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AdThe biosphere ia selfregulating entity with the
capacity to keep our planet healthy by controlling
the chemicabnd physical environmeuist.
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Environment

The surroundings or
conditions in which we
live and operate
(organic, inorganic I.e.
artificial)




Environmentaélements

ANatural environmental elements

ASoil and geological medium
(bedrock, minerals, sediments)

AWater (surface and subsurface)

AAIr

ABiosphere (plants, animals,
microorganisms)

AArtificial (built) environment

e
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(settlements, road networksetc.) FEs Fo= 5 oL




A living thing Is a discrete entity, organism that has the

following characteristics:

A It cancapture useful energyrom its surroundings.

A It canextract materialsfrom its surroundings for growth and maintenance of its
structure.

A It isresponsive it reacts to its surroundings, using energy and material to mo\gr@w.

A It reproduces it generates other organisms like itself, preserving its own characteristics
by passing them on to succeeding generations.

A It adaptsandevolves successive generations can change as the environolamnges;
individuals exhibiadaptations that is, they are specialized for a particuianction in a
particular environment.



Thehierarchyof life

A MetabolismAll of the chemical reactions within an organism that sustain life.
A OrganelleSubcellular structures within cells that carry out specializedtions.

A CellThe basic unit of life, a structure completely surrounded yeanbrane, containing a nuclear
region and cytoplasnthe smallest structure capable of having all of the characteristics of life.

A TissueA group of similar cells having the same function in a multicelarganism.

A OrganA single structure of two or more tissues that performs one or nienetions in an
organism.

A Organ systenA group of organs that carry out related functions.

O e e vy Mot 1 o e e
A PopulationA group of individuals of the same species living in the sam@onment and actively
interbreeding.

A CommunityA group of interacting populations occupying the same environment.

A EcosystenThe combination of a community and its environment.
Vaccaret al., 2006



Thehierarchyof life

" oSiasing h Same hrediaymormate 1 cole.
A Taxonomyof organisms

A Biologistsusethe Linnaeansystemto classifyorganismswhich consistsof a hierarchyof groupings
and a naming convention The lowest level of the hierarchyis the species Similar speciesare
grouped into a genus The naming convention, called binomial nomenclature assignsto each
speciesatwo-word name

A Memorytrick for the sequencdrom kingdomto species
A King Philip came over from Greece Saturday
A Kingdom  Phylum Class Order Family Genus Species

Vaccaret al., 2006



Biosphere

A Thebiosphereis the 20 km thick part of the Earth'slithosphee, hydrosphereand atmosphee, where life and biologicalprocessegake
place Accordingto the broadestgeophysiologicgboint of view, the biosphereis the globalecosystemwith all living thingsand all their
cgngecﬁio?lsfjncludingthe non-livingenvironment Thebasicfeature of the biosphereis evolution,whichbegan3.5 billion yearsagowith
the birth of life.

A Theliving materialof the biosphere the biomass containsabout 1,900 gigatonnesof carbon,which correspondgo 3.7 kg/ m2 of carbon
on the surfaceof Earth(includingseaandland).

No Datag

This time series animation features the MODIS Terra Vegetation Index (MOD13C1) product. The MOD13C1 16-day product features data starting on
February 2, 2000, through December 19, 2013, and includes 320 images.
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Biogeochemicalycles

Biogeochemicatyclesinclude a variety of metabolicpathwaysaswell as abiotic reactionsthat continuously
replenishthe chemicalingredientsof life.

} Microbes are the agents of most of these reactions, often through adding electronsto and removing
electronsfrom atomswithin a sequenceof redoxreactions

+ Chemical Oxidation States *

A Biogeochemicatyclesare not maintainedby any singlespeciesrather, they representthe collectiveeffects
of diverse,yet inherently coordinated, microbial consortiaas well as interactions of microbeswith higher

organisms



Biogeochemicalycles

ABiogeochemicatyclesare a starting point for the analysisof the effect of
humanson the environment

ASincethe heattrapping effect of atmosphericCQ and methane are a
seriousconcern,it is important to understandthe rate of anthropogenic
(humancaused)emissions(environmental impacts of these gasesand
the ratesat whichthey are naturallyremoved

A Half of the CQ releasedby combustionof fossil fuel sincethe beginningof the
IndustrialRevolutionremainsin the atmosphere

A It isthoughtthat the oceanhasabsorbedthe remainder



Environmentalmpact

AChanges in the environment arising completely or partially from a natural
process, phenomenon @activity of an individual or an organizatignts
products or its services.

AEnvironmental impact can be favorable or unfavorable.

Aln short: any activity with an impact on the environment (or on one of the
environmental elements)



Use of the environment

AAN activity subject to permit for the use or exposure of the
environment or an environmental element.

Use of the environment: &~ ~N Environmental impact:
bring change into the release of a substance or energy
environment, Into the environment

the usage of environment or an THE QUESTION IS: Where is the
element as a natural resource

(e.g. ecosystem service) threshold between
9 4 environmental impact and

environmental contamination?



Environmentaprotection

AA systemof activitiesand measuresto protect, improve and prevent the
deterioration of natural environmental elements (soil and geological
medium, water, air, ecosystemJandscape)and artificial environmentsto
ensurethe health and survivalof mankindandthe ecosystem

AThelevel of environmentalprotection is stronglyconnectedto the stageof
development(economic,technical,social,cultural, scientific, political and
legal)




EnvironmentaProtectionHierarchytsource epa.gov)

Pollution prevention (P2) is any practice
that reduces, eliminates, or " prevents
pollution at its source, also known as Z N Pollution Prevention
sourcereduction @ (Source Reduction)

A Source reduction is fundamentally
different and more desirable than
recycling tfreatment anddisposal

A There are significant opportunities for Recycling
iIndustry to reduce or prevent pollution
at the source through costeffective \
changesin production, operation, and \  Treatment
raw materialsuse

A The opportunities for source reduction . Disposal
are often not realizedbecauseexistin GRl  Release
regulations focus upon treatment an

disposal
) Environmentamanagement

Environmental Protection Hierarchy




Reasonableeconomical

environmentallyfriendly, low-
waste, pre-lanned, long-term,
sustainableuseof natural
resourceshrough effective
conservation




ENVIRONMENTAAFETY ENVIRONMENTAROTECTION

NATUREONSERVATION

THECONDITIONDF
ENVIRONMENTALEMENTS

POLLUTANTS
(EXOTOXICOLO®BY (E.G POPEDCEMP?

MONITORING?)

MITIGATION
USAGEFNATURAL
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Reasonableeconomical REMEDIATION
USEOFENVIRONMEN : :
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ANDRESOURCES y 4 SEWAGEREATMENT
ENVIRONMENTAIOAD waste, pre-lanned, long-term,
sustainableuseof natural WASTEBMANAGEMENT
IPPC PERMIT resourcesthrough effective DISASTERONTROL
I MANAGEMENT
ENVIRONMENTAREVIEW conservation
PROTECTIODFCRITICAL
ENVIRONMENTAL INFRASTRUCTURES
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Environmental Pollution

Physical chemical or biological changesin the
properties of environmental elements which
have an adverseeffect on the health, survivalor

well-being of humans and/or other living
organisms

IN SHORT SUCCEEIENVIRONMENTALIMIT
VALUE®RTHHLLEGADISPOSADFWASTE

(BELOW.IMIT ENVIRONMENTAIOAD)

CAUTION a 5 h b BECENCHANTEDBY LIMIT
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* indusinal emissons mmmmmls
= motor vehicle emissions = water-transported contaminants
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EnvironmentaPollutant

Substances or mixtures of
substances their degradation
products which, if releasedinto
the environment,

Amay adversely affect the
condition of environmental
elementsor

A harmful to humanhealth or have
a negative effect on
environmentaluse

Primaryandsecondanpollutants




What is considered as environmental

contaminant/pollutant (i.e. harmful substance/chemical?

