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www.journals.elsevier.com/environmental-science-palicy/

14- Agriculture, Ecosystems & Environment— Journal—If: 3.402)

www.journals.elsevier.com/agriculture-ecosysteng-anvironment/

15- Chemosphere- Journal — ElsevietK: 3.340)
www.journals.elsevier.com/chemosphere/

16- International Journal of Hygiene and EnvirontaéHealth, IF: 3.829

www.journals.elsevier.com/international-journaltofgiene-and-

environmental-health/

17- Agricultural Water Management — Journal — ElsevietK: 2.286)
www.journals.elsevier.com/agricultural-water-managat/

s e Alils Aad de sane Llla aad Springer saissd il s — 2
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1- Agronomy for Sustainable Developmelft: (3.992)
http://www.springer.com/life+sciences/agricultuoeijinal/13593

2- Air Quality, Atmosphere & HealtHK: 1.804)

http://www.springer.com/environment/environmentaath+-

+public+health/journal/11869

3- Archives of Environmental Contamination and Taogy (F: 1.895)
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http://www.springer.com/environment/environmentakitology/journal/244

4- Biology and Fertility of Soils (IF: 3.398)
http://www.springer.com/life+sciences/agricultuoeiinal/374

5- Bulletin of Engineering Geology and the Enviramh(F: 0.760)

http://www.springer.com/earth+sciences+and+geogi@olvironmental+

science+%26+engineering/journal/10064

6- Bulletin of Environmental Contamination and Taniogy (F: 1.255)

http://www.springer.com/environment/pollution+andsrediation/journal/128

7- Clean Technologies and Environmental Poll€y {.934)

http://www.springer.com/environment/sustainable-selepment/journal/10098

8- Ecotoxicology IF: 2.706)

http://www.springer.com/environment/journal/10646

9- Environmental Chemistry Letter$-( 2.573)

http://www.springer.com/environment/environmentdlemistry/journal/10311

10- Environmental Earth SciencéB:(1.765)
http://www.springer.com/earth+sciences+and+geograiology/journal/12665

11- Environmental Science and Pollution Resedfeh?2(828)
http://www.springer.com/environment/journal/11356
12- Environmental Geochemistry and Healt 2.556)
http://www.springer.com/environment/environmentadath+-
+public+health/journal/10653

13- Environmental ManagemenE(1.724)
http://www.springer.com/environment/environmentabfragement/journal/267

14- Environmental Monitoring and Assessmeht (.679)

http://www.springer.com/environment/monitoring+-
+environmental+analysis/journal/10661

15- Environmental Science and Pollution ResearcfiF: 2.828)

http://www.springer.com/environment/journal/11356

16-Journal of Soils and SedimentglF: 2.139)

http://www.springer.com/environment/soil+sciencefjmal/11368
17-Plant and Soil (IF: 2.952)
http://www.springer.com/life+sciences/plant+sciesigmirnal/11104
18- Water, Air, & Soil Pollution (IF: 1.554)
http://www.springer.com/environment/journal/11270
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1- Environmental HazarddF: 0.868)

http://www.tandfonline.com/toc/tenh20/current
2- Journal of Environmental Science and Healtht Bar
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Pesticides, Food Contaminants, and AgricultwaktegqIF: 1.202)

http://www.tandfonline.com/toc/lesb20/current

3- Soil Science and Plant Nutritigh~: 0.729)
http://www.tandfonline.com/toc/tssp20/current

4- Journal of Integrative Environmental Sciendés (.644)
http://www.tandfonline.com/toc/nens20/current

5- Australasian Journal of Environmental Managen(gnt0.917)
http://www.tandfonline.com/toc/tiem20/current

Oe 1aa 3 e de gana Lila jaai John Wiley & Sons by s&8 Jh —4
b Lo Lgaa] Gl & gum gy (3lais A iy )
1- Water and Environment Journdt:(1.344)
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-BJ.html
2- European Journal of Soil Scienté: (2.649)
http://eu.wiley.com/WileyCDA/WileyTitle/productCdJSS.html
3- Journal of Plant Nutrition and Soil Sciende: (1.459)
http://eu.wiley.com/WileyCDA/WileyTitle/productCde25.html
4- Environmental Progress & Sustainable Eneltgy1.403)
http://eu.wiley.com/WileyCDA/WileyTitle/productCdHENtmI
5- Environmental Toxicologye: 3.197)
http://eu.wiley.com/WileyCDA/WileyTitle/productCdaX.html
6- Land Degradation & DevelopmenE( 3.089)
http://eu.wiley.com/WileyCDA/WileyTitle/productCdfDR.html
7- Plant, Cell & Environmentk: 6.96)
http://eu.wiley.com/WileyCDA/WileyTitle/productCd&FE .html
8- Geo: Geography and Environment (IF:-----)
http://eu.wiley.com/WileyCDA/WileyTitle/productCd4302.html
9- Culture, Agriculture, Food and Environment (1)
http://eu.wiley.com/WileyCDA/WileyTitle/productCd{TAG.html
10- Wiley Interdisciplinary Reviews: Energy and Eowment (IF:---)
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-¥BN4.html
11- Physiologia Plantaruni; 3.138)
http://eu.wiley.com/WileyCDA/WileyTitle/productCdHR_.html
12- Environmental Microbiologyift: 6.201)
http://eu.wiley.com/WileyCDA/WileyTitle/productCdMN.html
13- Geological JournglF: 1.627)
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-Ghtml
14- Global Change BiologyK: 8.044)
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-GB.html
15- GroundwaterlE: 2.307)
http://eu.wiley.com/WileyCDA/WileyTitle/productCdABAT .html
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1- Annals of Botany (IF: 3.654)
http://acb.oxfordjournals.org/

2- FEMS Microbiology Ecology (IF: 3.568)

http://femsec.oxfordjournals.org/

3- Journal of Plant Ecology(IF: 2.546)
http://jpe.oxfordjournals.org/

4- Journal of Experimental Botany (IF: 5.526)
https://jxb.oxfordjournals.org/

5- Plant and Cell Physiology (IF: 4.931)
http://pcp.oxfordjournals.org/

s b 220160l (g0 i ge Sl pgedid) SSEN U Jadlly @y asl S puaal)
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(1)- Khalaf Moayad N (2016). Green polymers and environmental
pollution control. Apple Academic Press; Boca Raton

(2)- Angela Carpenter (2016).0il Pollution in the North Sea. The
Handbook of Environmental Chemistry 41, Springeednational
Publishhg.

(3)- Beidou Xi, Y. Jiang, M. Li, Y. Yang and C. Huag (2016).
Optimization of Solid Waste Conversion Process Rigk Control
of Groundwater Pollution. Springer Briefs in Envimental
Science, Springer-Verlag Berlin Heidelberg

(4)- Ramesha Chandrappa and U. C. Kulshrestha (2016Sustainable
Air Pollution Management: Theory and Practice. Eowmental
Science and Engineering, Springer Internationalishibg

(5)- Tinglin Huang (2016). Water Pollution and Water Quality Control
of Selected Chinese Reservoir Basins. The Handbadk
Environmental Chemistry 38, Springer InternatidPablishing

(6)- Dunn, Russell; Schnelle, Karl B.; Ternes, MankEllen (2016).Air
pollution control technology handbooK2dition, CRC Press

(7)- Tanya Wyatt (2016).Hazardous Waste and Pollution: Detecting and
Preventing Green Crimes. Springer InternationaliBhiing

(8)- John H. Seinfeld and S. N. Pandis (2016Atmospheric Chemistry
and Physics: From Air Pollution to Climate Chang¥iley; 3“
edition.

(9)- Ronald M. Heck, R. J. Farrauto and S. T. Gulat(2016).Catalytic
Air Pollution Control: Commercial Technology® Edition, Wiley

12



sl & gl Ja¥) )

(10)- Vandana Shiva (2016)Water Wars: Privatization, Pollution, and
Profit. North Atlantic Books

(11)- Walter Leal Filho and U. M. Azeiteiro (2016).Climate Change
and Health: Improving Resilience and Reducing Rigkfimate
Change Management). Th& dd., Springer

(12)- Mira Petrovic, S. Sabater, A. Elosegi and DBarcel6 (2016).
Emerging Contaminants in River Ecosystems: Occogeand
Effects Under Multiple Stress Conditions. The Haowlb of
Environmental Chemistry Series Vol. 46, Springer

(13)- Magalie Lesueur Jannoyer, P. Cattan and T. Wgnier (2016).
Crisis Management of Chronic Pollution: Contamidateoil and
Human Health (Urbanization, Industrialization, andhe
Environment). CRC Press

#20160ke (& L 3 o3 A I Y (ayadl) 5 250 b Leth i of (S Y

& Y e iU Judl anl (e 8aaly (& S (e ALl (i pas 5 88 555 O (50

L sla S ALl a5 Y1 gl alle 3 e 5l il ) 5 a1 asle s
AL 238 e N i€l Ao gana OY) (ia Leie jaa s Soil Biology™ 4l

rena Sherameti
Ajit Varma Edirm;s’

Detoxification
of Heavy Metals

.‘. ’4‘
Irena Sherameti ),-"' Erika Kothe f /
Ajit Varma fdfror.;f’ Ajit Varma Edn‘m’/
s - s -

Heavy Metal Bio-Geo Interactions
Contamination

in Metal-Contaminated

% Soils
of Soils

Monitoring and Remediation

List of Soil Biology Series:

1- Alessandra Zambonelli, M. lotti and C. Murat (20L6). True Truffle
(Tuber spp.) in the World: Soil Ecology, Systematiand
Biochemistry. Soil BiologyVol. 47)

2- Mukesh K. Meghvansi and A. Varma (2015)Organic Amendments

and Soil Suppressiveness in Plant Disease ManagenSl
Biology (Vol. 46)
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3- Lala Behari Sukla, Nilotpala Pradhan, Sandeep Rada and Barada
Kanta Mishra (2015). Environmental Microbial Biotechnology.
Soil Biology (Vol. 45)

4- Irena Sherameti and A. Varma (2015)Heavy Metal Contamination
of Soils: Monitoring and Remediation. Soil Biolo@yol. 44)

5- K. Sowjanya Sree and A. Varma (2015)Biocontrol of Lepidopteran
Pests: Use of Soil Microbes and their Metabolit®eil Biology
(Vol. 43)

6- Dilfuza Egamberdieva, S. Shrivastava and A. Vara (2015) Plant-
Growth-Promoting Rhizobacteria (PGPR) and Medickiahts. Soil
Biology (Vol. 42)

7- Zakaria M. Solaiman, Lynette K. Abbott and A. Vama (2014).
Mycorrhizal Fungi: Use in Sustainable Agriculturexda Land
Restoration. Soil BiologyVol. 41)

8- Asuncion Morte and A. Varma (2014) Root Engineering: Basic and
Applied Concepts. Soil Biologfvol. 40)

9- Nagina Parmar and A. Singh (2014) Geomicrobiology and
Biogeochemistry. Soil BiologgVol. 39)

10- Varda Kagan-Zur, N. Roth-Bejerano, Y. Sitrit and A. Morte
(2014). Desert Truffles: Phylogeny, Physiology, Distributi@and
Domestication. Soil Biolog{\ol. 38)

11-Ricardo Aroca (2013).Symbiotic Endophytes. Soil Biologyol. 37

12- Benjamin A. Horwitz, P. K. Mukherjee, M. Mukherjee and C. P.
Kubicek (2013). Genomics of Soil- and Plant-Associated Fungi.
Soil Biology (Vol. 36)

13- Dharmendra Kumar Gupta (2013). Plant-Based Remediation
Processes. Soil Biologyol. 35)

14- Alessandra Zambonelli and G. M Bonito (2013).Edible

Ectomycorrhizal Mushrooms: Current Knowledge andtuFau
ProspectsSoil Biology (Vol. 34)
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15- Ajit Varma, G. Kost and R. Oelmuller (2013). Piriformospora
indica Sebacinales and Their Biotechnological Applicatio®oil
Biology (Vol. 33)

16- Ebrahim Mohammadi Goltapeh, Y. R. Danesh and AVarma
(2013).Fungi as Bioremediators. Soil Biologyol. 32)

17- Erika Kothe and A. Varma (2012).Bio-Geo Interactions in Metal-
Contaminated Soils. Soil Biology/ol. 31)

18- Irena Sherameti and A. Varma (2012)Detoxification of Heavy
Metals. Soil Biology(Vol. 30)

19- Bhupinder Pal Singh, A. L. Cowie and K. Yin Cha (2011)). Soil
Health and Climate Change. Soil Biolo@¥ol. 29)

20- Ajay Singh, N. Parmar and R. C. Kuhad (2011)Bioaugmentation,
Biostimulation and Biocontrol. Soil Biologiol. 28)

21- Niall A. Logan and P. De Vos (2011)Endospore-forming Soil
Bacteria. Soil Biology{Vol. 27)

22- Else K. Bunemann, A. Oberson and E. Frossard Q21).
Phosphorus in Action: Biological Processes in Sellosphorus
Cycling. Soil Biology(Vol. 26)

23- Mahendra Rai and A. Varma (2011)Diversity and Biotechnology
of Ectomycorrhizae. Soil BiologWwl. 25)

24- Ayten Karaca (2011)Biology of Earthworms. Soil Biologyol. 24

25- Guenther Witzany (2011). Biocommunication in  Soil
Microorganisms. Soil Biolog{\Vol. 23)

26- Girish Shukla and A. Varma (2011).Soil Enzymology. Soil
Biology (Vol. 22)

27- Patrice Dion (2010).Soil Biology and Agriculture in the Tropics.
Soil Biology (Vol. 21)

28- Athanasios P. Dedousis andT. Bartzanas (201@oil Engineering.
Soil BiologyVol. 20
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Environmental Chemistry for a Sustainable World 3es
rsd ) 7 oY s Lgie jaa A g
1- Pollutants in Buildings, Water and Living Orgsmis {/ol. 7)
2- Hydrogen production and remediation of carbath poilutants Yol 6)
3- CO, Sequestration, Biofuels and Depollutiafo(. 5)
4- Pollutant Diseases, Remediation and RecychMdi. @)
5- Green Materials for Energy, Products and Defioltu\Vol. 3)
6- Remediation of Air and Water Pollutiovdl. 2)
7- Nanotechnology and Health Riskq(. 1)

Alal) o34 S Jgamd 5l gl Ao gana i lide i  adlanls il i A
r 55 A Y] EE alae YL el e
(1) Chapter 6: Selenium and its Role in Higher Planéol. 7)
(2) Chapter 4: Selenium Phytoremediation by Giant Re¥dl( 6)
(3) Chapter 5: Selenium in Agriculture: Water, Air, Soil, Plantspod,
Animals and Nanoseleniurv¢l. 5)

Handbook of Environmental chemistry=€ aluls ¢lta of SAlL sl
‘oA 1 aaie oz 15k jaa 22016( s 20) 0¥ Ha i Ha

1- Mar Viana (2016). Indoor and Outdoor Nanoparticles: Determinants
of Release and Exposure Scenarisl.(48)

2- Tamim Younos and Tammy Parece (2016)Sustainable Water
Management in Urban Environment&(. 47)

3- Mira Petrovic, S. Sabater, A. Elosegi and D. Bael6 (2016).
Emerging Contaminants in River Ecosystems: Occogand Effects
Under Multiple Stress Condition¥@l. 46)

4- Despo Fatta-Kassinos, D. D. Dionysiou and K. Kimmer (2016)
Advanced treatment technologies for urban wastewatese Yol. 45)

5- Despo Fatta-Kassinos, D. D. Dionysiou and K. Kimerer (2016)
Wastewater Reuse and Current Challenyes. @4)

6- Antoni Munné, A. Ginebreda and N. Prat (2016)Experiences from
Ground, Coastal and Transitional Water Quality Mamng: The EU
Water Framework Directive Implementation in thedla River Basin
District (Part 1) {/ol. 43)
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7- Antoni Munné, A. Ginebreda and N. Prat (2016) Experiences from
surface water quality monitoring: the EU water feamork directive
implementation in the Catalan River Basin Dist(feart 1) {/ol. 42)

8- Angela Carpenter (2016)Qil Pollution in the North Sea/pl. 41)

9- Andrea Scozzari and Elissavet Dotsika (2016)Threats to the
Quality of Groundwater Resources: Prevention ancti©b(Vol. 40)

10- Igor Liska (2016) The Danube River Basiv¢l. 39)

11-Tinglin Huang (2016) Water Pollution and Water Quality Control of
Selected Chinese Reservoir Basivisl( 38)

12- lvan Bergier and Mario Luis Assine (2016).Dynamics of the
Pantanal Wetland in South Americéo{. 37)

