher risk to soil organisms or
human health than cattle or pig slurry.
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UJ ONJARO ELEKTROMOS TAKAROANYAG CSEVELG®
BERENDEZES KIFEJLESZTESE

Az Asinox Ipari és Kereskedelmi Kft. a GINOP-2.1.2-8-1-4-16-2017-00214. projekt
soran kifejlesztett egy onjaré elektromos takaréanyag csévélo berendezést, amely
a szemipermiabilis membrantakarot hasznalé komposztalé telepek szamara teszi
konnyebbé a takaréanyag mozgatasat. A projekt az Eurépai Unié és a Magyar Allam
79,28 millio Ft vissza nem térintend6é tamogatasaval valésult meg.

A Széchenyi 2020 Program keretében elkészilt berendezés alapkivitelben tisztan elekt-
romos energiaval miikddik, amely egyediilallé a piacon. Opcionalisan, a vasarloi igények
szerint tovabbi energiaellatas is valaszthaté a géphez, akar napelem telepitése is, amivel
a gép teljes mértékben energia-6nellatd és igy szén-dioxid-semleges lehet.

A csévél6gép a nagy méretébdl addddan kdrnyezetérzékels rendszerekkel van ellatva,
amely megkdnnyiti a gép Uzemeltetését és ndveli a munkabiztonsagot. Az alapkivitel is
tartalmaz borulasérzékelést, akadalyérzékelést, szélsebességmérést, és Utkdzésérzé-
kelést. A szenzorora éplilé vezérlés felliigyelet mellett onvezetdé képességgel is rendel-
kezik. A tavvezérlé mellett minden gépen van egy vezérpult is, amelyrél minden funkcié
iranyithato és mellette elvégezhetdk a sziikséges ellenbrzési és karbantartasi feladatok.

A vazat és fémszerkezeteket a legkorszer(ibb epoxi-poliuretan fellletkezelési rendszer-
rel latjuk el, amely széls6séges kornyezetben is megfelelé korrézidvédelmet biztosit.

A fejlesztés eredményeként elkészilt 6njard csévélén a tavoli elérés révén a felhaszna-
|6 beavatkozasa nélkil el lehet végezni a gép szoftver rendszereinek tavoli frissitését,
valamint monitorozni lehet a fontosabb részegységek allapotat, amely megoldassal jelen-
t6sen csdkkenthetb a szikséges szervizek koltsége és id6tartama.

A projektrél bévebb informaciét a www.asinox.hu oldalon olvashatnak.

Biohulladék Magazin

Kiadja/Published quarterly by: Profikomp Kornyezettechnika Zrt.

Szerkesztébizottsag/ Editorial board: Dr. Aleksza Lészl6, Dr. Cséke Barnabas, Dr. Gyuricza Csaba, Ferencz Karoly

Felelés kiadd/Publisher: Dr. Aleksza Laszlo

Magyar nyelvi cikkek forditdsa angolra és lektorélds: GreenDependent Intézet/ Translation and proofreading from original non-English language
work: GreenDependent Institute

Tervezés és nyomdai elékészités/Design and layout: Stég Grafikai Mihely

Nyomtatas/Printed by: Stég Kft.

ISSN 2062-8811

Hirdetési tarifak/Advertisements: Bels6 boritok/Inside covers: 150 000 Ft - Hatso borité/Back cover: 190 000 Ft

1/1 oldal: 120 000 Ft - 1/2 oldal: 75 000 Ft

Szerkesztéség/Editorial office: 2100 Godolls, Kiihne Ede utca 7. Telefon: (+36) 28/512-490 e-mail: info@profikomp.hu

32 Biohulladék | 14. EVFOLYAM 1. SZAM



o Komp®

KISKAPACITASU AUTOMATIZALT KOMPOSZTALASI TECHNOLOGIA

Profikomp®
kiskapacitasu St
~_komposzt telep

¥t bR
% Ghggg
55 Suauag

ProflkompKo p

Profikomp® membrantakarasos
‘apritégép komposzt-egység

3 JMIERT A PROFIKOMP* TECHNOLOGIAK

jelentik a megoldast a problémakra?

e 20 év hazai és nemzetkzi piaci jelenlét és tapasztalat

e komplettszolgaltatascsomag: tervezés, méretezés,
technoldgiaszallitas, kivitelezés, tanacsadas;

e teljes technologiai gépsor: az el6kezeléstél kezd-
ve a zart komposztalasi technoldgian keresztdl
az utdkezeld frakcionald berendezésig;

e korszer(i, modularis felépitést géppark, innovatiy,
automatizalt iranyitastechnikaval;

e rugalmasan méretezhetd technolégia akar né-
hany szaz f6s telepuléstdl;

e zart rendszer(i komposztalas, nincsen kbzegész-
ségugyi kockazat;

e z6ldhulladékok, konyhai biohulladékok és biologi-
ailag bonthaté mianyagok (biopolimerek) kom-
posztalasara is alkalmas;

e kivaldé min6ségl komposzt termék, értékes talajjavito.

P .f ProfiKomp Kornyezettechnika Zrt., H-2100 G6dolls, Kiihne Ede u. 7.
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A ProfiKomp® Kérnyezettechnika Zrt. 20 év tapasztalattal
rendelkezik a komposztalasi technoldgiak tervezése, létesitése
és belizemelése terén. Uj fejlesztésként szakszer(i megoldast
nyujtunk kisebb méretd, dnkormanyzati vagy k6zdsségi,
decentralizalt biohulladékkezel6 telepek kialakitasara is.

a biohulladékok kezelése?

* a jelenlegi biohulladék-gyjtés kdzszolgaltatas kizardlag a zéldhulladékra
korlatozodik, a konyhai hulladék elkllénitett gydjtése nem megoldott;

e amar kiépitett komposztald kapacitasok ellenére a telepllési hulladék
legnagyobb frakcidjanak szamité biohulladékbdl évente legalabb
700.000 tonna kerUl lerakokba;

* az Eurdpai Unid korforgasos gazdasag programja miatt a biohulladékot
2023. december 31-t6l elkllonitve kell gydjteni vagy helyben kell kezelni;

* a kerti zoldhulladék égetésének betiltasa varhato

 MILYEN ELONYOKKEL

jar a kiskapacitasu

3. gazdasagos
tzemméret, ala-
csony Uzemel-

komposztalé telepek (1) ny dzem
kialakitasa és tetési koltségek
Uzemeltetése? r/‘\_‘
1. koltséghatékon - . J—I. 4. helyi munkaeré
e.szkéngrk ’ Korforgasos e foglalkoztatasa,

' hulladék- R
kevesebb szallitas, kivalé min6ségu

kisebb kérnyezeti gazdalkodas k.(.)mlp(?,szt, helyben
Kibocsatas ’s) torténd k,o,mposzt-
felhasznalas,
2. helyben torténdé hasz-
5.rovid értékesitési lancok,
(4) lokalis gazdasag fejlédése

nositas; alacsony szallitasi
koltségek

 KIKNEK AJANLJUK

a kiskapacitasu

K6zosség, apro falu (<500) <75 1400
komposztalokat? Kisfalu (500-999) 75-150 2200
Kozdsségeknek, intézményeknek, Kiskdzség (1000-2499) 150-375 3000
kistelepiilések énkormanyzatainak.  Kozseg, nagykézség (2500-10000) 375-1500 4000

" 4 . ProfiKomp Kornyezettechnika Zrt., H-2100 Godolls, Kihne Ede u. 7.
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