Ambientair (Hungarianlow):

4/2011 (I. 14.) VM decree technological(general 228 organic substance+ 11
carcinogenand procedurespecific 56 procedure (e.g. steel construction,
fertilizer production, etc. ) emissionvalues air load level exposurelimits (20
substancewith a specialattention to air pollutants of major importance and
carcinogenair pollutants immission valueg, air pollutants planning values
(166 substances+ sedimenting dust!), disclosure (information) and alert
thresholds (sulfur dioxide, nitrogen dioxide, carbon monoxide, particulate
matter PM10, ozone , critical air load levels set to protect ecosystems
(sulfur dioxide, nitrogen oxides ammonia near-ground ozone 9 types of
aerosolsincludingmetal-containingones



AIRPOLLUTANTH- MAJORIPORTANCE

4/2011.(1.14.) VM DECREE
Sulfurdioxide, nitrogen dioxide, carbonmonoxide, particulate matter

PM10, leadmercuryand benzene(carcinogerair pollutant),

ozoneis in aseparatesection
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Arsenic Cadmium Nickel Benzdqa)pyrene, Chromium Beryllium, 1,3
Butadieng Dioxinsand furans, Tetrachloroethylene Trichlorethylene

Vinyl chloride,
Speciaitem: asbestos
T
“ He g S A
o g N wcnoretyiene,  HL Sl OOO butadiene
C=C C=(;\ Tetrachlorethylene /C—C\ chloride
H H Benzo(a)pyrene
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A 10/201Q (VI 18) VM decree on surface water
contamination limit values (connected to Water
Framework Directive to determine the general
chemicaland physicalproperties of water affecting
biological elements such as priority and other

Surface water substances)

56 priority substance,4 other harmful substance
(zinc,copper, chrome,arsenic)

A 28/2004 (XI11.25.) KvWM decreeon emissionvalues
of water pollutantsX

(technological 37ctypes of technology, areal 35
types of parameters, parameters for release to
public sewer. 40 parameters, unique limits: 54
parameters)




Soil and 219/2004. (VII. 21.) Government

subsurface Regulation

About the protection of subsurface
water

water and its implementing
regulation:

6/2009. (IV. 14.) KvWM-E ¢ MFVM joint
decree




14400 MAGY AR KOZEL OMNY 2009451 . swam

Anyagcsoportonként (B) szcilti.yéﬁﬁé.t.i;sé'gi h"a'térér_éékek foldtani kilzegre

CAS szam = Chemical Abstract Service azonositd sziama
B, = a veszélyességet jellemzd besorolas, mely szerint K1 a minden esetben veszélyes anyagokat jeldli

B == (13) szennyezetiségi hatdrérték . (B) .
Contamination threshold value
—

1. Fémek (.0sszes” kioldhatd) és félféimek (mértekepgysés: mo/lkg s‘zs’trazan'.yag)

CAS szam e K.
744037 3 Krom Ssszes 75 K2 -
Krom VI ) ] Ki: -
74402 H <1 Kobalt 3 K2
7440020 Nilskel 40 K2 -,
FA440--50--8 Réz 75 K2
7440666 Cink. 200 K2
7440-38—2 Arzén 15 K1
7782 D2 Szelén 1 K2 .
7439987 Molibdén 7| ==
744t 3 F Kadomiuarm 1 K1
7440315 On 30 K2
74403 93 Barium 250 K2
7439978 Higany 0,5 K1
T7A3G—2—1 Olom 100 K2
744022 Failist 2 K2
2. Szervetlen vegyilletek (ménékegység: mog/kg srArazanyag)
P p— — = -
Cianid 4.5 pEL 2 K1
Clianid &Ssszes 20 K1
Tiocianatok 1 K1
3. Alifas szénhidrogének (TPH) (mértéekegyscg: me/ke szirazanyage)
B pat
Osszes alifas szénhidrogén (TPED) 100 K1
Cs—Cag
4. Benzol ¢és alkilbenzolok (BTEX) (mértéckegység: me/kg szarazanyag)
CAS szdumn B Ky
714322 Ben=zol 0.2 K1
108—88—3 Toluol 0.5 K1
100314 Etil-ben=zol 0.5 KT
1330-20--7 Xilololk 0.5 K1

K 1.2 : hazard classification according to toxicity, degradation and accumulation in human body

Approx. 180 substance




Examplefor secondarycontaminantin soil-groundwatersystem
Amongchlorinated hydrocarbonsubstancesn soil:

Water solubility: 150 mg/L

Cl Cl
tetrachloroethylene \C =C/ CSF,,,: 0,052
cl—~  cl | o
CSI:inhalation' 0,002 E § :
[RfD. mg/bodyweightkd day] RfDo = 1.0E-02, (i:1,4E-01) ’

0 dry¢ cleaning degradationin low oxygenenvironments

@
E
— m
TS - .
e —

H Water solubility : 2670mg/L
Vinyl cloride* CH—CI
inyl cloride y (o= CSF, .15
CSFinhaIation : 0’03

RfDo = 3.0E-03 (i:2,8E-02)

Whichis morewater solubleand morereactivewith proteins and nucleicacidsthan the
parentcompound



REACH
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COMPLIANCE

Carcinogefi

European Union: REAJ force:EC1907/2006)Annex XVIl.Carcinogersubstancesare listed in Appendix 1,

Entry28. Entry29. islisting mutageng

CarcinogengategorylA and 1B
WHAT IRREACHA, separateslide
International Agency for Research on Cancer

& :§ World Health
%7 Organization

SAFETY SHEERSHazardstatements(H350 and H351)

IARC(INTERNATIONAL AGENCY FOR RESEARCH ON CAIN@HRY: 12 December 2019. 1017 substances
More than 40 years of data collection !Https://monographs.iarc.fr/agentsclassifiedby-the-iarc/

: @
United States s
Enwvironmental Protection %1’ M
0 &

EPA USA(EENVIRONMENTAL PROTECTION AGENCY)
i
I\‘.-’EPA Agency 4,)4( &

((ED STy
.\)‘\\ %\s‘.

0,
" agenct


https://monographs.iarc.fr/agents-classified-by-the-iarc/

* 4 K

COMPLIANCE

What is REACH?

A REACH (EC 19072006 aims to improve the protection of
human health and the environment through the better and
earlier identification of the intrinsic properties of chemical
substances

A This is done by the four processesof REACHpamely the
Registration, Evaluation, Authorization and restriction of
CHemicals

A REACHiIsoaimsto enhanceinnovationand competitivenessof
the EUchemicalandustry.

A o b @atano Y I NJ| ghilosophy the REACHRegulationplaces
responsibilityon industry to managethe risks from chemicals
andto providesafetyinformation on the substances

A TheRegulationalso callsfor the progressivesubstitution of the
most dangerouschemicals(referred to as "substancesof very
highconcern")when suitablealternativeshavebeenidentifie s,

< z
E o
Oz <

2
% S

%, <
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https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32006R1907

AnnexXVIl REACH

AThe restricted substances (on their own, in a mixture or in an article)
are substances for which manufacture, placing on the market or use is
limited or banned in the European Union.

ANNEX XV

RESTRICTIONS ON THE MANUFACTURE, PLACING ON THE MARKET AND USE OF CERTAIN DANGEROUS SUBSTANCES, MIXTURES AND ARTICLES

Column 1 Column 2
Designation of the substance, of Conditions of restriction
the group of substances or of the

mixture

1. Polychlorinated  terphenyls|Shall not be placed on the market, or used:

(PCTs) — as substances,
— in mixtures, including waste oils, or in equipment, in concentrations greater than 50 mg/kg

(0,005 % by weight).

2. Chloroethene (vinyl chloride) Shall not be used as propellant in aerosols for any use.
CAS No 75-01-4 Aerosols dispensers containing the substance as propellant shall not be placed on the market.