13- M. Silvia DiazCruz and Damia Barcel6 (2016).Personal Care
Products in the Aquatic Environmend|. 36)

14- Detlef W. Bahnemann and P. K. J. Robertson (26}
Environmental Photochemistry Part M dl. 35)

15- Gilles Lefebvre, E. Jiménez and B. Cabarfas (28)1 Environment,
Energy and Climate Change Il: Energies from Newddeses and the
Climate Change\ol. 34)

AS 5d DA (e i 5S3 BLE A5 yal o & 5) CRC Press_ddl s &l LS

ayl sl 38 5 551 (A3 219034l Chemical Rubber Companyl haall
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et Al Sl Judls (e Al 949

Advances in Industrial and Hazardous Wastes Tradt®eries

Environmental pollution and its types4s)sil 5 ) &iglil) —2
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Book Chapters (46 631),
Reference Work Entry (1 777),
Books (326), etc.
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8 _maiall Aag )Y sedll cueai S Eun 550 4328511 LS Jaee Jea 5 Lagle 31
Al Gl e gum san (fialall 5 allad) alaia) (500 Sy Laa 3 0 22361 52 220160«
el s g S Lage

Jriy (1585 (g ha B jle (A — Cagre g8 LS 5 — Ll Gl ()Y e Wl
s _Saall e sanall 4y a5 Blall 4y s s ddlisall (=) S8 cllee 5 Jalse
Lo sin) (mg il Sl ey oo g W e 5 il yhd 5 cllada 5 L S (e ddlia)
S¥are e sl Ll g geall BLa e 55l 38 s & gaaall 5 /5 danal) cliglal) e
Y s Y gl o3a 2yl Jasusiill (g L e 451 ) ia,Y) o8 L)

What is pollution? GNP IN PP PR A
Why is it important? lage o glill riny 130l
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How do pollutants change once in the environmefit <l dladl Sy L
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(1) —Environmental Pollution(1970; Elsevier),

(2) —Water, Air and Soil Pollution(1971; Kluwer, now Springer), and

(3) —Journal of Environmental Quality(1972; The American Society of
Agronomy, Crop Science Society of America, and Sfsience
Society of America).
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:Jia

Mirsal (2004), Stengel et al. (2006andMohammed et al. (2011)

2T G Jie Dpapadal) LS all (mmy Canialy A8 A eaa D) Sl ) B350
Gy ganty Jy dasd o) gl Ao peatiy V Ca sl ld elly e g el all (e saanl) ol o0 S
oy eliasall o sl sl 5 ) all 8 dliee 48l D) o a8 )l a8 sl )
S Coaslad 5 Ligbasl g Lapbll S pdl ") judy Sl 6 JaY) mes
I b gai C¥ o ik gf oluadl of 4l ulin¥) of £ 9 S A (o455 A Lo lad)
SIS g lady) daa o Luse 5 gy of D 35 Laa Luilitl) Leded) | 6 J3 /01
van der Perk (2013 oo 2,5 LS "Ll
8 5mSl LIl Al i Jans o1y 2 5 0 Lead Ja iy 0 9 Y <l slall (o JaaDla
Sl gl pranll o Gl e s sa g @l e e Jand ol 5 anliall e la 3 5 oSl
ps o Lo Bl Cladannas Lo gla)y 5 S (o85S Cilaay (lisle ol el 4 )
Sl a5 S Alisle ) clislall ads 8 Lagas 5 . peall Caa) 5 clislall Jons
450 Al 5 primary pollutantsalsl <Gk s Macro- and micro-pollutants
die Siglall sagl dagii el Gigaa ) IV i Cus secondary pollutants
A glas e lal Aagin il slal sda (g s<E ) el DAY Lai A3l Jass gl sy e
Lol Gund oo o clfslall andis LAl 5 V5V (g 1y pin B (a5 2l 25l
L il ¢ persistencéiudl Ll Jae b JLas) sae dosbasll 5 bl leailad
toxicity isem Jaza BEUP ecosystemginll sl e
5 Amdiall o) gl 5 ALEN paliall 5 ldrall 8 Jiaiis ddall cligld) aal e Ll
i G did) JSLa Eana 4 1) of el b i clisla (A g 4y gaandl il lall IS
A Al Ciladaiall 3 il yae ol B_uilae 48y ylay < glall 228 Jgaa s il eV (e
Lgadins 3y 51l Cilisle i3 5 pOINt SOUrCEUi slall 038 jume dpeal jelas Cua 4, i)
Ll aass ) e gomal) Ly B8 Gl 2l S T oSl il o
fel LS 4 il Clisle da ) (S 58 e CliaSy
Type of soil chemical pollutants
(1) — Macropollutants:
- Acid deposits
- Fertilizers (mainly P and N)
(2) — Micropollutants:
- Inorganic pollutants: heavy metals, radionuclidesetal-
nanoparticles, electronic wastes, etc.

- Organic pollutants (pesticides and non-pesitgidacluding
pesticides, polychlorinated biphenyls (PCBs), pgtyic aromatic
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hydrocarbons (PAHS), organic solvents and pharnieetuwand personal
care products (PPCP@lirsal 2004; Li et al. 2019

ale e (V1 el GO JBA @i Al VA any S35 il il (Say

b i A g ARl Ay il Gl oyl a4 il Gl e ey el ) 522016

A yie gl clalaall gl ol gally 4 Al Gl G 5 ALEN jealially 5 lanally Al Gl

PRt A EON |

(1)- Soil pollution with pesticides (e.g., lindanspproturon, atrazine)
such axDuyang et al. (20164, b), Boulahia et al. (201&8un et al.
(2016), Haddaoui et al. (2016), Lichiheb et al. (28), Lou et al.
(2016), Yaqubi et al. (2016), Tang et al. (2016),ukhar et al.
(2016), Alvarez-Martin et al. (2016a, b), Gao et a{2016)

(2)- Heavy metals (e.ggadmium, copper, mercury, arsenic) such as
Azarbad et al. (2016), Lin et al. (2016), Chen el.a2016), Liu et
al. (2016), Yakun et al. (2016), Deng et al. (201&utiérrez et al.
(2016), Zhang et al. (2016), Smart et al. (2016)aR et al. (2016),
Ran et al. (2016), Mahar et al. (2016)

(3)- Nanoparticles or nanomaterials such Serbatly et al. (2016),
Durenkamp et al. (2016), He et al. (2016), Nguyen al. (2016),
Rasulia and Mahvi (2016), Li et al. (2016), Yirsavet al. (2016),
Xue et al. (2016), Moftakhar et al. (2016)

(4)- Acid deposits (e.g., sulphur dioxide: S@itrogen oxide: NQ which
are transformed into sulphuric acid,&0,) and nitric acid (HNG)
(such asvioiseenko and Bazova 2016; Moiseenko et al. 2016)

(5)- Municipal wastes or sewage sludge (suclZlasng et al. 20164,
Antonkiewicz et al. 2016; Zhang et al. 2016bBonomo et al.
2016; Babt et al. 2016;Sevik et al. 2016; Mohamed et al. (2016);
Tai et al. 2016; Jin et al. 2016; Moretti et al. 206; Szabo et al.
2016; Phoungthong et al. 2016; Yobouet et al. 201Btohapatra
et al. 2016)

(6)- Industrial wastes (e.gSubrahmanyam et al. 2016; Senthivelan et
al. 2016; Krishna and Mohan 2016; Gelmanova and Fatov
2016; Sikka and Nayyar 2016; Sigalos et al. 2016k#tola et al.
2016; Deng et al. 2016)

(7)- Mine wastes (e.gRan and Li 2016 Rodriguez-Vila et al. 2016;
Tozsin 2016 Bori et al. 2016 Novak et al. 2016 Gutierrez et al.
2016; Lam et al. 2016Liu et al. 2016 Nawab et al. 201%
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(8)- Organic pollutants: including cyanide: CNpolycyclic aromatic
hydrocarbons:PAHs, polychlorinated biphenyls: PCRBspestos,
methane (e.gXu et al. 2016;Kastner and Miltner 2016; Li et al.
2016 de Solla 2016; Cetiret al. 2016; Wu et al. 2016; Sannino et
al. 2016; Yamamoto et al. 2016)

(9)- Radionuclides (e.g., radioiodinEl, radiocaesium?*'Cs or**'Cs,
and radiostrontium®°Sr) such aakahashi (2106), Nagao (2016
Lin et al. (2016), Montes et al. (2016), Wang et.al2016), Jibiri
et al. (2016), Karatash et al. (2016), Ohta et a2016)

(10)- Upward seepage of contaminated groundwatgrais® be a source
of contaminants in the soil profile (e.dNazarova and Nazarov
2016 Li et al. 2016 Rehman et al. 201p

(11)- Electronic wastes or e-wastes (eRBgiyuan et al. 2016; Awasthi
et al. 20164, b; Bisschop 2016; Long et al. 2016uén et al. 2016)

(12)- Fertilizers (e.g.Chen et al. 2016; Antolin-Rodriguez et al. 2016;
Prashar and Shah 2106; Baldi et al. 2016; Yang et.&2016)

B peaall llia) e Lalas ciliag dpe )y 31 (glalial) B 4y 3 Gagli o S uaal
=al Y ol &gl ea e urbanizationeadl s Asadl jis Cua yrban soils
iy A (e i U 5 ALEN paliall 4 jemally Ay ) Eagli jalias Jiah Cua
Ll cps 4 exhaust, tire-wear debris particleg bed! adlse 5 5l
Cleliall 5 ailbaall cilisle 5 andl) Gl jin) b Jiati juasll 8 2 il Gl il deliall
Al Gl alae Jias LS il el aibas 5 ) pbeat cilelia 5 Ayl
iyl Clllee #3153 G 5 household garbagéitiell asld i cildlie 3 jeaslly
raniidge) )l shliall 8 Laiy s sl o) sedl (o daliaall il 511 5 (3 k) il o e
aolre o LS ey 5 cilanadl 5 saand) Jglas 8 Cal pu) 34 il ¢ gl jalias
Ge Sl A e 32l 355 Le Ay pudand) glalially 4y A gl i jdige aal Jal
Lalad) il jiiall g @laall) jumadly Canlll 5 el (SLL JulY) daa e 4 ) il
Jsy i G bl pall (e paadl 5 2l Caa il Cus (public children’s parks
e sliie Yl e 0¥ SLY) o3¢ playgroundsiede Julyl caely &l o saae
& o s e aallly 580 QLY Loy eling Cun clighe 5T e Ll (g oS 5 Lalas
pdlse 5l AL jalic (e skl dpe i e el aaiay Cun 3 IS () ey e Al
dsay DA e Jub dhay clisladl sda )yl o daadle ae e Sl )
oral ingestion, inhalation, oflall & e s Glasiuy! s adll 5 )k e agabual
Lgaany Slaal S 3_allall oda a3l il il aal e Wl 5 in @ dermal contact
b Ladd
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1- Bosnia and Herzegovin&gpcanin et al. 201p

2- Italy (Imperato et al. 2003; Bretzel and Calderisi 2006

3- Norway (artun et al. 2003; Ottesen et al. 2008

4- Swedenl(jung et al. 2009

5- Brazil Figueiredo et al. 2019

6- Serbia Marjanovic et al. 2009

7- France Glorennec et al. 201}

8- Nigeria Popoola et al. 201p

9- Hungary Puskas et al. 2014

10- Poland (Aleksander-Kwaterczak and Rajca 2016tef et al. 2016)

11- China Qiang et al. 2015; Wang et al. 2016)

12- RomaniaGagiu et al. 201%

13- Egypt Shurvilin et al. 2010; Abdel-Latif et al. 2013; Faghly et al.
2014; Shaltout et al. 2016; Abu Khatita et al. 2016

il o) g do il sl o) ALl o sall dsay e pamn ged Ag il Gigli e Wl
cldlae 5l Al 5 jlin 4 pame lilae 5 delad) o ge 5l 4 pme cligle ol ALE jualic
o3 5 la ye g i gall 5 i galll Jia i g SV 5 36aY) 5 3l sall (o i A5 i)
X ¢ 4l de ) idl cllall daaall JSLEA 5 ) pal) Gigan b e el Gl
gl ile g o T pila el OIS ol A il 03 re dalaiy 53 @ saadl 5 il
pa CilS gl gu A gl Gl Cuganl sai N Jila gl 5 GOl e wasll 5 sl Gllia
5 Claall aladiin) (8 Lol Y1 Jadid 3 dlall 3okl e Wl 5 ydle e ol 3 il 3kl
Glabodl Jaa & Jicmd 5 pdladl je 3okl Ly ddida) Lelicall clalial)  saeud)
(29148, dg%) Jpall laa) 5 AY lSa (e Gl slall 23] AL

Table 1: Heavy metal concentrations (mg Rgin soil observed in some studies
(adapted fronti et al. 2014

Site (*) As Cd Cr Cu Ni Pb Zn Hg

China (72) 1955 11.0 84.28 2119 106.6 641.3 1163 3.82
Iran (3) 146.2 149  ---- 88.40 ---- 1002 363.4 3.13
Spain (16) 1919 6.59 63.20 120.8 28.35 881.8 465.8 52.9
S Korea, 70 70.08 199  ----- 79.09 220 1111 1832 1.12

Vietham (3) 3144 135 1501 271.4 2254 30.63 411 @ ----
India (5) 18.62 3.82 1509 63.49 1069 304.7 338.8 ----
China (21) 15.00 0.88 76.8 99.2 99.6 613 133 0.35
China (9)  ------ 203 109.2 149.6 56.75 238.7 6559 ----
China (12) 10.18 0.43 58.87 31.71 27.53 37.55 117.7 0.24

* The number of examined mines, for China (21) bgkurban soils, for China (9)
belongs urban road dusts, for China (12) belongsw@tural soils.
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Table 2: Threats to soil resource quality and functionimgler increasing intensity of
agricultural management (adapted fr&mith et al. 2106

Agricultural Specific issue  Distribution Major environmental Knowledge
management consequence gap
practice
Cropping Harvest Global Soil quality and Impact on total
practice frequency resilience C and nutrient
cycles
Monoculture  Global but Soil health, pesticid¢ Biological

particularly in residue in intensively resilience
developing and managed monocultures

transition
countries
Use of agro-  Over Particularly in ~ Soil acidification, water Rate reducing
chemicals fertilization some pollution, NO emission vs. balancing
developing and nitrate accumulatior
countries
Irrigation Submerged Developing Water scarcity, methan Trade-offs C
Rice countries, Asian _emission and water
Arid/semi-arid = Arid/semi-arid = Secondary salinizatior Competition
regions regions water scarcity use of water
Livestock Overgrazing | Largely in Soil degradation, wate Forage vs. feec
management developing storage, C loss crops?
countries
Industrial Largely in Waste pressure, wati Safe waste
breeding industrialized pollution, residue of treatment and
and transition | veterinary medicine an recycling
countries antibiotics
Agriculture in  Wetland Developing and C loss Agro-benefit
wetlands drainage transition vs. natural
countries value

daiay Sl Yl Gl Lelana (A ed A Al igli ¢ dadll ) ) abi e Ll
s pudl (& (Al 5 soil healthdo i) sass lld S 358 5 Slall 5 () saadl 5 Gl
S o A iad 5 Gl Al o US ea e o) Y Lasa 4l Laliall iy
Sisli )l adY S 5 JSS el ) QUi e sging 5 s sma s Al
DA 5 A oa sl g sl 5 sk e ) 8 Jial laaai de) 5l e 4 )
i) 5 sl Ay il i a8 8305 5 Al e e (e Al Dl 5 el Apali) e
o g 13 A Ay Al i ()58 pae Sagas i o (S Y LS
LAl @ (A L) st 548 jee 3 Jiaid 4y Al gl e i) Ldis (e Ll
QS 5 gan cpa A i) ey Sl ailie Ciuiat 05l 6 WS 5ol (g 5 Le Saslill ) selal
5 82and Cguaall 5 Rl aladiaYU Al @l e dids Jasl 5 & il Gl Ggaa
b Lain B slall g il (LT iy 1388 5 Lagy A il gl (8 ol 8 LSy il
clilie ol sl aia 5 aa IS Lee Jalaill rony 2SU 0S8 dpeliall clgldl Al
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sl Ay g ) Ao Liall clalaall o3 il o) gus Aledl) 038 ay yad g o Ul Laie 4 il e lia
bl Leie ol Lda culalaal) oda dlalae oy b Aokl 8 gl o S o 4 jie s
Akl 5 Gyl daa o Say Lo ladl e dpeliall cligladl el s gy dalall
e Ll Gl I8 (3 5k alaed e cililalll recycling st ddee aakally 5 JSS )

lalaall o2a Jiad JiaY) alasinyly Jo 3Oy

Water pollution sleal) Eigli —

GIAN 3,08 5ol 5 mum g il LIS B e 17 aae apySH o all plall AalS @ 83
dVa abiel e il dlea @S 5 el g 5 (il 138 dakie e 3 0e i g il
o Ju a5 Bl 5 s oo sal 13 5Las 5 0 s<5 Aadae (8 @llh IS o g 43,38
e M g ailas A e Sl Calllally auliall ¢l 3all Glall e ankaal) GHLal) 5 8
Sl iy 5 el s 15,08 gdaa ) IVa e elld je g liall e ol 5 BlA 6 L)
Can allall 050 e dpaadl Lgie iley i) Al Llcadll jladl e 4l ciladasall i oluall
oaibad (o g Al Cladasdl) o3l Wy 5 &y uanl) je 5 4 suandl skl J g s
Aanay yuai Sl Ll T jaae (555 5 elaall oda Jasd o die iy (63 e olyall o8
OV LS 5 58he e ) 55l A8y sl olld IS o) g JSS ) alaill 5 (sl 5 lasy)
sobaall &gl sallae aal Jal 5 elld 2 5l eliva ol ol ) o han ()5Sy 38 i slall o2
b s Lo gl 5 (5 5Y) el cllee 3 Ll EY) ge Al cilidaally ALl
A ey Laa olaall 028 mdans Je lladall CafS gad gie min Sl 5 Eutrophication
b38 s ae lant) (358l (5075 Las olpall 03¢y led Al dpad) S 5 @llandl ¢ guzall
Leanl ) slaasae ailh L oluall Casli g gim ge Jongy Lo e 5 S

olaall & gli jabeas ol ilead —1

olaall &l e Aadlill iyl —2

> )5S0 ) Gl 8 Lay ol S5l 2 3e (350 -3

e 4l aren pand allall jias 5 daal sae 2 dpallall bl 2ot @ ) daily
b WS water pollutionsleal) igli ) s

sciencedirect! gds — (1)