EC No 200-831-0




‘ Categories
CATEGORY 1:

|Category 1A:

Criteria

Known or presumed human carcinogens

A substance is classified in Category 1 for carcinogenicity on the basis of epidemiological and/or animal data. A substance
may be further distinguished as:

Category 1A, known to have carcinogenic potential for humans, classification is largely based on human evidence, or

Category 1B:

Category 1B, presumed to have carcinogenic potential for humans, classification is largely based on animal evidence.

The classification in Category 1A and 1B is based on strength of evidence together with additional considerations (see
section 3.6.2.2). Such evidence may be derived from:

Awuman studies that establish a causal relationship between human exposure to a substance and the development of
cancer (known human carcinogen); or

Aanimal experiments for which there is sufficient? evidence to demonstrate animal carcinogenicity (presumed human
carcinogen).

In addition, on a case-by-case basis, scientific judgement may warrant a decision of presumed human carcinogenicity
derived from studies showing limited evidence of carcinogenicity in humans together with limited evidence of
carcinogenicity in experimental animals.

CATEGORY 2:

Suspected human carcinogens

The placing of a substance in Category 2 is done on the basis of evidence obtained from human and/or animal studies,
but which is not sufficiently convincing to place the substance in Category 1A or 1B, based on strength of evidence
together with additional considerations (see section 3.6.2.2). Such evidence may be derived either from limited® evidence
of carcinogenicity in human studies or from limited evidence of carcinogenicity in animal studies.



http://www.legislation.gov.uk/eur/2008/1272/annex/i?timeline=false#f00088
http://www.legislation.gov.uk/eur/2008/1272/annex/i?timeline=false#f00088

ECHA (European Chemicals Agency) table

A Atable hasbeenpreparedby it N SN

the European Chemicals = - _

Agency (ECHA)to facilitate

the searching of restricted . : s e E

substancesn the AnnexXVII = B R

of the REACHRegulation, wrioes | roms | 38 .

and the table P rovides 200-864-0  75-35-4 38 i

additional Information 203-400-5 | 106-467 64 e

related to the specific e |ceme | .

FEStriCtion entry. nol (DEGBE) 203-961-6  112-34-5 55 Je
1anol (DEGME) 203-906-6  111-77-3 54 i



Label elements for carcinogenicity

Classification | Category 1 (Category 1A, 1B) Category 2
GHS Pictograms
Signal Word Danger Warning

Hazard Statement

H350: May cause cancer {state route of exposure if it
is conclusively proven that no other routes of
gxposure cause the hazard)

H351: Suspected of causing cancer (state route of
exposure if it is conclusively proven that no other routes of
gxposure cause the hazard)

Precautionary F201 F201

Statement

Frevention P202 P202
F280 F280

Precautionary F308 + P313 F308 + P313

Statement

Response

FPrecautionary F405 F405

Statement

Storage

Precautionary P501 P501]

Statement

Disposal




Identification criteria for persistant(P)bioaccumulative(B),toxic (T),very persistant(vP) andvery toxic (vT) substances

Bioaccumulative

Verybioaccumulative

Toxicity (T)
Criteria

Persistant(P) [Verypersistant(vP) (B)criteria (vB) criteria
criteria, half life | criteria, half life |, . " . ’
(days (day9 bioconcentrationl bioconcentration
factor factor
Seawater > 60
> 60 Aquaticspeciesy Aquaticspecies
Freshwateror 2000 5000 a)
> 40
estuary b)
Seasediment >180 C)
Freshwateror > 180
. > 120
estuarysedimeni
SOIL > 120 > 180

NOE®r EC10 isower than 0.01 mg/I;

Basedon the 1272/2008/Eirective, substances
classifiedasa carcinogen(categoryl and Il),
mutagenor reprotoxic agent

Thereare other evidencedor the chronictoxicity
e.g Thesubstances classified as

a SpecificTargetOrganToxicant (STOTit produce
specific target organ toxicity/systemic effects tha
are not specifically addressed elsewhere in the
GHS. All significant health effects that can impai
function, both reversible and irreversible,
following single exposurer repeated exposure,
are included.



Isthis enougl? Whatabout productionandsalé&?

AThe annual global production of chemicalshas risen from 1
milliontonnes(1930 to over400milliontonnes

AOnthe communitymarket, slightlymore than 100 000 different

Su
VO
Su

nstancesare traded of which 30 000 succeedthe annual
ume of 1 tonne. Internationally approx 200-1000 new

pstancesreintroducedin ayear

AAccordingto World Wildlife Found (WWF)80% of chamicals
usedin bulk have never beentested for human health (Xwhat
about ecologicaleffects???)



~ 100 000 chemicals
on the market

~ 500 chemicals
their hazards and exposures

~ 10 000 chemicals
fairly well characterised for
a subset of thelr hazards and exposures

~ 22 600 chemicals

with a use over ~ 20 000 chemicals
with limited characterisation for
Atonne peryear their hazards and exposures

~ 4 700 chemicals
with a use over ~ 70 000 chemicals

AShortanswer
100 tonnes per year m:?rm:::;m:;t::"réf N O, It IS n Ot
hazar%r::t:mrai\:‘:cetc:::?satlon e n O u g h

and evaluation




New challenges

AClimatechange

APlasticsand microplastics

AEmergingmicro-pollutants(pesticides
pharmaceuticalp

’-1

e ‘ 54 £ .
e N i et £‘@ : ¥
- o P s - >
’ : _

Tiny fragments andy =~
filaments of plastic £+ *

. . by v
found in tablesalt ™




Health Risks Associated with Synthetic Pesticides

Because pesticides end up virtually everywhere instead of remaining on crops, their existence in our environment has
been linked to the following health problems:

PYSIREIE ~ ®®

Skin, Eye, and Lung Hormone Brain and Nervous Cancer Blood Disorders
Irritation Disruption System Toxicity

‘@: Children living in areas with heavy
k]

pesticide use had strikingly impaired
hand-eye coordination, decreased
physical stamina, short-term memory

impairment, and trouble drawing

Birth Defects /

Nerve Disorders Toxicity to a Fetus

Reproduction Effects



Whatcanwe do? - ENVIRONMENTAL PROTEC

A THEPROTECTIGDFNOTONLYTHENATURAENVIRONMENSUTBUILTI.LE ARTIFICIAL)
ENVIRONMENASWELL

A AIM: TOORGANIZBUMANACTIVITIEBNDUSTRIABRGRICULTURAIRANSPORTATION,
ETQ IN A WAY TO PRESERVEHE NATURALAND ARTIFICIAENVIRONMENODF
HUMANITY

A BALANCING COMPROMISEEARCHRBUTCONSERVATIZETIMATIONNDAPPROACH!
(in environmental protection, a conservativerisk/managementapproachis when the
worst-casescenariois taken into accountduring planningor permitting environmental
use)

A In the longrun, nature conservatiorareascanbe only maintainedwith the eliminationor
reductionof harmful effects!



WWILEY

ENVIRONMENTAL

Thebasicsandthe role of environmental ~ ™wuse

biologyin environmentabrotection

Mathematics

]

General Physics Ceneral Chemistry

A Theconce£tma ponthe role of
biologyin Engineeringand Science

) Organic Chemistry J Biochemistry
Fluid Mechanics l r
i
v r// Physical Chemistry [ ] Ceneral Biology
Mass Transfer ,L

Environmental |,
Microbiology

Mass Balance : h 4
and Reactors Environmental Ecology ok
Chemistry
y
+ Toxicology [*

Treatment Environmental
Process Maodeling and Impact
Design Prediction

Vaccaret al., 2006




Biologicahpplicationdor environmentalkontrol

A Appliedbiology playsa vital role for all humans,in terms of sustainingboth human life
andenvironmentquality.