CilS (32016010 15 a5) @ sall 1ag slaall G sl & gum g il gl Al Clliliasy)
5 Aalal) VU 85 50 292138 (ebaall k) A gidl) o3 <y S5 Cam N gl e
12 OIS (s (8 265688Allall iy sall 5 el S Jaxe S 5 W e 5 Sl
Causiie) deasll ass in 22016 il S 5 530 32789 slad (i< & Janal
30 12096048 (s
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Springerlink sy adsa — (2)
sle Jaradl 1aa Jualdi CilS 53 50 259724 ) obiall &l Al gaa ) )SS Jame Jiag
Ml s
Articles or papers (169 094),
Book Chapters (85 630),
Reference Work Entry (3 733),
Books (1 052),
Protocol (183), etc.

PubMed ) g s« — (3)

e Jia g i () (amd sall (e JB1 a8 gl 138 3 olall gl A il S5 Jane
932 Al 5a 22016 (1 5 maiall Ay )V 5l Canai S S 550 41850 LISl
olaall Gl e g gay rialill 5 allall slaia) (520 (puSay Laa 3 e

il cldl S water bodiesisile) laall (e sae g5l Gia Losae
sl e Sl groundwaterds sl oLl 3 Ji<i aqueous environments
) Al clilall s wells DY) sl rivers Uy si marine watersasall
elall) o ol g el il a5 daliaal) il el Ll daai G 5 W e 5 aquifers
0558 5 Gl daa Lo o il Joay JS5 5 jalie e 48 Hhay o Ley (s ) AL)
el Lo puall clilie dallae Cilhaae Alla 8 LS Gl ame dlay & Al (5 jladl)
non-point <l jiae e Tue dald) el &l (&5 0 point sources
i O S Y 5 Al BaanL Gl Jie il slad) alae & Jsl) g8 WS sources
& WS Gl jeY) (e aaally agiiloal in Laa 4 gall sliall 038 (o s Qe Gians ¢
Dbas A yo 5 aiiil dalall 3 )5 pdall CilS L (e la g2 Gphandd 5 jeaes Byae (Bl
il slall waY a e il et b Laid s e 65 g Lea Cslill il gian (a5 4 sl oLl
Alall g jlaall gl Al
ol el a8 jalias aal (e Agoedd) saenl it Adamal) Baaud) — 1
gl Jany S Lgaladins] o ol ) Alla (8 lly 5 alaall gl Loy U oSa 5 il
e Al (o olaally Ay JSUIL ade i Lee oglil) 138 Slasd ) Uaill 5 JalSIL
Gl ol Ao i LS Ald) (5 jlaall o3 Al claBU &l puall 5 dSan g 5l 3
hal 5 ol 8 lealadin) a4 0 Al 845 slal) olaal) 028 dlalas oIS p &5 ) Cua
V) st sdll 5y e osiad Al saand) a dlall (5 jlaall ¢l 3l Baand) aal
5 glall o3 Lalas il Ll s i il o i JS (350 4
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5 LY o cligldl jhal (e adbadl cililie i LS adlaal) clilia — 2
) e ol ele (b padiad Al Aals 5 Alall (5 laalls Lepay apme 281 S A
daelalY) 54y, 0l il ge b )sha JEY Clighe & sl e
plaiul) dany Glanally 4kl (5 jlaall Sigli (s s 4 rGlaally &0 — 3
aabiadll e 30 Ao (55 Al Clandl ciid) e il
Cleliall b sl skl e Caai L Tie b 4 5 rdod g SSY) bl — 4
22 recycling Jusy mual 5 ol allall 4slg Gy d8ds A A 5 A )
Jslall jUa) & colalaall o3¢ J ol alag) 8 dediiall Jsall (3sladi g aie Y 1 el chlalaal)
Ay Baad AN Al
A5l Jaleall 5 cildfiinadl clalia 8 Jias bl oda rdaaal) cGldll) — 5
Ao saaal Jlall (o le aday daafiall Jsall (lamy o 8 Cua doe leSY) clladl) ) 4Ll
b A o daalil) Jsall ol ol i 8 coblasl) sda s Julia daalil) Jgall 8 48 55 el g
S il il aead daall e 5 shall giie b bl oda el 5 daaBY) Lale
saidlls Aliad) 31 ga g dadlal) 3l gall — 6
Pharmaceuticals and personal care products (PPCPs)
dpaiill clalaaiunl) o ge) awall Al Oge 5 (V) Ladadl o) gall s
gl Aaild calan ) Ly agal) Aaall 4 Sl S yall 5 3l sall aal (e (Aasall
Lo 88 Sl 38 5 Jsnay b (o 70 Laa Hhaill ddila 3 ) pacy Lgwladin] (8 a5l s
O wall (& Al sbad (i) aadll (o Al 5 A sall obiall Leie 5 Al (5 el
Clag il sy il o dB pumaid) alladl Jgo oSl S 5 alladl 8 (SLY)
sda 23t 5 Avilall Ciladaall ) gall 038 Jia Juag a3 Al ol 8l 5 Regulations
rshibe 3 sall 038 A8 ol g4 a JS5 Cilay il
— 5, adl cladla — QYT clabicas — ciadiall — Gl — &y gall clalicadll
e OESH — Jaeatll G pantiiie — ghaall — &l jedadll — Al jall Gilalias — Glaldia
LS dilide ol 32 Y sy bl ol 5 Sl e andias il 5 AY1 Akl o sl
o el Cynm 388 L (g A s 038 Bpaal 5 plaed Tk 5 (3) Ady Jgdadl b
lgaliaial 5 Gludy) daia o Ll pils 5 il glall 28 48 ja e g Ll dalell YR
(o LS e g gall e @l ye 5 clilial) 35k (e

Bu et al. (2013); Liu et al. (2013); Li (2014); Let al. (2014); Jung
et al. (2015); Subedi et al. (2015); Sui et al.1&0) Wang et al. (2015);
Wu et al. (2015); Hopkins and Blaney (2016); Gaale(2016); Wu et al.
(2016).
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Table 3: Classification of pharmaceuticals & personal gaaducts [iu et al. 2013

Main categories | Subgroups Representative compounds
Pharmaceuticals | Antibiotics Clarithromycin, Erythromycin,
Sulfamethoxazole, Sulfadimethoxine,
Ciprofloxacin, Norfloxacin,
Chloramphenicol
Hormones Estrone (E1) Estradiol (E2) Ethinylestradic

(EE2)

Analgesics and anti-
inflammatory drugs

Diclofenac, Ibuprofen, Acetaminophen,
Acetylsalicylic acid

Antiepileptic drugs

Carbamazepine Primidone

Blood lipid Clofibrate, Gemfibrozil
regulators
B-blockers Metoprolol, Propanolol

Contrast media

Diatrizoate, lopromide

Cytostatic drugs

Ifosfamide, Cyclophosphamide

Personal Care
Products

Antimicrobial
agents/Disinfectants

Triclosan, Triclocarban

Synthetic musks/

Galaxolide (HHCB), Toxalide (AHTN)

Fragrances
Insect repellants N,N-diethyl-m-toluamide (DEET)
Preservatives Parabens (alkyl-p-hydroxybenzoates)

Sunscreen UV filterg

2-ethyl-hexyl-4-trimethoxycinnamate
(EHMC), 4-methyl-benzilidine-camphor

(AMBC)

G0 Al il e g pemal) dals 5 il )yl 5 aal sl e Gl

IS mutagenicitysl ik &sas s embryotoxicityaiadl Cla s & gas 8 Jiatia
Laaall @bl ) XX carcinogenicityodaadb ALY teratogenicity-
Sl el s dysfunction of kidney <! & JIs Jis health disorderglbwi>d
central s S <l uasll Slealls brain &l liver 2815 reproductive system

.(Zhou et al. 2015 nervous system

lge ) il Calitiay oluall sl el gl ) sl ol aa Y Gl e L Lasd

groundwater pollution

4d gall olpal) Cigli — 1

alanay Ll S5 <l je 2ae < slad 8 5 GLally 4d sal) olyall gl Ganl alaal 1 ki

Lot ) | )dme A sall slall riad (B LS 5 8 pa Gl 50 1 dpalladl i) ac) 68 £8) 50
55 ma ga (el 2 sall 13gd 5 S Lpaal oo Laa allall (3 3haliad) (mn ol olad]
g sansall Ll 5al) 3 50a) 8 5 (S La JE (oS0 4 gl il e e liall 5 e Jalial)
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o cani Gy dllall U g0 gend Al JSUERl) al (o G sal) ol gl ysing g Ly

i A AN (e Ll e (e Al ol ) B sl J ey (e Al

Alse ¢ septic systemg.sall i pall dadail ¢ Jandfills il Gilae (a Y

manufacturing facilitiegeiaill 33 » « hazardous waste siteghall il

Adle 4 all oliall Aallae ddae yuiad 5 e 5 agricultural sitesze! )3 &8 sl

Jiati L ja) vie Cila laall (40 A sane o Bl (A 5 Jash Sl pUaT 5 RSl

5 Ol e i 5 llal) <l 38 5 5 4 AV die i 5 oalad 5 QS pailiad

b Lad alad) 138 oy ) VIR bl ol aal aia ) Sy 5 e

1 - Zeng Y., J. Zhan, N. Wu, Y. Luo and W. Cai (208). Numerical
investigation of electricity generation potentialorh fractured
granite reservoir by water circulating through #hfrerizontal wells
at Yangbajing geothermal field. Applied Thermal Ewgring, Doi:
http://dx.doi.org/10.1016/].applthermaleng. 2016148

2 —LiJ., Y. Yang, H. Huan, M. Li, B. Xi, N. Lv, Y. Wu, Y. Xie X. Li
and J. Yang (2016).Method for screening prevention and control
measures and technologies based on groundwatetipolintensity
assessment. Science of The Total Environment, 5&t-1313-154

3 — M. Tamer Ayvaz (2016). A hybrid simulation—optimization
approach for solving the areal groundwater pollutisource
identification problemsJournal of Hydrology, 538: 161-176.

4 — OQuedraogo |., P. Defourny and M. Vanclooster (2016Mapping
the groundwater vulnerability for pollution at than African scale
Science of The Total Environment, 544: 939-953

5 — Stuart ME and Lapworth DJ (2016). Macronutrient status of UK
groundwater: Nitrogen, phosphorus and organic carlszi Total
Environ. Doi: 10.1016/}.scitotenv.2016.02.181.

6 —Tran N. H., K. Y.-H. Gin and H. H. Ngo (2015).Fecal pollution
source tracking toolbox for identification, evaloat and
characterization of fecal contamination in recegvimrban surface
waters and groundwater. Science of The Total Enuient 538
(15): 38-57.

7 — Yolcubal I., O. C. Gundiiz and F. S6nmez (2016Assessment of
impact of environmental pollution on groundwated @uirface water
qualities in a heavily industrialized district ofokaeli (Dilovasi),
Turkey. Environ Earth Sci 75:170. DOI: 10.1007/932®15-4986-
2.
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8 — Manamsa K, Crane E, Stuart M, Talbot J, Lapworh D, Hart A
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Table 4: Permissible limits and health effects of varioosi¢ heavy metals (adapted
from Bazrafshan et al. 201p

Metal Permissible limits @g/l) Health hazards
contaminant by international bodies
WHO US EPA

Arsenic 10 50 Carcinogenic, producing liver tumots,
skin and gastrointestinal effects
Mercury 0.01 0.02 Corrosive to skin, eyes and muscle

membrane, dermatitis, anorexia, kidriey
damage and severe muscle pain

Cadmium 0.03 0.05 Carcinogenic, cause lung fibros|s,
dyspnea and weight loss
Lead 10 0.05 Suspected carcinogen, loss of appelite,

anemia, muscle and joint pains,
diminishing 1Q, cause sterility, kidngy
problem and high blood pressure

Chromium 50 100 Suspected human Carcinogen, producing
lung tumors, allergic dermatitis

Nickel - - Causes chronic bronchitis, reduced Iung
function, cancer of lungs and nasal sinus

Zinc - - Causes short-term illness called “metal
fume fever” and restlessness

Copper - 1300 Long term exposure causes irritation |of
nose, mouth, eyes, headache,

stomachache, dizziness, diarrhea
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Table 5: General facts about air pollutants (adafEe&oA 2014)

Pollutant

Description and sources

Health and environment effects

Sulphur
dioxide
(SGy)

SO, is formed by oxidation o
sulphur  (S), mainly throug
combustion of fuels containing

The electricity generation sector
the most important source of &(
SO, also can contribute to th
formation of secondary sulpha
particles in the atmosphere.

SO, aggravates asthma and g
reduce lung function and inflame t
respiratory tract. It can caus
headache, general discomfort g
anxiety. SQ contributes to acig
deposition, the impacts of which ¢
be significant, causing damage
forests and ecosystems in rivers &
lakes.

Nitrogen
oxides
(NOx)

NOx is emitted
combustion e.g. from industri
facilities and the road transpd
sector. NQ is a group of gase
comprising nitrogen monoxide (NC
and nitrogen dioxide (N£. NO
makes up the majority of NOC
emissions. NQ contributes to the
formation of ozone and particulal
matter.

during fue

NO, is associated with adver
effects on health: it can affect tl
liver, lung, spleen and blood. It c3
also aggravate lung diseases lead
to respiratory symptoms ar
increased susceptibility to respiratg
infection. As with S@ NGO

contributes to acid deposition but

also to eutrophication of soil ar
water.

d

Particulate
matter (PM)

PM is a mixture of aerosol particl¢
(solid and liquid) covering a wid
range of sizes and chemig
compositions. PM10 (PM2.5) refe
to particles with a diameter of 1
(2.5) micrometres or less. PM
either directly emitted as prima
particles or it forms in the
atmosphere from emissions of (¢
NOx, NH; and NMVOCs. PM ig
emitted from many anthropogen
sources, including both combusti
and noncombustion source
Important natural sources of PM g
sea salt and natural re-suspen
dust.

PM can cause or aggravd
cardiovascular and lung diseas
heart attacks and arrhythmias. It @
also affect the central nervous syst
and the reproductive system, and
cause cancer. One outcome

exposure to PM can be prematl
death. PM also acts as a greenhq
gas, mainly cooling the earth
climate, although in some cases
can lead to warming. PM in th
atmosphere can also alter rainf
patterns, and affect
albedo properties of snow (the exté
to which the snow reflects light).

ite
ES,
an
em
can
of
ire
use
S
it
e
all

the surface

2Nt

Ozone (Q)

Ground-level (tropospheric) ozone
not directly emitted into th
atmosphere. Instead, it forms in t
atmosphere from a chain of chemi
reactions following emissions ¢
certain precursor gases: N@arbon
monoxide (CO) and NMVOCs an
methane (Ch).

Elevated levels of ozone can cat
respiratory health problem
including decreased lung functio
aggravation of asthma, and oth
lung diseases. It can also lead
premature mortality. Ozone is alsg
greenhouse gas contributing
warming of the atmosphere.

Ammonia
(NHs)

The vast majority of Nkl emissions

come from the agricultural sector,

Exposure to high levels of ammon

ia
nd

may irritate skin, eyes, throat, a
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connection with activities such ¢ lungs and cause coughing. People
manure storage, slurry spreadi with asthma may be more sensitive
and the use of synthetic nitrogend to breathing ammonia than others.
fertilisers. It also contributes to th NHs3, like NGOG, contributes t
formation of secondary particles. | eutrophication and acidification.

Non NMVOCs produce photochemic| NMVOCs include a variety of
methane oxidants by reacting with NOn the | chemicals. Certain NMVOC species,
volatile presence of sunlight. Anthropogern such as benzene {ds) and 1,3-
organic NMVOCs are emitted from sourc¢ butadiene, are directly hazardous|to
compounds | including paint application, roa human health. NMVOCs are also
(NMVOCs) | transport, drycleaning and oth| precursors of groundlevel ozone.
solvent uses. Biogenic NMVOCs a
emitted by vegetation, with th
amounts emitted dependent
species and on temperature.
Carbon CO is emitted due to incomplel CO can lead to heart disease and
monoxide | combustion. Important sources | damage to the nervous system. It ¢can
(CO) CO include road transpon also cause headache, dizziness jand
businesses, households, and indug fatigue.
CO reacts with other pollutan
producing ground-level ozone.
Methane CH; is produced by botl Methane is an important greenhouse
(CHy) anthropogenic and natural sourc| gas, and is one of the gases
Significant anthropogenic sourc( controlled under the UNFCCCils
include the agriculture sector (fro| Kyoto protocol. At the regional and

the enteric fermentation of GHrom
livestock), the waste sector, a
‘fugitive’ emissions from coa

mining and gas.

global scale methane also contribu
to the formation of ground leve
ozone.

Agroecosystem pollution
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management. Glob Chang Biol. 22 (3): 1008-28. Doi:
10.1111/gcb.13068.

4 —Graveline (2016).Economic calibrated models for water allocation in
agricultural production: A review. Environmental Welling &
Software, 81: 12-25

5 — Lithourgidis et al. (2016). Farmers’ attitudes towards common
farming practices in northern Greece: implicatiorsenvironmental
pollution. Nutr Cycl Agroecosyst, DOI: 10.1007/s10705-016-9%78

A ) Jand A g paiped il e et i) oS dlade Jisa o (S Y
Reviews of Environmental Contamination and Toxicglp Series
Pim de Voogtsailsell W s 5 lae 2370 s i jaa Al

Sle fueliall 5 de )l Al aaill Jedl i el 3l i) JUsill &l e
Ofiald) de ganaie il N A Jo) 5 Agro-industrial ecologys! ) sadl as
O oS AEA o3 gl s A3 e Jio 3l Fernandez-Mena et al. (2016
Nl ulSail aal o 5 o) g aa e Leliall 5 del ;50 Al g jua aags mual & lil
Ao jdall 3aly 3 O Js lill 3yl 3 ) gl e g danilie laaSy ibdaa) i 58 (A gl
Jie Al JSLEQ (e apall 5 auadl 8 iy (ALED Aald) yealiall 5 ciliad) b
Ayl soil acidificationa il (awss X 5 water eutrophicatiord! & ala
Aailly el 3l il s 5 55 LS greenhouse gas emissichSa cilas) )
k_ILGAJwLQ_”\SQLw\ b_)}_)m:\_u:\‘))” :\_I.c\_ual\ &th\.uj\ Y M&_t:\;‘_,’.cu\ ‘_;\:\.\j\
ae o) )50 gl pa)) 5 adls Lli aal o Lelaay) 5 Lolad@y) 5 dgal )
saauy) clelua 5 agro-food system@oiasll cleluall abs 4 Jici deliall
Wy sdiel )3l Clandl cilelial daleaY
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Euslil) ddle dbay Sl palias aal 5 Al il alail) gl olaally sl A il A s Seal
de) ) Clila) of cililie of (e 5 a5l dpana) delia Clilia (e eluall
gl Lallla 3OaY) e VA g 51 e saals 8 5 W e s clanall 5 3aauY) i
cSleldl) jUa) 84 a8l Gl sle (e el (aliill 2045 220150l A 484 5 Tripathi
sl aal a6 5 Apaliall clppal) oy yla cnd il g il s Saal) 5 i slall

(6) i dsis b il

Table 6: List of common and emerging pollutants (fr@mpathi et al. 2015

Type of pollutants

Examples

Metals and metalloidg

As, Ni, Cd, Hg, Pb, Mn, Cr, Mg etc.

Persistent organi

Aldrin, chlordane, dieldrin, dioxins, endrin, endbans,

pollutants heptachlor, mirex, toxaphane, chlordecone, HCB ba-g-
HCH, PCB, DDT, PCDF, PBDE, HBCD etc.

Petroleum Hexane, benzene, toluene, xylenes, naphthalene etc.

hydrocarbons

Organophosphorus | Chlorpyrifos, dichlorvos, dimethoate, malathion rgihion,

pesticides parathion-methyl, phenthoate, phorate etc.

Carbamate Aldicarb, aminocarb, carbaryl, carbofuran, carbfasul

insecticides fenoxycarb, methiocarb, methomyl etc. Herbicide4-12;,

atrazine, simazine, glyphosate etc.

Radionuclides

Uranium, thorium, plutonium, strontium, caesium etc

New and emerging
pollutants

Antibiotics, antiepileptics, analgesics, anti-imflanatories,
lipid regulators, betablockers, diuretics, contrasedia,
cosmetics, psychostimulants, disinfectant, antielegants
plasticisers and phthalates, wood preservativesint
additives etc.

Nanoparticles

Carbon nanotubes, T¥DSIO,, fullerenes, metal-phosphate

eS,

aluminosilicates, silver nanopatrticles, ZnO nanbplas etc.

4 yia gLl g dgalad) clausally & gtil) —

LLES e aall (gajan bl Coliad Aiama o 4y gae IS 5 8 g — Cilawall il

dald 55 yeal) dgandl ol da CINERY) (e andie Ha8 U o) se — dpe ] 1) CGY)
33 e 5 radall ) )5l 8 QIS Cagan ool A eI Lgalasiin) b Lol 8Y) as
o pdial aa i LG L DDT (5 2 sl Jie ) (iany o Liale Ladie s gas
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o Glapdl daidi 5 Ll Je dldl W) 5 Wh)sha e (e lee )
S e panall

Insecticides, fungicides, herbicides, rodenticidesyolluscicides,
nematocides, plant growth regulators and otheusnar et al. 2016.

ot &g sumnll ) SISI il Creaiil (7 ay Jgda) JUall Jas e il Jaadly Cusa

2 Ciie A malaria and typhussiidl s Lol Jie Gl e (e 22e daglie i

de gene Jie Ay pda Glae de sene Caadd o5 Aadiiall Ul alaee 8 i) 8 Chlayal

Gla Sl de gaae 5 1960s wliiudl (4 organophosphatés saall i gl

kel 8 pyrethroidsclus sismll 4e saae 5 1970slimnd) & carbamates

3l 4 fungicides—b kil 5 herbicideg iliall Gl de sane lin 25 1980s
.(Kumar et al. 2016 <aladll 5 climaad) (e

Table 7: The common usages of pesticides (adapted Kamar et al. 2016

Agriculture For control of pests, weeds, rodents, etc.

Public health For control of malaria, filariasis, dengue, Japarascephalitis,
cholera, and louse-borne typhus

Industrial Control of vegetation in forests and factory sifesnigation of
buildings and ships

Domestic Household and garden spray; control of ecto-pasit
animals and birds

Personal Application of clothing and skin; control of ectadjasites (fleas|,
lice)

Material building | Incorporation of paints, timber, glues, plastictpabion,
sheeting, foundation of buildings, etc.

e o) by adl Laad G ofiald) Ji (g plaiaY) e Jila o il ass

Wi o oad g ailall jslad Ledlall bl ael @ 8 Clawadl K ) <5 Y ardl peas
) ALLYh PubMed s saiosd o8 5) 3 sedall dpallall GULL #8) 50 S3EN (83 5
da_paiall w1 sedll Ayl ) SV Y = se b Lé s (Sciencedirect

1 — Lichiheb et al. (2016). Implementation of the effects of
physicochemical properties on the foliar penetratod pesticides
and its potential for estimating pesticide volaalion from plants
Science of The Total Environment, 550: 1022-1031

2 — Matamoros and Rodriguez (2016)Batch vs continuous-feeding
operational mode for the removal of pesticides fagricultural run-

44



sl & gl Ja¥) )

off by microalgae systems: A laboratory scale studtyurnal of
Hazardous Materials, 309: 126-132.

3 — Azab and Kamel (2016).Sensitive and selective fluorescent
chemosensor for the detection of some organophosplpesticides
using luminescent Eu(lll) comple. Journal of Phbtmistry and
Photobiology A: Chemistry, 321: 33-40

4 — Evangelou et al. (2016)Exposure to pesticides and diabetes: A
systematic review and meta-analygisvironment International, 91.:
60-68

5 — Lemos et al. (2016)Risk assessment of exposure to pesticides
through dietary intake of vegetables typical of tediterranean
diet in the Basque Country. Journal of Food Contmosiand
Analysis, 49: 35-41

Al Sa 5 el Gl Uail e Gl il 8 Loa ) Td08) culapall Calias ol
e ol a3gd Jigall 5 5all Glld ey Jy Allaill gile sana 5 Cilaguall 38 Ay Cua (e
Clay il aazay (3 Jsall e apaadl Cae pud SN 5 o) )3l ) Al il e Calis
AN Aar 5 Wil Loy aladin] i m 5 i lasall o3 aladia) e 2all Bl
3 dis BA e @l g 4 slaxSll Slanall o3¢d il e Canall 8 Jsall (e 3al) e i
A s Lld B it 1) 5 biopesticidesisall clandl als Glagall
Yl gl sl e slde ) Cus integrated pest managemémiall dailsal
gt g al Yl g Y (e A glia L KON (Jie dESa)) dall ) e Rea
Lal) cllilsh) gob oo @il Al 3 gal) de g WEl" e 4y gad) il de gana
i 5 "Ll Al CUBY) AadlSa g daglia b addiid dab 3) ga e gl A8BAY)
{(Mnif and Ghribi 2015) 2l 1 550 Alladll salal lag ol o3
(i) micro-organisms, (ii) biochemicals and (iii)s®chemicals
AN e gl ) i Al 3 ) sall Al ulad e il LS
Microbial pesticides, botanical pesticides, zooidstides and
genetically modified plantdhandler et al. 201}

a3 Cota () il i) de sane ) g sl (o Slasbadl e 2340
saalll) oty il

1 — Vijay Veer and Reji Gopalakrishnan (2016)Herbal Insecticides,
Repellents and Biomedicines: Effectiveness and Ceraialization.
Springer.
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2 —Dhananjaya Pratap Singh, Harikesh Bahadur Singh andRatna
Prabha (2016). Microbial Inoculants in Sustainable Agricultural
Productivity. Vol. 2: Functional Applications. Spger.

3 — Leo M. L. Nollet and Hamir S. Rathore (2015)Biopesticides
Handbook. CRC Press

4 — Gross A., J. R. Coats, S. O. Duke and J. N. Ber (2015).
Biopesticides: State of the Art and Future Oppotiest American
Chemical Society (ACS Symposium SeriedEdition.

5 —Dwijendra Singh (2014).Advances in Plant Biopesticides. Springer

6 — K. Sahayaraj (2014).Basic and Applied Aspects of Biopesticides.
Springer.

7 — Bailey A., D. Chandler, W. Grant, W. P. Grant,J. Greaves, G.
Prince and M. Tatchell (2013).Biopesticides: Pest Management
and Regulation. CABI; Reprint edition

o Ll Cilae Leale BUal Cilane Ao gana 5 paAY) Y1 8 G jels g HAT Aals (e
g 5 it G el 5 bl ps WIS S 5 Nanopesticidess sie sl
AlaByl 5 dnll 5 dsaall algll ) die 5y coad e Gad Glanall o8 alasiy|
aaa Lgilindai 5 Clapall 38 Ciliia sl e LS Clanall 03gd 4 gl ) A8l
Clanall 038 5y ghd sae ) AlaYU Cilawall o3a Llai §f il Ad § o) il e
il Cua Gy il a5 5 A8 aae e ey 4dld il e iy e e Ll Al e
i gane 4za Jadly B 45 yie sl 100 e D il S ana A gl Ll e yualdl
S s Aagal cillaiial) Gl e o) i L nanoformulations i _sie sl ciluS sl
Migd @l e 5 iy paill 12a Blai 8 JAN Goge Gl 4yl dia Leagioad o
e Sl 48 5 Clatie aren Alla (A daladin) (Say ilin 5 230 iy i ma sl b )5
Al aaliall ey O

a5 s 100 0 Al b cld claiiall ol laall o3a i S of (1)

nanohybrid, nanocompositds sl sx A Cwaia Al Cli 1l (2)

LS clial) aas Jreay Jadi i Al cldall 5 pailadll jelai ) <l sl (3)
.Kah and Hofmann (2014)ce 2,5

Dy il Clae @l ol il S dalall OVEA e 2aadl T A e o jels )
34 e 9 3% R = r 3
b o S YAl 038 aal e 5 Leall £ sa N (S
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L3l 5 il JSLIal) (e daadl (8 Caanid Al Jpall Gamy (S Lgie 88 48 5l
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e i i lae ddlidall de) ) 3 cileUadl o oS glill agle 556 S of oSy Y LS
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Applications of nano-agriculture:
1- Precision farming and crop improvemeia nanotechnology
2- Water and soil resources conservation and reatiedi
3- Nanoagriculture and plant disease control
4- Plant growth and germinatima nanotechnology
5- Agricultural waste recycling by nanotechnology
6- Nanotechnology improving animal production
7- Nanofertilizers and nanoagrochemic&tggham et al. 2016

oY) sed nanofertilizers 4 jiesilill s0an¥lL del 3l Gl Sl e Wl
Gl 5 OVl aaas (3 (o o1 5385 U A ) (pfialil) alasa olad) Cus delull g guia 5
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Sewage sludge wastesall i pall Cililas -5
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.(Kuppusamy et al. 201% 4slass

b LS clalalall oda el gl il bl ol aal (ol jpais) Sy

Green wastes 1o padd) Gldlial) -1

S LA o3a o bl jall (pamy Casaca gl G o) 3l Laladl) chlalia s

5 Alall i) cpe gLl A1) 8 Al 2] b Gl 5 cleliall 8 Lgaladii)
ro) padl) clalaall el gl VB e al yrin) Llad g @lly e g AaliAL)

Kuppusamy et al. (2015), Girotto et al. (2015), €hal. (2015), Pham et
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Jaiswal (2016), Christoforou and Fokaides (2016yyh@ndah et al.

(2016),
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Nano-wastes 1A yia oilil) cldliall -3
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Food

Sorne Plastics,
% 123?/ 6%
oy o \ Metals, 8.6%
Yard
trimmings, Rubber,
13.7% leather, and
textiles, 8.3%
Paper and Glass, 4.8%
Cardboard,
28.2%

Wood, 6.5%
Other, 3.5%

Fig. 1: Average composition of municipal solid waste.
Source: fromOsman (2014) http://css.snre. umich.edu/css_doc/ CSS04-15.pdf

Table 8: Different technologies which can be used in sgrtmuncipial materials
targeted (adapted fro@sman 2014

Technology Materials targeted

Screening process Large: film plastics, large paper, cardboard misc
Midsized: recyclables, organics, misc
Fines: organics, metal fragments, misc

Handpicking Recyclables, inerts, and chemical contaminants
Magnetic separation Ferrous plus contaminants associated with ferroetsim
Eddy current Nonferrous metals
Separation
Air classification Lights: paper, plastic

Heavies: metals, glass, organics
Wet separation Floats: organics, misc Sinks: metals, glass, gramisic
Ballistic separation Light: plastic, undecomposed paper

Medium: compost

Heavy: metals, glass, gravel, misc
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Table 9: The environmental impact of the processing of déife electronic waste
components (adapted frovidath et al. 2012

E-Waste Component

Process Used

Potential Environmental Hazard

Cathode ray tubes (usg
in TVs, computer
monitors, ATM, video
cameras, and more)

Breaking and remove
of yoke, then dumping

Lead, barium and other heavy met
leaching into the ground water a
release of toxic phosphor

Printed circuit boarg

De-soldering and

Air emissions and discharge into

als
nd

hydrochloric acid ang
burning of chips

into rivers acidifying fish and florg.