A Productiont high level of dependence (cultivated crops managedlivestock managed
forests biochemicalproductse.g. foods and beveragesbulk chemicals e.g. aceticacid,
ethanol advancedharmaceuticals

A Biological systemsinherently qualify as environmentally friendly, and as a naturally
renewableresourcethey tend to offer significanteconomicadvantages

A Most of these systemscan even seltadjust (i.e., acclimatd to their circumstances
(environmental conditions, competitive pressures,etc.), in an attempt to maintain
optimal performance while handling metabolically an increasinglycomplex array of
iIndustrial chemicals which may be anthropogenic(humanmade)or xenobiotic (foreign
to livingthings)



Methane Ol Silek or st . ) . Light petroleum
release to the LeECh Ol e R A hydrocarbons evaporate

atmosphere e S .': e to the atmosphere

Oil in the water column

Oil droplets Deposition of heavy
and methane petroleum
bubbles Prevailing current hydrocarbons
migrate up
through the
water column

-~
- -

A
Fallout plume M’

Faults and cracks

Seep conduit

QOil reservoir

A Someenvironmentalpollutantsoccursnaturallyandthey are known
for livingorganismge.g hydrocarbons.




Thepossiblereactionsof livingorganismdo environmentalpollutants

No,or minimal
survival

Increasing
survivalrate
Minimal
removalrate

Increasingemoval
rate

Food Chjai? is damaged Environmental protection,
Ecosystem damaged biotechnology
a2 a2
THE REGENERATION CAPACITY THE REGENERATION CAPACITY
OF THE ENVIRONMENT IS OF THE ENVIRONMENT CAN BE

DAMAGED RESTORED



Biologicahpplicationdor environmental
control

Bwlogical Level

Apphed Realm of specihe Process
Environmental Management Apphication Micro-scale” Macro-scale®
Wastewater Attached growth *
suspended growth b
Stabillization lagoons *
Constructed wetands b4 b4
Sludge] Anaerobc digestion *
Aerobie digestion b
Composting *
Water Potable water b4
Dismfection Water and wastewater i
sohd waste Landhll degradation ¥
A Biohltration b4
01l and groundwater Phytoremediation * *
Bioremediation i i

“Microscale applications involve various combinations of bacteria, protozoms, rotifers, fungi, algae, eic.

"Macroscale applications involve higher plants. _
Vaccaret al., 2006



Whythe microorganism®

AThey are detectable in all
environmental elements all
aroundthe world

AThey can adapt to extreme
environmentalconditions

AThe final products of the
degradation of organic
environmental pollutants are
ideally non-hazardous
metabolites (e.g. CQ, H,0)

A A Bioconversation  bio-
transformation

Yellowstone Antarctica Atacama Europa
Hotsprings Subglacial Desert

https://www.nsf.gov/news/special reports/sfs/



https://www.nsf.gov/news/special_reports/sfs/

INTERNATIONAL UNION
- OF BIOCHEMISTRY AND
/2/ ored e, MOLECULAR BIOLOGY
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Enzymesvith relevancan environmental

biotechnology

A Oxigenases e.g the degradationof aromatichydrocarbons
A Proteasex; keratindegradatione.g feather, fur

A Amylaseg; starchdegradationand transformation

A Cellulaseg celluloseandlignocellulosedegradation

A Esterases

A Lipases pl. biodieselproduction




Demonstration of enzyme reactions througe

example opesticidedegradation

AHydroxylatiorn introduction of OH grougr{creasediologicalactivity,
more polar, more water soluble (catalyzed by oxygenase enzyme)

ADesalkylation many pesticides contain alkyl groups responsible for toxic
effects (detoxification! Mixedunction dehydrogenases)

ACleavage of ether bondeasier metabolism (mixed oxygenates)
A Oxidation of aromatic ringdioxygenases

A Beta-oxidation: aliphatic side chaing fatty acid, extraction of 2 C atomic
fragments



Demonstration of enzyme reactions througke

example opesticidedegradation

A Epoxidation double bond O atord, toxic intermediates! (&. aromatic CH oxides
mercapturic acids

A Sulphoxidation 2-valencysulfurA sulfoxide, sulfone
A Reduction reactionsrare. Reductive dehalogenation is important for chlorinated CH

A Hydrolysis lipophilicA OH group. incorporation, hydrophilic (amidase, esterase,
nitrilase, phosphatase}, acid, alcohqglor amine

A Dehalogenation Ghalogen bond stable!

A Hydrolytic dehalogenation(OH group instead dfalogeng

A Reductivedehlogenation (Hinstead ofhalogen3 e.g. DD, DDD

A Dehydrotalogenation(Instead of H antialogen =bond) DDTA DDE ’l‘
A Synthetic reactionsconjugate, condensate formation
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Schematic form of biodegradation and

phytoremediation
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Phytoremediation

Remediation methods have several limitations and, sometimes, they are disruptive to the environment . Look
for environmentally friendly treatment technologies to complement or substitute the conventional ones.

Phytoremediation isa broad term that has been in use since the early 1990s

Phytoremediation isthe use of green plants and their associated microbiota, enzymes, water consumption |,
soil amendments, and agronomic techniques to remove, contain /retain, immobilize , transform /degrade
environmental contaminants from soil, sludges sediments , water wastewater and even atmosphere .

It is an emerging technology which offers a potentially cost-effective and environmentally sound (eco -
friendly ) alternative to the environmentally destructive physical methods .

¢ independent of an external energy supply,
¢ have more public acceptance
¢ non -invansive technology

¢ plants increase the amount of organic carbon in the soil, which can stimulate microbial activity and augment the
rhizospheric degradation of the pollutants




Plants ideal for phytoremediation should fulfil four main requirements ( Schnoor, 1997):
1. they must be fast growing and have high biomass,

2. have deep roots,

3. have easily harvestable aboveground portion,

4. accumulate large amounts of metals (~ 1000 mg/kg) in aboveground biomass.

Plants can be used to treat most classes of contaminants A
¢ toxic metals,
¢ radionuclides
¢ recalcitrant organic pollutants,
¢ chlorinated pesticides,
¢ organophosphate insecticides,
¢ petroleum hydrocarbons (BTEX),
¢ polynuclear aromatic hydrocarbons (PAHS),
¢ sulfonated aromatics,
¢ phenolics,
¢ nitroaromatics and explosives,
¢ polychlorinated biphenyls (PCBSs),
¢ chlorinated solvents (TCE, PCE).




Phytoremediation

Phytoremediation can be performed both in situ and ex situ.
Different strategies :

¢ phytoextraction,

¢ phytodegradation,
¢ Phytovolatilization
¢ Rhizodegradation

¢ Selection, traditional breeding and genetic engineering focus on the optimization of pollutant tolerance,
root and shoot biomass, root architecture and morphology, pollutant uptake properties, degradation
capabilities for organic pollutants etc.
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phytoextraction/phytoaccumulation 0 this process involves the removal of
pollutants by the roots of plants and subsequent transport to aerial plant
parts; pollutants accumulated in stems and leaves are harvested with
accumulating plants and removed from the site;

phytodegradation 9 this consists on the conversion of organic pollutants
into compounds with reduced toxicity through the action of internal or
secreted enzymes;

phytovolatilization & through this process soluble pollutants are taken up
with water by the roots, transported to the leaves and volatilized into the
atmosphere through the stomata ; amounts of pollutants transpired are
proportional to the water flow and usually relatively low;

rhizodegradation & breakdown of organic pollutants through microbial
enzymatic activity iscalled rhizodegradation ;the types of plants growing in
the contaminated area influence the amount, diversity and activity of
microbial populations ;

rhizofiltration & this mechanism of pollutants retention involves either
adsorption or absorption by plants roots; consequently, large root surface
areas are usually required for these processes;

phytostabilization & through this process, accumulation by plant roots or
precipitation in the soil by root exudates immobilizes and reduces the
availability of soil pollutants ; plants growing on polluted sites also stabilize
the soiland can serve as a groundcover thereby reducing wind and water
erosion and direct contact of the pollutants with animals ;

hydraulic control o containment of pollutants within a site can also be
achieved by limiting the spread of a contaminant plume through plant
evapotranspiration

Phytovolatilization

Phytodegradation

Phytoextraction

V) A

® I Phytostimulation I

® %

/'
| Rhizofiltration ﬂ\

o Pollutants

f
| Phytostabilization |a
o °
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In the soil/water -plant -atmosphere continuum, a specific contaminant can be
remediated at specific points along this continuum by different

ATMOSPHERE

Contaminant in the air

SOIL

Contarminant in the root-
zone (thizosphere)

ME CHANISMS
FOR ORGANICS

Rhizofiltration =
Rhizodegradation e

phytoremediation mechanisms

REMEDIATED

CONTAMINANT

MECHANISMS FOR
INORGANICS

e Phitovel atilizati on

. L HZOfi1tr ation
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Advantages of phytoremediation

¢ Phytoremediation installations provide improved aesthetics and receive a better acceptance from the
public as they are less invasive and destructive than other technologies. They additionally may provide
habitat to animals and promote biodiversity.