Tin and lead contamination
surface and groundwater.
emissions of brominated dioxin
heavy metals, and PAHs

Ali

(image behind table — | removal of compute| rivers of glass dust, tin, lead,
thin plate on which chips; open burnin¢ brominated dioxin, beryllium
chips and othel and acid baths t( cadmium, and mercury

electronic component remove metals afte

are placed) chips are removed.

Chips and other goll Chemical  stripping PAHS, heavy metals, brominated
plated components using  nitric  and flame retardants discharged directly

Plastics from printers
keyboards, = monitorg
etc.

Shredding and lov
temp melting to bd
reused

Emissions of brominated dioxin
heavy metals and hydrocarbons

Computer wires

Open burning anc
stripping to remove
copper

PAHs released into air, water a
soil.
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Pollution and its problems
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IS Gl Jen ol ol o g i) Ja (K15 3y SURLS o5 JEG)" 0 Y) ey Y
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ol ) (g5 8 Al b Y] g by sivall anen o Lo e g A jlad 5 olat)
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Mirsal (2008) e 2,5 LS (2) pdy Jsidl
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Fig. 2 A schematic overview of the processes represgsinil-pollutant interactions
(from Mirsal 2008)
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Shin D. — C. (2016).Hazardous air pollutants: case studies from Asia.
The T'Edition. CRC Press
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toxicology: biological and health effects of poduts. & Edition.
CRC Press

Kendall R. J., T. E. Lacher and G. C. Cobb (2016).Wildlife
toxicology: emerging contaminant and biodiversigsues. CRC
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A reviewsis yall OV (ol i) (Sad SV aal e Wl
Ghosh and Singh (2005), Wu et al. (2012), Boukiaket(2013),
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and Cho (2016), Ribeiro et al. (2016)
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Hasegawa H, | M Rahman and M A Rahman (2016)Environmental
remediation technologies for metal-contaminatedssobpringer
Japan, DOI10.1007/978-4-431-55759-3

sk S Lgany il i) 5 demy (S Al g Bpal) VU] iy

Kenessov et al. (2016), Wu and Zhu (2016), Brambdt al. (2016),
Milan et al. (2016), Trellu et al. (2016), Goodagzial. (2016)
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Fig. 3: Behavior of pollutants in the soil (with kind peission from Ellen Kandeler,
from Blume et al. 2016

PAAA L &ighil) eVl A L —8

Ol gl aal g Cgle (e il Caglill Ja (o Culill e 3 W) ale Coslill VA il
o bild gl sgme e ) ame Gl (S B bl 5 Ll e A gena
Aia Yl go o singlesasiall skl Al 3y Wil Gl (b bl pall iS5 oy 51l
b @ il dea e g L Cun Sl alall ad ) it 8 il slall Al 0 Cun )
) Combinedialaad) b ) 4 olaiY) a3 methodology s 4wl ,all Gk
bl all el Sle g Lo WA 5 ol jall ot Alla 4 g sl g iy 8 Csle (eSS
55, Al il a3 aal g cly (8 igle e ST Al o Alla 8 L)) aea (8 ks
.multi-pollutants=t slall (e aaall 4 5

Single pollutant 5 dall cliglall —1
e delall Jag o A8all (sS85 (of B0 jie Ala 8 <l gladl Al 3 e Ala) o3a juad

Lt of apearill (m yay VLAl pd cilS 38 g Lo i SYI A a5 dad aal s &l
il A gae ol glall Al jal e Ccae o5 s bl Hall o3 Chamed Caa Jalaill g Al Al

66



sl & gl Ja¥) )

I Lol Ay 5 (g8 Ll a5 (1 Al S (e el el s Ly pume e
4 il @l gl G cOlelall ety Al 5 420164 48, 5 Hasegawad &) )
O sinr aa A (5 bl S8 Ll 5 &5 sl (o) ;B Al Aslaall (3, AdLaly
Plant, soil and microbes: mechanisms and molecuilateractions

Slo dals 5 b Sl 5 alall 54 il o el oy QUS 4 5220160
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Aia ailbh Jal s55m A 5 abiotic s e sl biotic s OIS ¢l s Stress
g5l aal e saaly Laad Al 5 heavy metalglall)l paliall Jie pollutants<t skl
A aY) dilida (clisle 5f) lalga) sa s B grun 3a¥) 2 le g4yl je Clalgay)
Gaw LS Caghall o3a Jie o i) B A8 saaa ol jaudl dga g 55 g calkdy
oda gl Al Sl e Ao sene Dijela AN 5 (10 ay Jeal) 9 4 aB, Jsdl)
LS Giludl & S WS celluarddall gl s moleculesziy jall (s siuwe e &l il
Ui X 5 Hasegawa et al. (2016334, 5 &80 saell Q€ s 3
10 sie Jang 53 5 dpuiall Sy 5 deaY) 236l Mahalingam (2015)
Combined stresses in plants physiological, molecudad biochemical
aspectsSpringer International Publishing Switzerland.
— Cllgay) sl da sl (s Jaadi O aekiiad Gl G cilud )all Gl 8
Zlsd Gl sl (ann iy @l jle — ALEN  jaliadl dala clisld) i e
G lall (e daad) Ayl gl N bl Al amy il et Say Losee g ) yandil]
b Lad
Bostock et al. (2014); Kissoudis et al. (2014); Bazt al. (2014),
Prasch and Sonnewald (2015); Mahalingam (2015), dgamda and
Senthil-Kumar (2015), Naidu et al. (2016), TalibdaRandhir (2016),
Chirakkara et al. (2016), Rodriguez-Mozaz et &16)

Table 10: Physiological and biochemical processes duringnary metabolism likely
to be associated with multi-stress tolerance imtglandependently exposed to

abiotic and/or biotic stresses (Ramegowda and $¢timar 2015)

Process/ | Mechanism/ Role under abiotic Role under biotic stress | Ref.
pathway activity stress tolerance tolerance
Physiological processes
Stomatal Closure of | Prevent water loss dy Prevent entry o] (1)
activity stomata |to transpiration durin¢ Pseudomonas syringaev
drought stress it tomato DC3000 throug
Arabidopsis stomata inArabidopsis
Respiration | Antioxidant | Less efficient Tolerance to Tobacc| (2)
capacity respiration ang mosaic virus through n
photosynthesis; loweg expression of alternativ
stomatal conductang oxidase and enhancg
under drought in expression of cytosoli
Nicotiana sylvestri ascorbate peroxidase
Nicotiana sylvestris
Biochemical processes:
Sugar metabolism
Sucrose Alteration in| Apoplatic invertasq 1. Restriction of sucros| (3)
the level of| imparts salt tolerance i efflux by AtSWEET suga
sucrose tobacco transport genes contribu
between to disease resistance
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cytoplasm Defense gene activation
and apoplast tobacco
Trehalose | Osmo- Trehalose-6-phosphate Resistance to powdery | (4)
protection synthase imparts mildew in wheat
drought tolerance in
potato
Galactinol/ | Osmo- Improved drought Resistance against the | (5)
raffinose protection tolerance by reducing | pathogen®otrytis cinerea
transpirational water | andErwinia carotovorain
loss inArabidopsis tobacco
Mannitol Osmo- Water deficit and salt | Enhances resistance to | (6)
protection tolerance in wheat fungal pathogen Alternari

alternata in tobacco

Amino acid metabolism

Proline Protection of| Increased cellular Scavenger of reactive (7)
cellular osmolarity under oxygen species (ROS) in
components | drought inArabidopsis | Arabidopsis

Gamma- Cellular Osmolyte and scaveng Maintaining carbon flux in (8)

amino- signaling ROS inArabidopsis tricarboxylic acid cycle

butyric acid through succinate supp
in Arabidopsis

Lipid metabolism

Wax Physical Reduced non-stomaty Induction of patho- (9)

biosynthesis barrier water loss (cuticulal genesisrelated gene

transpiration) in

prevention of adhesion ar

Arabidopsis germination ofP. syringae
pv. tomato strain DC300
in Arabidopsis
Poly- Desaturation | Increase in ratio of tota) Systemic acquired (10)
unsaturated| of fatty acids | linolenic to linoleic resistance induction in
fatty acid acids under drought an response t®. syringae
osmotic stress in infection inArabidopsis
tobacco
Polyamine metabolism
Putrescine Stomatal movement | Prevents invasion of (12)

Reduction of
transpiration rate unde
drought inArabidopsis

pathogen by lignification
and exhibits hypersensitiv
in tobacco.

Spermidine | Membrane | ROS scavenging and | HR against Pseudomonas (12)
protection prevention of pero- cichorii in tobacco, P.
and HR xidation of membrane | syringae inArabidopsis
lipids under chilling, andMagnaporthe grisea
freezing, salinity, in rice
drought and paraquat
toxicity in Arabidopsis
Spermine | Membrane | Osmoprotection and | Spermine synthase (13)
protection oxidative protection of | Induction of PR proteins

membranes under

against TMV in tobacoo
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drought in Arabidopsis
Glycine Osmo- Serves as osmolyte Reduced powdery mildew (14)
betaine protection under drought in maizeg severity caused by
Blumeria graminisn
wheat

List of Refs.: (1) Knepper et al. (2011), (2) Djebbar et al. (2013) Chen et al.
(2012), (4) Kondrék et al. (2012), (5) Kim et &008), (6) Abebe et al. (2003),
(7) Cecchini et al. (2011), (8) Bolton (2009), @¢o and Park (2010), (10)
Chaturved et al. (2008), (11) Alcazar et al. (20102) Yoda et al. (2009), (13)
Alcazar et al. (2011), (14) Quan et al. (2004)
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Fig. 4: The plant stress matrix with different combinatiaf potential environmental
stresses that can affect crops in the field aravshim the form of a matrix
(Adapted fromMittler 2006; Suzuki et al. 2014;Mahalingam 2019
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Threats to the soil functions $4_ il il g el glall 2ags Ja —9

L Glal¥) al S elade alaei (e i) an) Jasg (621 5 @) 1 Glal¥) QLS (a5,
ale Aplady) Al Ul 1 e dak Jol aa Cus Scheffer/Schachtschabel
laliea 5 “Agrikulturchemie, Teil A: Boden” :olse Jesy OS5 21937
dada 112 e 3,ke OIS 5 Agricultural Chemistry, Part A: Soil 4 jlasyy
Aall des e A3 e 5 16 Andall & g Aah AY sl Ulay s Glagdal) i 55 05
Al aiay) e gl dids GUSI 3 5 (22016 all de @va A 5 4 sy
GV e 3 5 ml Y Jlae (& Ol slalall o Gl pu) Jang 2ia Jae i Abual 5
G QU 138 e a8 g aa i e o)) g Gl a1 g cpalladl (g ola gl dusal sa SN
S dee Y il e (oa 28U S il delaall 755 6l sldde 9 (e (58 &)
S|
A sl L o and Lgiitda g ool e Lol 54 il angd Al Gl glad) Y sase
b Al Claglaall amy Aie Bk i g pasall 1 (e UL dladia G ssa
il g s sall 138 5 3 5l Sl a5 & il oy e Tanngd Jias il glall o Cag el
e 2l 13 58y 5 allall J s 0S5 Al O Jsall G el Lgie (el Lalle 3 alh
O psbre o eS8 4 il ddaia¥) sa 4y 5ill g alae 5 ool )l ) oUaill e Culaa)
filtering, buffering and transformer functiofguas 3 8 (e aShiai Lo 4 il
Al Al ua 4 il il slall alaii 5 ygad 5l llery (oY) pUail o g6 Cus
SIS (il iy Ladad 5 Lea Bl yY) 5 (abiaady) dina e <l lall (any (aliaed) e 3yl
sdasen ol ) Ga dy il ailiad (el pe 5 Dl glall o2 Lglaas Al Clialdll dpe 53 e
Olasd 4 il ahals Jae 5 A il Sl lall Gand 2013 Jary 4 1l) il e o 68 Cua a2
aal g Gl okl e Sl e 50l et g adla A olae ] g 4aie calul) o LS
iyl s sl o 4Bl 5 dail )N 3 0l Loayl 4 Walac i 88 4y 5l ducally Jal) Sl
o> A8 Gl e Lalas gl 51 Lgdlal (e Ay 5l (B

Lyl L sl g 5 Ay glasS 5 Apmadn Al Lgailiad 5 4 5l Ladad o3 La 58 5 5 <l all
e sim el IS Al Cllall s JE) 5 gabasd) 5 glisd 5 A8 e e i
Wi (5 oy Jsil) 9 11 ad) dgsall) AV o Lagia IS il 5 &l clfslal) e shaia
lada ) S 4 jill cailla g Ao il ladl adls el gl il bl Al (amy (al jai) e

b Laid

Blume et al. (2016), Azam et al. (2016), Mohapadtal. (2016),
Awasthi et al. (2016a), Chirakkara et al. (2016)iskna and Mohan
(2016)
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Table 11: Heavy metal inputs in (g frayear?) from various sourcesB{ume et al.

2019

Atmospheric inputs Direct inputs

Rural areas/ | Industrial/ | Weathering Sewage| Compost| Farmyard| Mineral

forest sites | urban areas sludge fertilizer | fertilizer
As |3 n.d. n.d. 0.12 n.d. n.d. n.d.
Cd | 1.5-3 <35 0.1 2.21 4.7 0.3-0.6 | 0.15-2.98
Cr |3 n.d. 2.0 61 253 6.1-33.8 | 15.3-464
Cu | 11-13 1526 3.5 520 577 73.1-454| 2.89-9.5
Ni | 5-35 n.d. 0.8 43.5 163 8.9-13.6 | 1.50-6.63
Hg | 0.2-0.8 2 n.d. 1.17 1.6 0.02-0.1 | 0.00-0.3
Pb | 31-310 270-14000| 0.8 76 464 5.1-16.7 | 0.24-4.93
Zn | 70-618 Up to 4000 | 2.3 1253 2037 467— 36.9-54.3

1077

SOz, NOy, NH3, O Hz50,,
and other pollutants HNO,, NH3
X Matural soil
acidification
Y H / H

Acids in soil
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H* w\w
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clay minerals heavy metals

[ [
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Fig. 5: Direct and indirect effects of emitted pollutantsforests and soils (with kind
permission from Ellen Kandeler, froBlume et al. 201§
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Advantages of phytoremediation
e Less intrusive
» Can be more permanent solution
» Better public acceptance

oial aal 5 Al Aalleall 38l 5 Conall Ll (he de sana 2oy (Ka Loses
o5 A gumall gl 5 ALED aladd) (e Galiill Al Aalled) b aadied il el
(14 13 <12 a8 i) A0 Jglaad) JA (e L LS aa (Y]
Aalad) Jsa (p2016 ke ) 1l ool Al VR Y Gl jaind oo Ll
:Jie heavy metalghdill paliall (o palasll 4350l
Ma et al. (2016), Azizur Rahma et al. (2016), Ckkera et al.

(2016), Jayasri and Suthindhiran (2016), Ozkanl.e2@16), Nie et al.
(2016), Gonzélez et al. (2016), Chen et al. (20¥@ygas et al. (2016),

86



g dhcall Aluil) Aadlaall

P [N
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Table 12: A comparison between advantages and disadvanfagpkytoremediation
(from Gosh and Singh 2005; Fosso-Kankeu and Mulaba-Bafudmdi 2014

Chandra et al. 2109

Advantages

Disadvantages/Limitations

Amendable to a variety of organic a
inorganic compounds. Cheap &
aesthetically pleasing (no excavati
required). Generation of a recyclal
metal-rich plant residue

Restricted to sites with shallo
contamination within rooting zone ¢
remediative plants The plant ¢
accumulate inorganics that it can red
through root growth and is soluble in s@

W
f
an

ich
il

In Situ/Ex Situ application possible wit
effluent/soil substrate respectively. S
stabilisation and reduced water leach
and transport of inorganics in the soll

Time-consuming process can take ye
for pollutant concentrations to rea
regulatory levels (long-term commitmer

ars
ch
It)

In Situ applications decrease the amo
of soil disturbance compared
conventional methods.

Restricted to sites with low contaming
concentrations and the plant must be &
to grow in the polluted media

Nt
ble

Reduces the amount of waste to
landfilled (up to 95%) can be furth
utilized as bio-ore of heavy meta
Applicability to a wide range of toxi
metals and radionuclides

Harvested plant biomass fro
phytoextraction may be classified as
hazardous waste hence disposal shoul
proper

In situ applications decrease spread
contaminanvia air and water.

Climatic conditions are a limiting factor

Does not require expensive equipment
highly specialized personnel

Introduction of exotic plant species m
affect biodiversity

In large scale applications the poten
energy stored can be utilized to genet
thermal energy. Enhanced regulatory 3

public acceptance

Consumption/utilization of contaminate
plant biomass is a cause of concern.

must not pose harm to human health

further environmental problems
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Table 13: Potential plant species for phytoremediation afyemetals (adapted from
Chirakkara et al. 2016

Plant Species Phytoremediation | References
potential

Black NightshadeSolanum Nigrum Cd Wei et al. (2010)
Flax (Linum usitatissimuin Cd Bjelkova et al. (2011)
Bitter Albizia (Albizia amarg Cr Shanker et al. (2005)
Duckweed $pirodela polyrhiza Ni Appenroth et al. (2010
Green OnionAllium fistulosun Pb Cho et al. (2009)
Moonlight Fern Pteris creticd Pb Cho et al. (2009)
Pine Pinus sylvestris Cd, Pb Ostrowska et al. (2006
Ricinus Ricinus commun)s Cd, Pb Zhi-Xin et al. (2007)
Cattail Millet (Pennisetum americanyn Cd, Zn Zhang et al. (2010)
Field Mustard Brassica rapa Cd, Cu, Zn Meers et al. (2005)
Common ReedRhragmites australis | Cu, Hg, Pb Weis and Weis (2004)
Benzoin Tree $tyrax tonkinens)s Cu, Pb, Zn Shi et al. (2011)
Vetiver Grass\etiveria zizanioides Pb, Cu, Cd, Mn Andra et al. (2009)
Water Hyacinth Cd, Cu, Ni, Pb, Zn | Liao and Chang (2004
(Eichhornia crassip@s

Cd, Cr, Cu, Se Zhu et al. (1999)
Canola Brassica napus Cd, Cr, Cu, Ni, Pb| Marchiol et al. (2004)

Zn Saathoff et al. (2011)
Alpine Pennygrass Cr, Cd, Co, Cu| Robinson et al. (1998)
(Thlaspi caerulescens Mo, Ni, Pb, Zn, Mn
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Table 14: Potential plant species for phytoremediation adyemetals and organic
contaminants (adapted fro@hirakkara et al. 2016

Plant Species

Phytoremediation potential

References

Oat (Avena sativa

Zn

Ebbs and Kochian (1998)

Phenanthrene Miya and Firestone (2001)
Rye Grassl(olium perenng | Cu, Cd, As O’Connor et al. (2003)
Cu, Zn Zhou et al. (2007)

Petroleum hydrocarbons

White et al. (2005)

Organic contaminants

Huang et al. (2004)

Alfalfa (Medicago sativa

Pyrene

Fan et al. (2008)

Cd, Cr, Ni, Zn

Peralta-Videa et al. (2002)

Phenanthrene, Pyrene

Wang et al. (2008)

Petroleum contamination

Liu et al. (2012)

Willow (Salix spp).

Cd, Organics (Qil)

Kuzovkina & Quigley (2005)

Zn, Cd, Ni, Cr, Pb, Cu

Pulford & Watson (2003)

Cd Robinson et al. (2000)
Poplar TreesHopulus spp. | BTEX Moore et al. (2006)
Cd Robinson et al. (2000)

BTEX, nutrient contaminants

Schnoor et al. (1995)

Mustard Brassica juncep

Cd, Cr, Cu, Ni, Pb, U, Zn

Singh and Sinha (2005)

Motor oil

Dominguez-Rosado & Pichte

(2004)
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Table 15: Summary of phytoremediation techniques (strat@¢diased on mechanism
and nature of contaminants including plant speEéfRamady et al. 2015h

Mechanism and
pollutant nature

Description (References)

Plant species
(Element or contaminant)

(1) Phytoextraction
or phytomining,
phytoaccumulation,
phytoabsorption,
phytosequestration
(Hyperaccumulation
Inorganics)

It refers to the uptake, translocation g
accumulation of metal contaminants
the soil by plant roots into abovegrou
components of the plants or harvesta
biomass in shoots

Over 400 hyperaccumulator
include:Elsholtzia splendens
Alyssum bertolonjiThlaspi
caerulescens Pteris vittatfor
Cu, Ni, Zn/Cd and As, resp.).
Astragalus Stanleya, Xylorhiza
Oonopsis SymphyotrichuniSe)

(2) Phytofiltration or
rhizofiltration
(Rhizosphere
accumulation
Organic/ inorganics)

Phytofiltration is the use of plant rog
(rhizofiltration) or seedlings
(blastofiltration) to absorb or adso
pollutants, mainly metals, from water a
agueous waste streams by adsorptior]
precipitation onto their roots ¢
contaminants absorption into their rootg

Promising examples include:
Helianthus annuBrassica
juncea Phragmites australis
Fontinalis antipyreticaand
severabkpecies oSalix
Populus LemnaandCallitriche
(Cd, Cr, Cu, Ni, Pb, Zn and U)

(3) Phytostabilization
or phyto-
immobilization

(Complexation
Inorganics)

It uses certain plant species to immobil
contaminants in soil and groundwat
through absorption and accumulation
roots, adsorption onto roots
precipitation within the root zone, ar
physical stabilization of soils. Th
technique is used to reduce the mobi
and bioavailability of pollutants in th
environment

Species of genera
Haumaniastrum Eragrostis
Ascolepis Gladiolus and

Alyssumare examples of plants
cultivated for this purpose
Agrostis tenuiv. Goginan (Ph
and Zn), Agrostis tenuis cv.
Parys (Cu), and-estuca rubra
cv. Merlin (Pb and Zn)

(4)
Phytovolatilization
(Volatilization by
leaves Inorganics/

Plants volatilize or convert of pollutan
to volatile form and their subseque
release to the atmosphere. This techni
can be used for organic pollutants g

Astragalus bisulcatu@As)
Brassica napugHg)
Astragalus bisulcatys
Astragalus missouriensis

organics) some heavy metals likks, Hg and Selt | Astragalus racemosuand
is the most  controversial ¢ Stanleya pinnatéSe)
phytoremediation technologies
(5) Phytodegradation Degradation of organic xenobiotics | Populus species and
or plant enzymes within plant tissues such Myriophyllium  spicatum are

phytotronsfarmation
(Degradation in plant
Organics)

dehalogenase and oxygenase; deto
them through their metabolic activiti¢
and it is not dependent on rhizosphg
microorganisms

examples of plantghat have
these enzymatic systems,
(PAHSs, pesticides, etc.)

(6) Rhizodegradation
or phytostimulation
(Rhizosphere
accumulation
Organics/ inorganics

Degradation or breakdown of orgar
xenobiotics in the rhizosphere |
rhizospheric microorganisms, which g
the predominantorganisms associate
with roots

Pseudomonas sp.(petroleum
hydrocarbons)Medicago sativa
Festuca arundinace&chreb.
(Benzopyrene and polycyclic
aromatic hydrocarbons, PAHS)

(7) Phytodesalination
(Uptake of salts by
roots Inorganics)

Removal of excess salts from saline s
by halophytes, that means the use
halophytic plants for removal of sal

from salt-affected soils

Suaeda maritimand Sesuviun
portulacastrumin removal and
accumulation of NaCl, from
highly saline soils documented
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Table 16: Lower limit (mg kg™) for hyperaccumulation and families of hyper-

accumulators known for various heavy metals (fl®ineoran et al. 201p

Element Lower limit for Family(ies) of hyperaccumulators
hyperaccumulation

Arsenic 1000 Brassicaceae, Peraceae

Cadmium | 100 Brassicaceae, Asteraceae, Chenopodiaceae

Cobalt 300 Lamiaceae, Scrophulariaceae

Copper 300 Cyperaceae, Lamiaceae, Brassicaceae, Poaceae,
Scrophulariaceae

Gold 1 Brassicaceae

Lead 1000 Compositae, Brassicaceae

Manganesg 10000 Apocynaceae, Cunoniaceae, Proteaceae

Nickel 1000 Brassicaceae, Cunoniaceae, Flacourtiaceae
Violaceae, Euphorbiaceae

Selenium | 100 Fabaceae, Brassicaceae

Silver 1 Brassicaceae

Thallium | 100 Brassicaceae

Uranium | 1000 Brassicaceae

Zinc 3000 Brassicaceae, Crassulaceae, Leguminosae

Table 17: List of hyperaccumulators plant species for phyteetion and
phytostabilization; its accumulation (mgRgadapted fronMahar et al. 2016

Plant species Metal Metal References
accumulation
Armoracia lapathifolia Hg 0.97 Aleksandra et al. (2008
Helianthus tuberosus Hg 1.89
Poa pratensis Hg 2.74
Salix viminalis Hg 5.69
Alyssum heldreichii Ni 11800 Bani et al. (2010)
Alyssum markgrafii Ni 19100
Alyssum murale Ni 4730- 20100
Aeolanthus biformifolius Cu 13700 Chaney et al. (2010)
Alyxia rubricaulis Mn 11500
Haumaniastrum robertii Co 10200
Thlaspi caerulenscens Zn 39600
Achillea millefolium Hg 18.275 Jianxu et al. (2012)
Pteris vittata Hg 91.975
Macleaya cordata Hg 2.775
Brassica juncea Au 10 Sheoran et al. (2009)
Haumaniastrum katangense| Cu 8356
Macadamia neurophylla Mn 51800
Thlaspi caerulescens Cd 3000
Thlaspi calaminare Zn 10000
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Table 18: Phytoremediation on the basis of mechanism andre@aif contaminant
(adapted fromAli et al. 2013; Sheoran and Sheoran 20]5

Process Mechanism Pollutant
Phytoextraction Hyperaccumulation or accumulation of pollutan, Inorganics
in harvestable biomass (shoots)
Phytostabilisation | Complexation or limiting mobility and bio- Inorganics
availability of pollutants in soil by plant roots
Phytovolatilization | Volatilization by leaves (Conversion of pollutan| Organics/
to volatile form and their subsequent release@o| inorganics

atmosphere)
Phytodegradation | Degradation in plant (degradation of organic Organics
xenobiotics by plant enzymes within plant tissu
Rhizofilteration Rhizosphere accumulation (sequestration of Organics/

pollutants from contaminated waters by plants)| inorganics
Rhizodegradation | Rhizosphere degradation (degradation of orgary Organics
xenobiotics in the rhizosphere by rhizospheric
microorganisms)

Phytodesalination | Uptake of salts by roots (removal of excess sal{ Inorganics
from saline soils by halophytes)

Table 19: Some of the plants with potential fdmizofilteration of various metals
(adapted fronsheoran and Sheoran 2015

Metals Plant species

As, Cd, Cr, Ni, Pb, Zn Eichnornia crassipePopulus sp Thlaspi sp.

Fe, Cu, Cr Lemna minorAzolla pinnata

Cr Hydrocotyle umballataBacopa monnieriSpirodela polyrhizg

Pb, Cu, U, Sr, Cs, Co Zn | Helianthus annus

Pb, Ni, Cd, Zn, Cd, Cr, Cy Brassica juncea

Pb Hemidesmus indicus
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Table 20: Some of the plants with potential for phytostaaition of various metals
(adapted fronsheoran and Sheoran 2015

Plant species Metals
Agrostis tenuis, Festuca rubta Pb, Zn, Cu
Sesbania rostrata Pb, Zn

Cynodon dactylonFestuca rubra Typha latifolig Phragmites| Pb, Zn, Cu
australis

Paspalum notatunC. dactylconlmperata cyclindrica Pb, Zn

Lolium italicum Festuca arundinaceae Pb, Zn

Hyparrhenia hirta Zygophyllum fabago Pb, Zn, Cu

Horedeum vulgard_upinus angustifoliusSecale cereale As

Brassica juncea Cd Zn, Cu, Mn,
Fe, Pb, Cd

Anthyllss vulneraria, Festuca arvernensis, Koelevallesiana,| Zn, Cd, Pb
Armeria arenaria

H. hirta, Z. fabago Pb, Zn, Cu
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Table 21: Plant enzymes that have a role in transformingmicgcompounds during
phytogegradation (adapted frddmeoran and Sheoran 2015

Enzymes Plants known to produce Application
enzymatic activity

Dehalogenases| Hybrid poplar Populus spp, algae| Dehalogenates chlorinated
(various spp.), Parrot feather solvents
(Myriophyllum aquaticumn

Laccase Stonewort Nitella spp), Cleaves aromatic ring after
parrotfeatherNlyriophyllum TNT is reduced to triamino-
aquaticun toluene

Nitrilase Willow (Salix spp) Cleaves cyanide groups fro

aromatic rings

m

Nitroreductase

Hybrid poplar Populus spp,
Stonewort Kitella spp), parrot
feather Myriophyllum aquaticum

Reduces nitro groups on
explosives and other nitro-
aromatic compounds, and
removes nitrogen from ring
structures

Peroxidase HorseradishArmoracia rusticana | Degradation of phenols
P. Gaertner, Meyer & Scherb) (mainly used in wastewater
treatment)
Phosphatase | Giant duckweedSpirodela Cleaves phosphate groups

polyrhizg

from large organophosphats

D

pesticides

Phytodesalination
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Bioremediation is a cost effective and nature friendly biotecloggl
that is powered by microbial enzymes. It is a nocganism mediated
transformation or degradation of contaminants intm-hazardous or
less-hazardous substancKarigar and Rao 2011).
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Books:
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2 — Gavin Lear (2016) Biofilms in bioremediation: current research and
emerging technologies. Caister Academic Press

3 — Villadsen et al. (2106).Fundamental bioengineering. Advanced
Biotechnology Series,™Edition, Wiley-Blackwell.

4 — Sangeetha (2016)Environmental biotechnology: biodegradation,
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development. Apple Academic Press

5 — Heimann et al. (2016).Biodegradation and bioconversion of
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and processes® Edition, Springer.

6 — Milind Mohan Naik and Santosh Kumar Dubey (2016).Marine
pollution and microbial remediation Edition, Springer.

Articles and book chapters:
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10.1007/s00253-016-7364-4
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Sustainable types:

- Sustainable forest management

- Sustainable phytoremediation

- Sustainable agroecosystem

- Sustainable development

- Sustainable exploitation

- Sustainable agriculture

- Sustainable chemistry

- Sustainable sanitation

- Sustainable Sciences

- Sustainable energy

- Sustainable living

- Sustainable studies

- Sustainable city....etc.

Sustainability principles

It includes: (1) reduce dependence upon fossilsfughderground
metals and minerals, (2) reduce dependence updhetymchemicals and
other unnatural substances, (3) reduce encroachupent nature and (4)
meet human needs fairly and efficienthaines 2003
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Table 22: Effect of pesticides on different earthworm spediem 2010 till 2016

(adapted fronDatta et al. 2016)

Pesticide Earthworm Response Ref.
species
Atrazine Nsukkadrilus Chloragogenous layer and epithelial tiss| (1)
mbae damage; prominent vacuolations and
pyknoatic cells
Imidacloprid Decrease in body mass and cast produd (2)
Lumbricus at higher concentrations
terrestris and A.
caliginosa
Glyphosate and | Eisenia fetida | Severely affect development and 3)
2,4-D reproduction
Butachlor Eisenia fetida | The reserve energy from the chloragoge (4)
tissue is consumed which leads to redug
production of biomass and cocoon
production
Chlorpyrifos, Perionyx Toxicity decreased in the order— (5)
carbofuran, excavatus carbofuran > chlorpyrifos > mancozeb
mancozeb
Cypermethrin, Perionyx Order of toxicity— cypermethrin > (6)
endosulfan, excavatus endosulfan > carbaryl > - chlorpyrifos >
carbaryl, aldicarb > monocrotophos
chlorpyrifos,
aldicarb,
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monocrotophos

Imidacloprid Pheretima Increase in protein content in clitellum, | (7)
posthuma inhibition of some proteins in head and

change in abdomen after exposure.

Cypermethrin ang Eisenia fetida | Decrease in growth and reproduction (8)

chlorpyrifos

Mixture of Ni and | Lumbricoid Combinations of Ni and chlorpyrifos cau{ (9)

chlorpyrifos additive toxicity for earthworms. Worms
accumulate Ni and chlorpyrifos in their
tissues.

Imidacloprid Lumbricus Burrowing effects on A. caliginosa even | (10)
terrestris and A| lower concentrations but burrowing effeq
caliginosa for L. terrestris observed only at higher

concentrations.

R-metalaxyl and | Eisenia fetida | Enantioselective bioaccumulation of (11)

rac-metalaxyl metalaxyl in earthworm observed with
preferential accumulation of S enantiom¢

Dichlorvos Eisenia fetida | Weight of earthworm decreases. (12)
Reproduction and avoidance behavior
significantly affected.

Dimethoate Eisenia kinneari| A disturbance in the cellular enzyme (13)
system which led to profound changes ir
testes

Azinphos-methyl | Eisenia andrei | Reduction in burrowing activity and (14)
inhibition in cholinesterase activity

Chlorpyrifos and | Eisenia fetida | Cellulase and SOD (Superoxide (15)

fenvalerate dismutase) activity inhibited whereas CA
(Catalase) activity first increased and the
decreased.