¢ Phytoremediation is a low -cost technology compared to other treatment methods. Studies have
indicated that implementing phytoremediation may result in cost savings of 50 to 80 % over traditional
technologies.

¢ Itis easy to implement and maintain, and it is effective for a variety of organic and inorganic
compounds.
¢ It reduces the amount of dust emission and may promote better air quality in the vicinity of the site.

Vegetation also helps reduce erosion by wind or water.
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Disdvantages of phytoremediation

¢ Extremely high concentrations of pollutants may not allow plants to grow or them to die. So, phytoremediation is
more effective or limited to lower concentrations of contaminants.

¢ For phytoremediation to be successful, contaminants must be within reach of plants roots, therefore itis
restricted to sites which shallow contamination, with effective depth limited by the size of the rooting zone.

¢ Phytoextraction can cause contaminants to accumulate in plant tissues. The potential for ecological exposure
through consumption of contaminated plants by animals and possible effect on the food chain is an
environmental concern. Harvesting of contaminated biomass may be required.

¢ Phytovolatilization may remove contaminants from the subsurface but might then cause increased airborne
exposure. In general, the fate of contaminants is often unclear, which may raise important issues with the
potential for the dissemination of  some pollutants in the environment.

¢ If non -native species are selected for phytoremediation, the consequences of introducing them in the
ecosystem may be unknown or unexpected.

¢ Phytoremediation may take a longer time to achieve remediation goals (some times several year) than is
required by other treatment technologies. For instance, a tree stand may take several growing seasons to be

established and for contaminant concentrations to be reduced.

¢ The success of phytoremediation may be seasonal, depending on location. Its effectiveness may be variable,
affected by climate conditions.
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Application of phytoremediation
methods

Shallow contamination of organic , nutrient or metal pollutants

Large scale pollution , where other environmental
Areas with a low level of pollution

Simultaneous application with other remediation methods

iImplementations would by very expensive

Plant species: Alfalfa 4-6 ft.

¢

¢

¢

¢

Grasses 2 ft.

Treese.g. poplar
Grasses e.g . Festuca spp.

Indian
Mustard 1 ft.

Poplar [rees 15 ft.

Nitrogen fixing e.g. Trifolium spp., Medicago sativa
Aquatic plants d e.g. Myriophyllum spicatum, Saggitaria latifolia

LULO. VUL, 1T,




Scale of phytoremediation




Metabolism of organic xenobiotics In

plants

Several enzyme systems, not necessarily physiologically connected,
form a metabolic cascade for the detoxification, breakdown and
final storage of organic xenobiotics . In plants , detoxification
resemble the reactions inthe animal liver than the bacterial

mechanism (called agreen liver metabolism ) (Sandermann , 1994).

This network of reactions can be subdivided into three distinct
phases:

tranformation (phase 1),
conjugation (phase Il)

compartmentation  (phase Ill) o transport and store in the vacuole
and the final step iscell wall binding or excretion

Xenobiotic (hydrophobic)

l Phase |

Functionalized derivative (less hydrophobic)

l Phase i
Conjugate (hydrophilic)
J Phase il

Terminal metabolite (compartmentised)
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Major removal processes and transformation pathways of organic xenobiotics in plants
(adapted fronKvesitadzeet al. (2006) and Abhilash et al. (2009)

Phytovolitilization

Translocation ¢
Phytodegradation

Insoluble conjugates of
contaminantin CELL WALL

/_,_a—'——n_h\
Deep soluble conjugates>
- - of contaminantin

oxidation _{ RO E

Phase | iContaminant with §
" functional group § Phase Il

'- A L A L ) --J
! N
Phasell iConjugate of contammanq
with cell compounds |

S ————

Uptake

7 /\\; \’thzodegradation

Rhizostabilization

Organic
contaminant




Phase |

¢ Functionalization: involves a conversion/activation (oxidation, reduction or hydrolysis) of lipophilic
xenobiotic compounds

¢ In this phase the molecules of the hydrophobic compound acquire a hydrophilic functional group (e.g.
hydroxyl, amine, carboxyl, sulphydryl) through enzymatic transformations.

¢ The polarity and water solubility of the compound increase

¢ Increased affinity to enzymes catalyzing further transformation (conjugation or deep oxidation by the
addition or exposure of the appropriate functional groups.

¢ Plant cell not only detoxifies the  compound but also assimilates the resulting carbon atoms for cell needs

¢ In plants, oxidative metabolism of the xenobiotics is mediated mainly by cytochrome P450
monooxygenase which is of crucial importance in the oxidative processes to bioactivate the xenobiotics
into chemically reactive electrophilic compounds which subsequently form conjugates during Phase Il

2025. 02. 19.




Cytochrome P450 enzymesystem

¢ Cytochrome P450s (CYPs) are heme-thiolate
proteins that plays a key role in the
metabolism of drugs and other xenobiotics
(Estabrook, 2003).

¢ Cytochrome P450 proteins, named for the
absorption band at 450 nm of their carbon
monoxidebound form, are one of the largest
superfamilies of enzyme proteins. The P450
genes (also calle@YP are found in the
genomes of virtually all organisms, but their
number has exploded in plants.

Their most conserved structural features are relatkdriteebinding and common catalytic properties, the major fea
being a completely conserved cysteine serving as fifth (axial) ligand hetheiron.

They contribute to vital processes such as carbon source assimilation, biosynthesis of hormones and of struct

Apoprotein-
resz

HOOC

HOOC

Hem-rész az
"aktivalt oxigén"-nel

Szubsztrat kotdhely (hidroféb)

components of living organisms, and also carcinogenesis and degradation of xenobiotics.

ture

ural




CYP P450 genefamily

Until 22.08.2012: 18687 protein -encoding P450 gene:

- In humans, 57 and 58 pseudogeneic

Smaller families and subfamilies are subdivided based on DNA sequence homology.

Their amino -acid sequences are extremely diverse, with levels of identity as low as 16% in some cases, but their

structural fold has remained the same throughout evolution. Gene family Number of genes Main function
CYP1 3 Biotransformation
. L . CYP2 16 Biotransformation
Based on prOteIn Slmllarlty: CYP3 4 Biotransformation
.. . . CYP4 12 Fatty acids metabolism
40% similarity - one family (denoted by a number, Cyps : Thromboxane A2 synthesis
CYPl) CYP7 2 Bile acid biosynthesis
CYP8 2 Bile acid and prostacyclin biosynthesis
55% similarity - one subfamily (denoted by a letter, CYP1T 3 Steroid biosynthesis
CYP17 1 Steroid biosynthesis
CYPlA) CYP19 1 Steroid biosynthesis
. . CYP20 1 Unknown
marklng Of a g|Ven gene (number1 CYP 1A1) CYP21 1 Steroid biosynthesis
CYP24 1 Vitamin D degradation
CYP26 3 Retinoic acid hydroxylation
CYP27 3 Vitamin D3 and bile acid synthesis
CYP39 1 Cholesterol synthesis
CYP46 1 Cholesterol synthesis
CYP51 1 Cholesterol synthesis




“ P450 enzymes catalyze many reactions that are important in drug metabolism or
that have practical applications in industry ; their economic impact is therefore
considerable.