Cyren, Ridomil, | Lumbricus Coiling, swollen body, sluggish (16)

Triplen, Mamba | terrestris movements and a significant decrease if
total sperm numbers. Cyren being most
toxic; Triplen and Mamba moderately
toxic, and Ridomil the least

Fomesafen Eisenia fetida | Low doses could not lead to oxidative | (17)
stress and peroxidation.

Chlorpyrifos Eisenia fetida | Melting and break down of earthworm | (18)
body was observed on higher
concentration

Imidacloprid, Eisenia fetida | Significantly inhibit fecundity and (29)

acetamiprid, cellulase activity and also damage the

nitenpyram, epidermal and midgut cells of earthworm
clothianidin,

thiacloprid

Trichlorfon, Eisenia fetida | The investigated effects on the enzymati (20)

dimethoate, activities ofE. fetidaand the observed

carbendazim,
tebuconazole and

histopathological alterations proved to b¢

sensitive biomarkers to monitor pesticide
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prochloraz contamination and are proposed as
alternative measures to evaluate pesticig
risks on agro-ecosystems

List of Ref.: (1) Oluah et al. (2010), (2) Dittbrenner et al01R), (3) Correia and
Moreira (2010), (4) Gobi and Gunasekaran (2010),006 Silva et al. (2010), (6)
Gupta et al. (2010), (7) Faheem and Khan (2010)Zi@u et al. (2011), (9) Lister et
al. (2011), (10) Dittbrenner et al. (2011), (11) &ual. (2011), (12) Farrukh and Ali
(2011), (13) Leena et al. (2012), (14) Jordaan.g2@12), (15) Wang et al. (2012),
(16) Ahmed (2013), (17) Zhang et al. (2013), (18wBr and Ahmad (2014), (19)
Wang et al. (2015), (20) Rico et al. (2016)
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1 —Sustainable food production and improved soil ijyal

2 — Preservation of biodiversity and their interactioior agro-
ecosystem’s efficiency

3 —Synchronous nutrient dynamics

4 —Reduced energy requirement and improved efficiency

5 - Enhanced accumulation of SOM (carbon sequestrafind)resource
pools

6 — Effective natural check on pests by natural anegirated pest
management

7 —Abridgement of socioeconomic gap for inclusivevgito

Sustainable thinking for
1- People
(Social equity, Farmer's support & encourment, l&atquity)
2- Water
(Water effient technology, water storage & conseova
3- Air
(Green house gases emission)
4- Soil
(Soil C dynamics, nutrient use effieccy, soil aggte,
above-belowground interaction)

Fig. 8: lllustrative representation of various environnantcomponents for
sustainable agriculture accordingSavastavaet al. (2016)
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W e 520164 5 2015xle 43l Pandeyx osSall sl (3 4l

gl Cpolaall il gl (pa QAR Ayisl) Aalaall Lin o1 5355 — 6
Env. remediation technologies for metal-contamindteoils

ae e 5t (pey i Adliaal) oLl A il gl Aliay il g elalal) Sl
Sl el a3l 5 as e (g0 038 lia Gl 3l V) Lol 5 Al allall slaia) 138 g
Dan el 2 ) bl (e waal) gl QA 5 &Ll laliall dadlas aa i 53
4o daall slug)y Gua A8 Gleld Caie 5 regional legal initiatives) s
sl Gl j iy g V) Ales 5 oml )Y 58 dd ) seall gl guanl)
srs0sY) A 5 )3l 5 (CCD) sacaill AndlSal saniall aeY) il flas) CHLBLEY) o8 aaf
Gt A 5 non-bindingaliall U geead dajle e cldlan) o lada 5 4 53 dleal

:(Hasegawa et al. 201&Jlll iy

» The Stockholm Declaration on the Human EnvironngeiN, 1972)

* The European Soil Charter (Council of Europe, 1972)

* The World Conservation Strategy (IUCN, 1980)

* The World Charter for Nature (UNEP, 1982)

 The World Soil Charter (FAO, 1982) and the WorldiSdéolicy
(UNEP, 1982)

* The Rio Declaration on Environment and Developn{ei, 1992)
and Agenda 21 (UN, 1992)

rJie A LAl A gall OIS g3 5l 5 Dlaalaall  SLEEY) any & jelda o
1. The Convention to Combat Desertification (CCD) (L1994)
The Convention on Biological Diversity (CBD) (UN995)
3. The United Nations Framework Convention on Clim&teange
(UNFCCC) (UN, 1995)
4. The Kyoto Protocol (UN, 1997)

N
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The European Commission released its soil protecttcategy

ALY 2l 5 Leliall clilaal Jadil ¢ g 4y il Gligle o g y2e 8 LS
it 3Ll i slall aal e Wal de ) ) 3 andis Al 4 sl o) gall (e b e 5 Clagaall
B 5 gliall Clae 5 A pdall Glandl 5 cluddl 5 Jg ) g el 3l g ALEY ualiall
5 obally Ly sl SN L) (40 9 35 9 31 Jial AL pualiall ) ) Al 3 LS
daa e Sin Al &l S W 5 (van Liedekerke et al. 20)140 s e 4 5l
Al iy Gl 138 dallee (8 LIS daull 5 (e 5 — de )30 — () skl — Lyl
EY slaall culS Uia e (Hasegawa et al. 2016) craill (e &Y 5 laa 5 pad 4
bia sl iS5 G jels L sl oSl e (A i ) a8 e 5 Clislall o2 dallaad Say0])
By o sSigll ale Sk o 3S 5 s L WSl g de st a5 Al dallaall
Cilea Al o gand allall obiii] cuda il dagall 320 ) 5l o slall (o 1 935 il Gle e
L sl oSl oda oy shgm an e sl ed) 5 Al g olaall o i hal) A1) S (16
WS environ. Friendlyiull assa 5 effectiveddlzd 5 low cost (el daass 5 yuiad
Oe Os8 All ge clild) A1) 4SS e Wi Rabbani et al. (2016)e <y a5
05538 5 3 das Aalie cllia ) g 3y e il iy all 2 gdan & slall o Jelall A
Gl all bl Gl Cus el 1Bl e (o 7 shaall o aSlicl Ll gyl Ol
2l slall dadil) o Jeldil) adl gal Jpagl 5 de sl o sl aaaldl @l 4 i gl
i Of Lgaladin) cldliie cava (s e ) se yaiad ) ) Ay 5l o) gall Sy e gae
el a8 e 5 gl e CadSH Loayl oS1s Cashll 5 gl Al Y dad
Al Aalleall B sac) g Jil g aiad Leil L] 4 6300 ) gl 02 (yailiad

pla iy G lall s3a (e alail) (8 G g 3 Hl G glall (g ALEN Galaal) et
oaboall aal s o & Al 5 syl dsa 23¢5 ) 5a5Lull ALE jealiall o3a aaf 5 las
alaain) oSal 8 5l e 5 ISl — Bl — Gl — a g SU — 4 gnadlS — G N —
O A Ga elly 5 lady A il ALEN paliall 028 (e paladill (8 4 e ) Sy Sl
o3 i yd 3 5 (3lan 3y sem o iy jall ode ol et 4 i e Led ) 5 ) iy s
S pabiaadyl cllee JA (e 5l (e ALEN ualial) 4 3] (8 a5 Bl e iy 3l
oo Aldll ,aliall o3¢) adsorption and stabilization or immobilizaties!)
i Loges 5 (Almaroai et al. 2014; Rabbani et al. 2P183 <l s 3ok
adsorptive and reactive sseud & skl cal Y1 dalas e 3l Ll Al o sl
A8yl b A5V A8 k) e Wl (Wei et al. 2013%alladl) 46, )k e Gllb adiay
Jbiad s 4 5l e (Cu, Hg, Cd and Crlic) L&l pealiall (o aladll 8 32c)
ol aaall 55 sl sl dalie Cun ddle 3L il IS Laddig ddag Ll
— il Jie clilee &gan raalid regctive materialgsill 4g jhll Al 8 Loy
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O aaall la ek J8 LS el dalid) sl Jsati o dallaad) dulee £UE Caray
o Al oledd) Al 3 L) (g (alddl b skt o e ) A s i) 3 sl
AEN jualial) o alaall Bbee yiiad A o 5 Gmny 2525 e a2 )l Sl Adsadl

.(Rabbani et al. 20362 s3>+ JI 3

Ad el A8Ual) L) 5 48l Aallaal) — 7
Phytoremediation for green energy

Ligme pe gl CulS Lgume skl o paliill oY) 8 bl Aallaall aodiud
Al lallaall oda (ga BaldEY) alalad wa (ST 5 (il 5 sl slsn sl olsa T 4 y3) Al (e
o i slall LaS) jia (ud dadleal) dlany o 58y 3 Jgeanall 5 clail) ()5S0 ) gl i
bl ae ) gy xSy Lo elld e dils alae§ Jal 5 daydaill d8U L) A dlasiin) ¢Sy
33 e dlall 5 Al dallaall <y S5 3 Al Gl i Gueddl A adl 2 s Aallall
s dyinall 28 sall alaza 43 30 300002

rob b e s didall s o xSl s ye g el aal aa ) oSay

1 — Tripathi V., S. Adil Edrisi and Abhilash (2016) Towards the
coupling of phytoremediation with bioenergy prodoict
Renewable and Sustainable Energy Reviews, 57: 1386-

2 —Pandey V C, O Bajpai and N Singh (2016)¥Energy crops in
sustainable phytoremediatioRenewable and Sustainable Energy
Reviews, 54: 58-73.

3 — Fernando A. L., B. Barbosa, J. Costa and E.G.apazoglou
(2016). Giant Reed Arundo donaxL.): A Multipurpose Crop
Bridging Phytoremediation with Sustainable Bioeaogo
Bioremediation and Bioeconomy, pp: 77-95.

4 — Pandey V. C., O. Bajpai and N. Singli2016).Energy crops in
sustainable phytoremediatiodRenewable and Sustainable Energy
Reviews, 54: 58-73

5 —Bauddh K., K. Singh, B. Singh and R. P. Singh (20)6Ricinus
communisA robust plant for bio-energy and phytoremediatid
toxic metals from contaminated soil. Ecological Eegring, 84:
640-652.

6 - Annapurna D., M. Rajkumar, M.N.V. Prasad (2016).Potential
of Castor BeanRicinus Communis.) for Phytoremediation of
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Metalliferous Waste Assisted by Plant Growth-Prangpt
Bacteria: Possible Cogeneration of Economic. Prsduc
Bioremediation and Bioeconomy, 149-175

7 — Kubatova et al. (2016)Effects of Sewage Sludge Application on
Biomass Production and Concentrations of Cd, Pb Amdn
Shoots of Salix and Populus Clones: Improvement of
Phytoremediation Efficiency in Contaminated Soi&oenerg.
Res., DOI: 10.1007/s12155-016-9727-1

8 — Lang et al. (2016). Characterization and Evaluation of the
Potential of a Diesel-Degrading Bacterial Consontilsolated
from Fresh Mangrove Sediment. Water Air Soil PoIR27: 58.
DOI: 10.1007/s11270-016-2749-7

9 — Helena I. Gomes (2012)Phytoremediation for bioenergy:
challenges and opportunities. Environmental Tedmol
Reviews, 1 (1): 59-66. DOI: 10.1080/09593330.209@M8.5

10 - Gismondi A, Di Pippo F, Bruno L, Antonaroli S,Congestri R
(2016).Phosphorus removal coupled to bioenergy produdiion
three cyanobacterial isolates in a biofilm dynangoowth
system.Int J Phytoremediation. (in press)

11 - Andersson-Skéld et al. (2015). Bioenergy grown on
contaminated land — a sustainable bioenergy canttiBBiofuels
5 (5): 487-498
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Ol 2l A8 p3a ()Y Tk o gl Aallall Asld) e da g yladll Cile gaa sall sl
A<ia 5 Env. Pollution i) & ol 2 La o by Alladl (3,55 sl O b i
il U o 3 )shdll g3 A4 L 5 biofuels or bioenergy plantsall -l
b Al Al Al Gl aadia) ol Lle 48l sda e S5 sl cilul
iy daldicall Aol datlaall JMA e @lld o35 Ll ozl JY) — puadll s o)) — caulas
5SS (A 5 L Aallaall dlac (358 ddlia) il 8 BlA (i jyan clld 5 4 IS dpal i)
bioethanol and biodiesels) sl 5 Jmsall & 5 phytoproductsgisis &) s
A L) b aadieg
b Lealiin) Ko ) plant speciegslill 1591 (e aaall 3ga gl 1k
leie Al dadladd) dilee oL Clatiall (o el Lo Lia J ganll 1) 4Ll dalladl)
sl e s Cly JEINI 6 gaaldl Glaldll 5 QlEaY) s GV 5 O gl 5 Jsili) sl
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ol Cuda Eua 3UBY) o Leadie] (o &y gal) AU ] s il (e i Le JS0 5 i
b Al samy J3buill ity Gd pa 5 de siial) Aadail) 28l june e Ld Ll oyl allal
O Ay gl A8l ) Jpealnall el ) o g sill 38 Y Lea sl e Y Lpa Y1 gtina
Glulull 5 clalagy) 55580 5 Cianall Ll (e Jae 39 & Jiaii 4 slall ual )Y)
& Y sl de gena Jiati 5 SWOT A sy awls (Tripathi et al. 2016)
Al Jalsal)
current status of pollutiogsill s siwal I sY) auzasll 20835 5 5 i (1)
the level and types of pollutantss sll g 55l 5 &gl (5 sive 1025 (2)
Luld 3 ) gem 8 sl (28 (5 sl e il slall dpen 520 (3)
the toxicity of single and mixed pollutants
Saaslia 5 Jaad e L3l lids 4y goal) A8 Jualae 3 ja 5 23835 55 (4)
Al yall Al gl il glse Cand il e A8 e gh a8 Lelalay cli skl KK
Leadle
inventorying bioenergy crops according to their lyggdn tolerance/
resistance/ accumulation level and adaptation patefiripathi et al.
2016)

Jia (8 Alie Cllasl i g LY 35 pm llia o8 AL Y il 238 G Tams
Jaalaall sai C¥are ket Lo el o 5 2 @)kl s o (1) 8 Jiati Alall o2
(2) el il 5 Lalid) Cagplall Caline Cant Sld 5 &y gual) Aaal) LY 5 lia)
35 v ole Sl (3) (el Tl il ) SR o <l shal) i) Julis e Jaal
48 guall Al 2355 5 g pia (4) O lelal) sda 4y Giaad Al ) aUail) Aadle g sle)
5 (6) A8l claiiall 03] (hilgd 5f) dal gm gy 55w (5) Al laiiall 03g]
b Siae JSS Ll oUsil) dalaind 5 Al Bled ye 55 mm o aSU AL a5 1Al
il find 5 Jayl pun e 2285 Le (g 528 ey gl ALl U] Flee Al Aalladl) ke
35 WS Aiin aie ST Ll ray (g B3 slall aal V) (g0 Ay gon) R 20 Blee ()0
Tripathi et al. (2016) o=
b skl Al ) g Al dadleal) b anacing Al cllall aal die (a8 gl oSy
_t})ﬂ\ - Cilbadiall et Al 54Ul sae) ol UL de gane YA (e 2l g
(23 a8, Jgaall) b e 5 s Sl e — gecall — (33laall QL — ) sl
Dedicated and promising energy crops for phytorena¢éon with
multiple benefits:
1- Miscanthus species
2- Castor bearRicinus commun)s
3- Jatropha curcas
4- Populus species
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5- Kenaf {ibiscus cannabinuk.)

6- Cardoon Cynara cardunculus

7- Giant reedArundo donax..)

8- SwitchgrassHanicum virgatum

9- Canary reed grass (Phalaris arundinacea)
10- Willows (Salix spp).

11- Gum treesHucalyptus camalduensgis

12- Black locustRobinia pseudoacacja

Table 23: Energy crops in sustainable phytoremediation (athpbmPandey et al.