In prokaryotes :

¢ P450s in prokaryotes are soluble proteins. Class | P450s require both an FAD -containing NAD(P)H -
reductase and an iron -sulfur redoxin as electron donors. Prokaryotic class Il require only an FAD/FMN -
containing NADPH -P450 reductase, which is fused to the P450 protein. P450s often confer on
prokaryotes the ability to catabolize compounds used as carbon source or to detoxify xenobiotics. Other
functions described for prokaryotic P450s include fatty acid metabolism and biosynthesis of antibiotics .

In eucaryotes:

¢ Eukaryotic class | enzymes are found associated with the inner membrane of mitochondria and
catalyze several steps in the biosynthesis of steroid hormones and vitamin D3 in mammals .

¢ Class Il enzymes are the most common in eukaryotes. Class |l P450s from plants are involved in
biosynthesis or catabolism of all types of hormones, in the oxygenation of fatty acids for the synthesis of
cutins, and in all of the pathways of secondary metabolism .

Class | and class Il P450s from all organisms participate in the detoxification or sometimes the
activation of xenobiotics.




Phase ||

¢ Conjugation: involves conjugation of xenobiotic metabolites of Phase | (or the xenobiotics themselves
when they already contain appropriate functional groups) to endogenous molecules (proteins,
peptides, amino acids, organic acids, mono -, oligo - and polysaccharides, pectins, lignin, etc.);

¢ As result of conjugation, compounds of higher molecular weight are formed with greatly reduced
biological activity and usually reduced mobility.

¢ The end products of Phase Il are  usually less toxic than the original molecules or Phase | derivatives 0
exceptions !

¢ Conjugation is catalyzed by transferases. Enzymes such as glutathione -S-transferases, glucosyl
transferase and N -malonyl transferases are associated with Phase Il (  Eapen et al., 2007).

¢ Conjugation of Phase | metabolites takes place in the cytosol, but it is harmful to accumulate these
compounds in cytosol ( Eapen et al., 2007).
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¢ Of the different Phase Il reactions that are most commonly involved in pollutant metabolism in trees, conjugation
with GSH is one of the most important reactions and often the rate limiting step in the detoxification of an
organic compound

¢ GSH transferases mediate the GSH -conjugation of chloroacetanilide herbicides in poplar trees according to the
reaction:

GST

GSH + X-R GS-R + XH

X-R = pollutant
GS-R = glutathione conjugate of the pollutant

Glutathioneconjugation reaction of a pollutant containing anlXaving group

¢ Although the Phase Il conjugation system is regarded as a detoxification process of xenobiotics, GSH conjugates
are not devoid of biological activity. A reducing their concentrationis important in detoxification

2025. 02. 19.




Phase |l

¢ Compartmentalization: involves modified xenobiotics getting compartmentalized in vacuoles or getting
bound to cell wall components such as lignin or hemicellulose (Coleman et al., 1997; Dietz and Schnoor ,
2001; Eapen et al., 2007).

¢ In this phase (a potential final step in the non -oxidative utilization of xenobiotics) the conjugates are
removed from vulnerable sites in cytosol and transported to sites where they may not interfere with
cellular metabolism: soluble conjugates (with peptides, sugars, amino acids, etc.) are accumulated in
vacuoles, whereas insoluble conjugates (coupled with pectin, lignin, xylan and other polysaccharide)
are taken out of the cell and accumulated in plant cell walls (Sandermann , 1992; Sandermann , 1994;
Eapen et al., 2007).

¢ Phase lll reactions are unique to plants because they do not excrete xenobiotics as animals do. Plants
therefore, need to somehow remove the xenobiotic within their own system. ATP driven vacuolar
transporters are the main enzymes involved in this phase and further processing of conjugates may take
place in the vacuolar matrix (Eapen et al., 2007).

Metabolization = rhineralization
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Phytotoxicity

¢ Plant response for the foreign compounds (plant's physiological, biochemical and molecular responses )

¢ Growth reduction
¢ Chlorosis
¢ Necrosis of tissues
¢ Xenobiotic stress- quantitative parameters
¢ Relative growth rate (RGR)
¢ Photosynthetitc pigments concentration in  plant tissues
¢ Chlorophylls (total , a and b), carotenoids B

¢ Biochemical alterations - production of reactive oxygen species (ROS) (reduced forms of atmospheric oxigen ) o by
products of various metabolic pathways . The rapid and transient production of high quantities of ROS consequently
resultsinwhat i s cal |l ed [oxidative bur st
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cm

15

10

¢ Effect of various Pseudomonastrainson sorghumdevelopmentin a soil containing naphthaleng1
g/kg), phenanthren€0.2 g/kg) and sodiumarsenite(50 mg/kg). (1) bacteriafree plantsin cleansoil; (2)
bacteriafree plants in contaminated soil. Plants inoculated with (3) P. chlororaphis
PCL1391(pBX16pKSL); (4 P chlororaphis PCL1391(pB16); (5) P aureofaciens
BS1393pBX16pKSL); (6) P. aureofaciend88S1393pBS216) in contaminatedoil.
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Phytoremediation of Heavy Metal
Contaminated Solls

¢ Remediation of inorganic contaminants differs from the case with organic compounds (organic
compounds can be mineralized )

¢ Inorganic contamination must either physically remove the contaminant from the system or convert it
into a biologically inert form.

¢ Phytostabilization , phytoextraction , rhizofiltration and phytovolatilization -Selection of plants for
phytoremediation of metals depends on the particular application

¢ Besides plants rhizospheric microorganisms play an important role in metal removal from soil.

¢ Plants that accumulate toxic metals can be grown and harvested economically, leaving the soil or
water with a greatly reduced level of toxic metal contamination

¢ Dried, ashed or composted plant residues, highly enriched in heavy metals may be isolated as
hazardous waste or recycled as bio-metal ore
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Plant Adaptation to Metal Stress

¢ Two responses can be distinguished in the presence of metals 0 metal sensitivity and metal resistance

¢ Resistance means that in spite of metal toxicity plant reacts in a way that allows it to survive high concentration
of metals, and to produce the next generation of plants

¢ Resistance :
¢ Avoidance (mec hanisms for external protection of the plant from metal stress)
¢ Tolerance ( the plantis able to survive internal stress imposed b  y high metal concentrations )

¢ Plants that are tolerant to metalliferous soils can be divided into three groups according to the metal
concentration found in their tissues (Baker, Brooks, 1989):

¢ 1. accumulator (uptake of very high levels of ions to the extent of exceeding the levels in the soil )

¢ 2.indicator (take up metals at a linear rate relative to the concentration of metal in the soil )

¢ 3. excluder (takes up metals but restricts increased  concentrations in the shoots until a critical level is reached,
above which metal concentrations start to increase )
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Metal concentration in plant

Accumulator

— Indicator

— Excluder

Metal concentration in soil
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Hyperaccumulators

¢ Hyperaccumulation : Content of specific metals in  plant tissues exceeds levels that are actually required
for normal growth and development

¢ Hyperaccumulators can  concentrate metals in their aboveground tissues to levels far exceeding those
present in the soil or in the non -accumulating species growing nearby.

¢ A plant containing more than 0.1% of Ni, Co, Cu, Cr and Pb or 1% of Zn in its leaves and stems on the dry
weight basis, can be considered a hyperaccumulator, if the accumulated amount exceeding the metal

concentration in the soill

¢ Basic characteristics :

¢ plant must be able to tolerate high levels of the element in root and shoot cells: hypertolerance s the first property
that makes hyperaccumulation possible,
¢ pla nt must have ability to translocated an element from the roots to the shoots at high rates,

¢ there must be a rapid uptake rate for the element at level that occur in soil solution.
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Agrostis stoloniferaccumulates 3G0mes more of arsenic
from soilthan other plants growing in the same area
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Minuartia vernacontained 100@imes more of
cadmium than was in soil

Sedunalfredii was found to
be a hyperaccumulator of Cd

AlyssumandThlaspiare very good nickel hyperaccumulators

i o

1o Mo Sonchus aspdras hyperaccumulation
ke 4 capacity to Pb and Zn
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Steps of m etal accumulatio n

=)

Mobilization, root uptake and sequestration
¢ Cation exchange by roots
¢ Transport inside cells by chelating agents or other carriers
¢ Rhizosphere effects

o)

Translocation : Metal absorbed by roots are translocated to different plant organs by the same

o)

physiological processes as are used to transport nutrients

o)

Tissue distribution and storage : The distribution pattern varies with plant species and element.
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Phytoremediation: A Promising
Approach for Revegetation of Heavy
Metal-Polluted Land

An Yan', Yamin Wang', Swee Ngin Tan', Mohamed Lokman Mohd Yusofz,
Subhadip Ghosh?? and Zhong Chen'#*

xylem transport

i

. HMs

%@? 'ﬁ-.-.;‘che!ate.HM
ch

organic acid elation Complex

A

) W-

chelator

transporter o )
detoxification
The organic compounds involved in
- °/ heavy metal ion chelation include
Schematc dagram showe e wiske = 7L/ TN L oraicaids, amino i
metals ih Iaﬁts . vy 5 phytochelating(PCs)metallothioneins
N piants. uptake -/ oy (MTs), and cell wall

proteins/pectingpolyphenols




‘

transformation

Increasing
Bioavallability of

Heavy Metals

S

transgenic plant ‘ i

metal-chelate 2
As 9 complex

A

¢ The strategies used to improve heavy metal

phytoremediation, including genetic
engineering, microbe-assisted, and chelate

assisted phytoremediation

j L J
: m
=
T >
Se
Chelation

“\_ citric acid
\ ¥/

chelating agents

v

Microb-assisted phytoremediation




Metal hyperaccumulation

¢ Hyperaccumulation  provides a defense against herbivores and pathogens, an idea
termed the 'elemental defense ' hypothesis

¢ The molecular mechanisms of metal hypertolerance and hyperaccumulation are likely
derived from alterations in the basic mechanisms involved in general metal
homeostasis .

¢ Genes involved in metal transport, synthesis of metal chelators and oxidative stress
responses are constitutively and highly expressed in metal hypertolerant and
hyperaccumulator  species.
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J. Environ. Sci. Technol., 4 (2): 118-138, 2011

Table 3: Examples of some metal hyperaccumulator and their bicaccumul ation potential

Plants Metal Bioaccumulation References

A. racemosus Se 14,900 mg kg* Beath et al. (1937)
Sebertia acuminate Ni 25% by wt. dried sap Jaffre et al. (1976)

Ipomea alpine Cu 12,300 mg kg* Baker and Walker (1989)
Berkheya coddii Ni 5,500 mg kg! Robinson et al. (1997)
Eichornia crassipes Cr (Vi) 6000 mg kg1 Lytle ef al. (1998)

Iberis intermedia Ti 3,070 mg kg ! Leblanc et al. (1999)
Alternanthera sessilis Cv 1017 mg kg™ Sinha et af. (2002)

Zea mays L. Cv Ganga 5 Cr 2538 mg kg ! Sharma et al. (2003)

Pierts vittata As 23,000 ug gt Dong (2005)

Sesbania drummondi Cd 1687 mg kg™ Israr et al. ( 2006)

Thlaspt caerulescens Zn 19410 mg kg? Banasova and Horak (2008)
Thlaspi caerulescens Cd 80mgkg? Banasova and Horak (2008)
Myriophyllium heterophyilum Cd 21.46 pg gt Sivaci et al. (2008)
Potamogeton crispus Cd 49.09 ug g7t Sivaci et al. (2008)
Sorghum sudanense Cu 5330 mg kg! Wei et al. (2008)
Phragmiies australis Cr 4825 mg kg1 Calheiros et al. (2008)
Arabis pamiculata Cd 1127 mg kg~ in the shoots Zeng et al. (2009)

Airiplex halimus subsp. schweinfurthit Cd 606.51 ng g ! DW Nedjimi and Daocud (2009).
Sedum alfredit Cd 2,183 Jin and Liu (2009)

Sedum alfredin Zn 13,799 mg kg™ DW Jin and Liu (2009)
Phytolacea americana Mn 32,000 ug gt Pollard et al. (2009).
Brassiea juncea Ni 3916 mg kg! dry wt. Saraswat and Rai (2009)
Potentilla griffithii Zn leaves (19,600) mg kg™ dry weight Hu et al. (2009)

Rorippa globosa (Turcz.) Cd 218.9 pg gt dry weight (DW) Sun et al. (2010)

Thlaspi praecox Wulfen Cd = 1,000 pg g~! dry weight in seeds Vogel-Mikus et al. (2010)
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Ecological Potential of Plants for
Phytoremediation and Ecorestoration
of Fly Ash Deposits and Mine Wastes

Gordana Gajic¢ *, Lola Djurdjevi¢, Olga Kosti¢, SneZana Jari¢, Miroslava Mitrovi¢ and
Pavile Pavlovic

¢ Strategies for As, Cu, Zn, Mn, Fe, Cd, Ni and Pb uptake by
plant roots from soil through different active transporters
(ATs);

¢ ZIP/IRT, zinc, iron regulated protein; COPT, copper
putative transporter; NRAMP, natural resistance i
associated macrophage protein; HMA-heavy metal P-type
ATPase; H'ATP, HA-proton efflux transporter; FRO -ferric
reductase/oxidase; PEZ1, phenolics efflux zerol; TOM1,
efflux transporter; YS1, yellow stripe-likel; NA,
nicotinamine ; MA, family of mugineic acids; LCT1, low
affinity cation transporter; GNGC channels, putative
transition metal transporter

¢ (B,C) ; Tolerance mechanisms for metal(loid)s in plants:
(1) binding of metal(loid)s to the cell wall, (2) chelate of
metal-organic acid on the outside of the cell membrane,
(3) active metal efflux from cells, (4) metal -chelator
complexes (5) compartmentalization or sequestration in a
vacuole;

¢ Ats, active transporters; MTs, metal(loids); OA, organic
acid; NA, nicotinamine ; AA, amino acids; GSH,
glutathione; PC, phytochelatines (D) .




Table 4: Concentrations of heavy metals accumulated in Veiiveria zizaniotdes roots and shoots (Truong, 1999)

GRASS

ROOTS

SOIL STABILIZATION, EROSION
CONTROL, AND

Vetivera zizanioides: has an ability to
accumulate multiple heavy metals in roots

Heavy metal Sail (mg kg™) Shoot (mg kg™1) Root (mg kg™) Shoot/root (%) Shoot/total (%)
As 620.00 11.20 268.0 4.2 40 g “4 CONVERTED INTO BRIQUETTES
D SN ; FORCOOKING
cd 1.66 0.31 14.2 2.2 2.1 5 —
Cu 50.00 13.00 68.0 19.0 16.0 p ﬁ USED AS THATCH FOR
Cr 600.00 18.00 1750.0 1.0 1.0 € ROOEING
Pb 730.00 78.20 87.8 87.0 47.0 § ESSENTIAL OIL AND CRAFT
Hg 6.17 0.12 10.8 11.0 6.0 = PRODUCTION FOR MARKET
i Q
Ni 300.00 448.00 1040.0 43.0 30.0 _g LIVESTOCK FEED: GROUND
Se 74.30 11.30 24.8 46.0 44.0 o / MULCH, AND SOIL
g RECONDITIONING

-
>
>

and shoots d good candidate for a wide GRAS  GROUNDWATER RETENTION
range of phytoremediation purposes. REMOVE NITRATES,
= PHOSPHATES AND HEAVY
| S 2 @ METALS CONTAMINANTS
- £
- 8|E J TOLERANT TO SOILS WITH
The root system of z P4 :'NGS :&%‘:ﬁ%mf““mw'
=

Vetiver grass in a
polluted wetland
under natural
conditions (Darajeh
et al., 2019)

3& DROUGHT AND FIRE RESISTANT

E CARBON SEQUESTERING

(a)

https://www.semanticscholar.org/paper/PHYTOREMEDIATION -POTENTIALOF-VETIVERGRASSFOR-Suelee/2039e68973178d85f5001d685c9e11391d8  ed409




Thlaspi caerulescens the only perennial weed that
. can survive In zinc and nickel contaminated areas,
. % adsorbing these metals by phytoextraction
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i
- -‘)A.-Ii’ .

OPEN @ ACCESS Freely available online PLOS pathocens

Metal Hyperaccumulation Armors Plants against Disease

Helen Fones, Calum A. R. Davis, Arantza Rico, Fang Fang”, J. Andrew C. Smith*, Gail M. Preston*

¢ Thlaspicaerulescensa hyperaccumulator of zinc, nickel, and
cadmium,vs. the bacterial pathogef®seudomonasyringae

¢ pv. maculicola(Psn) A hyperaccumulation of any of the three
metalsinhibits growth ofPsmin planta

¢ Metal affects the pathogemlirectly.

2025. 02. 19.
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Ecological Potential of Plants for
Phytoremediation and Ecorestoration
of Fly Ash Deposits and Mine Wastes

Gordana Gaji¢ *, Lola Djurdjevi¢, Olga Kostic¢, SneZana Jari¢, Miroslava Mitrovi¢ and
Pavie Paviovic

Mine waste In Serbia

¢ Plant growth promoting bacteria (PGPB) present a
consortium of bacteria that colonize different niches
of plant roots and they can degrade pollutants more

efficiently than a single species/strain . = s T lﬁ_ 'S
> - QB e — _FE—_Equisetmmsp.‘ R,

¢ Rhizobacteria, such as Achromobacter , Arthrobacter,

Azotobacter, Azospirillum, Bacillus, Enterobacter,
Pseudomonas, Serratia, and Streptomyces have
been found to have beneficial effects on plant
species in  metal -contaminated environments
because they can reduce the metal toxicity by
biosorption and bioaccumulation




TABLE 2 | Plant species grown on fiy ash deposits and mine waste workdwida.

Plant species Referances

FLY ASH DEPOSITS

Europe

Achilica millefolium, Agrostis larias, Calamagrastis apigeios, Chenopodivm rubrum, Cirsium Hodg=on and Townsend, 1973; Mulhern et al., 1984
ansensa, Croois sefosa, Oynodon daclyion, Daclylis glomarata, Davucus carola, Echium vulgara, =haw, 1996; Djordigvic-Miloradowic, 1998; Paviowic
Erigaron canadansis, Eqiussium sp., Epifobium hirsutum, Festuca rubra, Hypancum parforaium, ot al., 2004; Djurdievic et al., 2006; Mitrovic et al., 2008

Lirnara wwgaris, Lolium paranne, Lofus comicuisfus, Medicago sativa, Mallolus officinalis,
Oenothera blannis, Phragmifas communis, Plantago Bncaxats, Rasoada ufes, Aumax acalosolia,
Folygonum lapathhalivm, Proreus glomersius, Sonchus anvensis, Sysimbrium oranfale Fumex
obtusifola, Salsols kali, Silene vulgaris, Sinapis anvansis, Solidago sarofina, Sanacio vulgarns,
Sonchus cleracaus, Sorghum halspanss, Trifofum repens, Tussigo farfara, Vicia villosa, Verbascum
phiomaidas, Xanfium sfrumanum, Acer pseudopliatanus| Amorpha fruticosa, Gleditschia
triacanthos, Elsagnus angustifola, Morus aiba, Morus migra, RFobing peowdoaccacia, Rosa caning,
Fubus caasisus, Populus alba, Saliy atba, Tamarix tefandrs

A

¥ g p— "L 1 T F 2 - H- . -
=3ji¢ and Paviovié, 201 8; Gajic et al., in press

¢ Microorganisms in the rhizosphere significantly increase heavy metal availability and
uptake by plants (Vamerali et al., 2010; Sheoran et al., 2011). These microorganisms can
secrete enzymes and chelate into the rhizosphere, which lead to the formation of

heavy metal dchelate  complexes, thus improving

translocation (Clemens et al., 2002).

heavy metal uptake and

2025. 02. 19.




Plant spacies Bacterial strain References Plant species Bacterial strain/Fungi Referencas
PLANT PROMOTING BACTERIA (PGPBYMYCORRHIZAL FUNGI
Lolumn paranng Rhizobium eguminosanam Johnson et al., 2005 Lotus eduis Varnovorax paradoxusbC-2  Safranova et al., 2012
Trifolium repans Lotus omithopodicidas  + Masaorhizobium loff La2
V paradoxus 5C-2 +
Sinorfizobim sp. Mci
Elymus repens Bacilus megatanum (633) +
Bromus fectorum Azozobacter chroococum Petrisor et al., 2004
Cardaria drabs
Sorghum bicolor Pseudomonas montolil Duponnois at al., 2006;
Bacilus subtilis Abou-Shanab ot al., 2008  Sedum affredi + Phylobactenum Liuat al., 2015
Bacilus pumilis Meadicago sativa myrsinacearum RCEb
Psoudomonas
psaudoalcaliganas
Brevibactanum halofolerans
Saiix 2p. Psaudomaonas sp. Kuffmar at al., 2008 Veronica rechingar Glomus sp. Zarai at al., 2008
Janthinobactanium Ridum
Sorralia marcascens 283 mays Glomus infraradices Tumau et al., 2012
Havobiacfanum sp. Planiago lancoolata
Straptomycas sp.
Agromycas sp Salsola kali Glomus stunicatum Johnson, 1998

2025. 02. 19.
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What can we do with biomass? = -

opportunities

Helena I. Gomes

¢ One of the main concerns regarding phytoremediation is the crop disposal after phytoextraction processes.

¢ Sas-Nowosielska et al. examined various strategies
¢ composting, compaction, incineration, ashing, pyrolysis, direct disposal and liquid extraction
¢ Incineration (smelting) the most feasible, economically acceptable and environmentally sound.

¢ Ot her authors have defended the pyrolysis of hyperaccumul ator
metal concentrate, which can be processed for possible separation of the metal in a conventional ore -processing unit

¢ The addition of biochar (the product of pyrolysis) to soil has been also suggested as a means to sequester carbon, thereby
reducing the effects of human -induced climate change caused by CO , emissions

c'i‘ u
Aerobic degradation \‘@ Compost
+1 g

Biogas

Phytoremediation
Plant biomass

Higher heating value Thermal energy




Contents lists available at ScienceDirect

Journal of Cleaner Production

journal homepage: www.elsevier.com/locate/jclepro

Coupling phytoremediation of cadmium-contaminated soil with safe N

crop production based on a sorghum farming system

aS e S u y Zhi-Quan Liu *™", Hong-Li Li %", Xian-Jie Zeng “, Cheng Lu >, Jing-Ying Fu “*,
Li-Jun Guo ¢, Wilson Mwangi Kimani ® ¢, Hui-Li Yan ?, Zhen-Yan He 2, Huai-Qing Hao * 7,
Hai-Chun Jing > ¢

¢ Approximately5.6-38 103 tons of cadmium (Cd) are dischargeshually

¢ Easytransfer through the food chain and a lotasting biologicahalflife A terrestriatborne Cd has
potentially become one of the mosiazardous metallic pollutants to human beings and the
environments

¢ Globally, nearly 12 million hectares of croplamde contaminated by cadmium (Cd)

¢ Generally, Cd is absorbed by the roots of plants and trersported to the aboveground parts
¢ Root-to-shoot translocation via the xyleand xylem to phloem at nodes, then eventually into the grain

¢ Availabilityof Cd in the soik genetic background of the plant

2025. 02. 19.
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Coupling phytoremediation of cadmium-contaminated soil with safe
crop production based on a sorghum farming system
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