2019
Plant family and Pollutant remediation aspects Bioenergy aspects
species
Poaceae: Phytoremediation of sewage water and Bioethanol production
Miscanthus sludge from biomass
Favors soil microbial and invertebrate
activity

Bioaccumulation heavy metals from
contaminated soil (As, Sn, Cd, Cr, Cu,
Ni, Pb, Zn and Al)

Phytoremediation of organic pollutants
from contaminated soil (Polycyclic
aromatic hydrocarbons, petroleum and
pesticides)

Euphorbiaceae:
Jatropha

Phytoremediation of heavy metal from
contaminated soil (Al, Fe, Cr, Mn, Ar,
Zn, Cd and Pb)

Biodiesel productiorn
from seed Oil

Phytoremediation of pesticides
contaminated soil

Capable to sequestrate atmospheric
carbon

Euphorbiaceae:
Ricinus

Phytoremediation of lubricant oil
contaminated soil: DDTs, Cd, Pb, Zn,
Arsenic and other heavy metals

Biodiesel productiorn
from seed oil

Phytoremediation of municipal waste
water and sewage sludge

Capable to sequestrate atmospheric
carbon

Salicaceae:
Populus

Phytoremediation of heavy metal
contaminated soil

Bioethanol production
from biomass

Phytoremediation of Cd, Cr, Cu, Se, Pk
and Zn

Thermal energy by
biomass

Phytoremediation of industrial organic
wastes, atrazine, trichloro-ethylene ,
chloroacetanilide
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Herbicides as well as toxic explosive
TNT, landfill leachate and tannery wast
out flows

Capable to sequestrate atmospheric
carbon

Salicaceae: Salix

Phytoremediation of Cd and Zn from
contaminated soil

Bioethanol production

from biomass

Bioaccumulation heavy metals from
contaminated soil (Cd, Cr, Cu, Ni, Pb a
Zn)

PoaceaeArundo | Phytoremediation of soil contaminated | Bioenergy productior
donaxL. with Cd, As and Ni from biomass
PoaceaePanicum | Phytoremediation of soil contaminated | Bioenergy productior
virgatumL. with Cr, Atrazine from biomass

Phytoremediation of crude oil and PAH

polluted soil
Myrtaceae: Phytoremediation of soil contaminated | Bioenergy productior
Eucalyptus with As and other heavy metals from biomass

Bioaccumulation of Pb, Zn and Cr

Bark in the treatment of water

contaminated with Hg, Cu and Pb, Cd,

Cr, Fe, Zn and Cu

Used for Bio-drainage

Adsorption of atmospheric particulates
Cannabaceae: Phytoremediation of soil contaminated | Bioenergy productior

Cannabis sativd..

with Cd, Cu, Pb and Zn, Cd, Cr and Ni
and other heavy metals

from biomass

Phytoremediation of soil contaminated
PAHs (Benzo[a]pyrene and chrysene)
contaminated soll

N

N

N

N

Linaceaelinum
usitatissimund.

Phytoremediation of soil contaminated
with Cd, Ni and other heavy metals

Bioenergy production
from seed oill

N

N

Malvaceae: Phytoremediation of soil contaminated | Bioenergy productior
Hibiscus with As, Fe, Pb and Cd from biomass
cannabinud..

Sludge contaminated by trace metals

Lubricating oil contaminated soil
Compositae: Phytoremediation of soil contaminated | Bioenergy productior
Cynara with Cd and As from biomass

cardunculud..

N

Phytoremediation of sewage sludge

PoaceaePhalaris
arundinaceal.

Phytoremediation of soil contaminated
with different heavy metals and trace
metal

Bioenergy production
from biomass

N

Phytoremediation of soil contaminated
PAH and Polychlorinated biphenyl-

(PCB-)
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A8Uall Jpealone 5] 5 il shall (30 Galdill 5 bl Aallaall s Jasl Sl 8 Gaxilly
iegall al )Y 5l marginal land$aislel) ol JY1 Alla b alalaty Gl G i 4 guall
ZU) Clalie Lglas 8 Jaxi ¥ i ol V) Loyl a5 Aumidie sass da0 @)
Ll el 30 lalue i L g sl ol W g 558 A 5 At )l Jpalaal
axa ol Badly 5 Sl diadl e A8 Jualas de sena ogd Al Jualas oo Ul
Dy iy il 5 S Cand Al Aalladl) 5 28U Jualae ey sl 3 il 5
Al dalleddl (ol el b aading Al d8Uall Jualse Calide s agall (e Sl
A skl al SV 6 g3l Calidg
OV Y A sthaal) 5 5aY) (e iy A8l Jualaa del ) (2 sl Of (e a2l e
eashsnll g gl 8 (e ¢gan Lgaal augill 138 Ga Al Gl grall Ao gena Sl
feh LS L e g obaall lblgia) ¥ ara 3ol ) — A il Clbdkall Cal i) — 4 il
Constraints and problems in energy crop cultivation
* The loss of biodiversity
* Land use change
* Low yield and limitations of carbon sequestration
* The nutrient loss in soil
» Seed poisoning.
e Much water requirement
* Scenic changes
» The fate of phytoaccumulated pollutants
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contaminated soil and water with nicotipgsSall oluall 54 il & gli —10
Bioremediationi sSalb 45 slall slpall 543 il 4 gl dallaall — 17
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bl il (el Al 5l il paball Mea) e 90 45 <ol L 5 5Y)
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slaal L )l al gl o Le 5 Sl oa Lo M Ala sl ) 5 e sa )l ey (3 )
dslad & St 8 Sl e Aadlll 3Ll SEY) (& Lo () (i &5 908 Sl
e il ngail) Jal (e @lld S €0l g8 A 3 008 Sl S oale ) J a5l
iy A bl g T jaae 0 Sl Jlie) (Sa b sl Sl o) Gl ) A
O sS3 lilal) aadaind Ja a5 YT Led i aill e Y (s AT dlia dllia & Syl Lele
G 1A AT 5 €0 Sl 3a () Lgada ) g plall a Le  Slelalay (o sSll Blas
o sl bl &gl e et il il jall yoany

ae ol (55 mall G — I 5 5V Gl LS — QS 13g i g LS
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Table 24: Secondary plant metabolites content in vegetgbleansome et al. 2008)

Compound Vegetable Concentration Vegetablg Coratéont

Flavonoids

Quercetin Broccoli 3.12 mg 100'¢fW | Cabbage 0.01
Lettuce 1.95 Onion 13.27

Apigenin Cabbage 0.01 mg 100 BW | Celery 4.61

Luteolin Cauliflower | 0.08 mg 100G9FW | Celery 1.31
Spinach 1.11 Sweet pepper 0.63

Myricetin Lettuce 1.11 mg 100'FW | Spinach 0.01

Phenolic acids

Chlorogenic acid| Beans 0.29 mg 100RWN | Carrot 10
Cauliflower | 0.14 Lettuce 0.42 - 23

Caffeic acid Carrot 0.1 mg 100" W

p-Coumaric acid | Cabbage 0.21 mg 100RW | Cauliflower 0.31

Sinapic acid Cauliflower | 0.15 mg 1005FW | Turnip 1.4

Lignans

Lariciresinol Broccoli 972 mg 100 gFW Cauliflower | 124
Kale 599 Lettuce 5
Onion 19 Sweet pepperl64

Pinoresinol Broccoli 315 mg 100'd"fW | Cabbage 568
Kale 1691 Sweet pepper 1

Carotenoids

a-Carotene Tomato 112 mg 100 BW | Carrot 4.6
Peas 19 Sweet peppers59

S-Carotene Broccoli 779 mg 100" W Carrot 8.8
Peas 485 Tomato 393

Tocopherols and tocotrienols

a-Tocopherol Broccoli 1.44 mg 100'¢W | Cabbage 0.21
Carrot 0.86 Celery 0.26
Onions 0.04 Spinach 1.96

p-Tocopherol Carrots 0.01 mg 16@ FW | Lettuce 0.01

Quinones

Phylloguinone Broccoli 102g 100 g FW Carrot 8.3
Celery 29 Cucumber 16.4
Lettuce 24.1 - 127 Onion 0.2

Sterols

Campesterol Broccoli 6.9 mg 100 §W Carrot 2.2
Cauliflower | 9.5 Onion 0.82

Alkaloids

a-Tomatine Tomato 521 - 798/g FW

a-Solanine Potato 0.01-0.43 mg/kg FW

Glucosinolates

Glucoiberin Broccoli 17.1mol/100 g FW | Brussels 1.5
Cauliflower | 1.34 cabbage 3.88

Glucoraphanin Broccoli 294mol/100 g FW | Brussels 0.55
Cauliflower | 0.31 Cabbage 0.35

132




Ot oSl A1 3830 31 gall g i) & gls Galll) )

Table 25: Plant secondary metabolites with commercial relegaadapted from
Alvarez 20149
(1) Dyes, flavours and fragrances
Dyes: anthocianins, betacianins, catechu, haematoxydimboge, indigo, rubhada
saffron, madder, weld
Flavours: asparagus, celery, cinnamomum, strawberry, vanilla
Fragrances cinnamon, capcaicin, eucalyptus, garlic, jasmiamon, mint, onion
patchouli, rosewood, sassafras, sandalwood, vetBweeteners: steviosids,
taumatin, miraculin, monellin
(2) Agrochemicals
Azadiachtin, dictamine, ecdysterone, harmaline, amadliones, neriifolin
physostigmine, piretrines, polygodial, rotenon@ngdine, salannin, wyeron
(3) Pharmaceuticals
Ajmalicine, artemisinin, atropine, codeine, diggxidiosgenin, hyoscyamine, L
dopa, morphine, paclitaxel, quinine, scopolaminerpantine, shikonin,
vinblastine, vincristine

1)

Alkaloids il SIS A gana —3

Agide dyia 5 i el B e (5 giad LS jall (e de gana il JISIY) Cile gana yiiad
Daaall 3 e il jeaay Al die oy JSIY) Gt 8 5 Aied) Galeal (e Ll
e 50l Ll iy oa il SV o2 Gl LS Claladin) e byt 57 50all Z30e
OV (o A5 el culay IV dae a5 DleY) gl Claiea gy 5S3 alaa YL Lol Y|
(10 pdy Joall 8 LeS) oy SV 038 i (S 5 (26 pdy Jgaadl) 550000 20 L
((Alvarez 2014 b L IS Ll e
L 35 1 dall e Y1 ailind 3 CNERY) — (1)
i 30 e (ggiad () k) (S i b SR Gl e — (2)
pyrrolidine-, indole-, piperidine-, pyrrolizidinet;opane-, quinoline-,
isoquinoline-, aporphine-, imidazole-, diazocinuripe-, steroidal-,
amino-, and diterpene alkaloids
analgesic, narcotic, etglS ¢! sw o sl sSla ) Llial) Gl e — (3)
) Collall b Ol IV peaas s adlile 5 ) apaii Gl e — (4)
Cannabinaceous, Rubiaceous, Solanaceousl s iulall sl 4
s Awlaie Ja eas cyclic nucleussl 4l clasall Gl e — (5)
heterocyclic, non-heterocycligilall 4uilaia
0 agie Al O 5 il GISH 0 20 (M sa gt 5 (¢ 5S5 lilall alare (Ol aledl as
Ll (8 (anliid il iy SISV o2 50 oo Wl el SV o38 (e g 55 (e S
(0o Sl e 5 plaall (e Al g
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Hans-Joachim Kndlker (2016).The Alkaloids, Volume 76. Academic

Press.

Tadeusz Aniszewski (2015)Alkaloids: chemistry, biology, ecology and
applications. Second Edition, Elsevier Science
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Eduardo Sobarzo-sanchez (2015)Alkaloids: biosynthesis, biological
roles and health benefits. Biochemistry researmehds series. Nova
Publishers

Shinji Funayama Geoffrey A. Cordell (2014)Alkaloids: A Treasury of
Poisons and Medicines. Academic Press

Hans-Joachim Knolker (2014).The Alkaloids: Chemistry and Biology
73: Chemistry and Biology Academic Press

Nicole M. Cassiano (2013)Alkaloids: Properties, Applications and
Pharmacological Effects. Biochemistry Research dseiberies
Nova Science Publishers, Inc.

Kishan Gopal Ramawat and Jean-Michel Mérillon (2013 Handbook
of Natural Products: Phytochemistry, Botany and detism of
Alkaloids. Phenolics and Terpenes. Springer

Shakhnoza S Azimova and Marat S Yunusov (2013)Natural
compounds — alkaloids: plant sources, structure praperties.
Springer New York

Matsumura E, M Matsuda, F Sato, H Minami, K G Ramawat and J-
M Meérillon (2013). Natural Products: Phytochemistry, Botany and
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ReferenceSpringer-Verlag Berlin Heidelberg
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Table 26: Main types of alkaloids and their chemical gro(fpsm Aniszewski 2015

Alkaloid | Precursor Chemical Group of | Parent Examples
type Compound Alkaloids Compounds
True L-ornithine | Pyrroline alkaloids | Pyrrolidine Cuscohygrine, Hygrine
alkaloids
Tropane alkaloids Tropane Atropine, Cocaine,

Hyoscy-amine
Scopolamine/ hyoscine
Pyrrolizidine Pyrrolizidine | Acetyl-lycopsamine,
alkaloids Acetyl-intermedine,
Europine, llamine,
Homospermidine,
Indicine-N-oxide
L-lysine Piperidine alkaloids | Piperidine Anaferine, Lobeline,
Piperine, Lobelanine,
Pelletierine,
N-methylpelletierine,
Piperidine
Pseudopelletierine
Quinolizidine Quinolizidine | Cytisine, Lupanine,
alkaloids Sparteine

Indolizine alkaloids | Indolizidine | Castanospermine,
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Swansonine
Nicotinic Pyridine alkaloids Pyridine/ Anabasine, Evoline,
acid pyrrolidine Cassinine Celapanin,
Evonoline, Evorine
Maymyrsine, Wilforine,
Nicotine Regelidine
Protoal- | L-tyrosine | Phenylethylamino Phenylethyl- | Hordenine, Mescaline
kaloids alkaloids amine
L- Terpenoid indole Indole Yohimbine
tryptophan | alkaloids
L-ornithine | Pyrrolizidine Pyrrolizidine | 4-hydroxy-stachydrine,
alkaloids Stachydrine
Pseudoal-| Acetate Piperidine alkaloids | Piperidine Coniine, Coniceine,
kaloids Pinidine
Sesquiterpene Sesquiterpenq¢ Cassinine, Celapanin,
alkaloids Evonine, Evonoline,
Pyruvic Ephedra alkaloids Phenyl C Cathine, Cathinone,
acid Ephedrine, Norephedrin
Saponins | Steroid alkaloids Cholestane, Conessine,
Cyclopamine, Jervine,
Pregnenolone, Solanidin
Squalamine, Tomatidine
Adenine/ Purine alkaloids Purine Caffeine, Theacrine,
guanine Theobromine
Theophylline

Table 27: Plant alkaloids with biological activity (adaptedm Alvarez 2014

Alkaloid Source (scientific name) Biological activity
Arecoline Areca catechu Stimulant

Atropine Atropa belladonna Anticholinergic
Berberine Berberis spp. Pigment, mild antibiotic
Caffeine Coffea arabiga Stimulant

Cocaine Erythroxylon coca Anesthesic, stimulant
Coniine Conium maculatum Paralysis of nerve endings
Ephedrine Ephedra sinica Bronchodilator
Mescaline Lophophora williamsii Hallucinogenic

Nicotine Nicotiana tabacum Neuroactive, insecticide
Papaverine Papaver somniferum Muscle relaxant
Piperine Piper nigrum Spice

Quinine Cinchona ledgeriana Antimalarial, bitter
Reserpine Rauwolfia Antipsychotic
Strichnine Strychnos Poison

Theophylline | Camelia sinensis Stimulant

Vinblastine Catharanthus roseus Antineoplasic

i ) Ay aleal) e casidl al) ed Addall cly JSY) e Ll
e 3 go Cld Slay IV 038 5 pa g sl & heterocyclic ringiwilaic je clals
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Table 28: Top global tobacco producers in 2012 accordingA® (2014)

Country Production (tonnes)
China 3,200,000
India 875,000
Brazil 810,550
United States 345,837
Indonesia 226,700
Malawi 151,150
Argentina 148,000
Tanzania 120,000
Zimbabwe 115,000
World 7,490,661.35
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Table 29: Nicotine and tobacco at a glance (adapted fafi 2007)

Item Details

Prevalence | Nicotine, which occurs naturally in tobacco, is @i¢he most widely
used drugs in the world. Globally, more than 1.lidn people use
tobacco.

History Use of tobacco began among Native Americans at [E&00 years
ago. It spread to the rest of the world after Gbpker Columbus’s
1492 voyage to the New World.

Usage Tobacco is smoked in various ways or chewed. Bytli@ most

common use of tobacco is in cigarettes.

Consumption
rate

Around the world, more than 15 billion cigarettes amoked eac
day.

[7)

Geographic | Smoking is declining in most Western nations, Ibus ion the rise ir

trends the developing world, especially Asia. One of evémee cigarette
worldwide is smoked in China.

Addictive The nicotine in tobacco is highly addictive. Mostople who star

effects using tobacco find it difficult to quit, despite ethhealth hazard

tobacco use presents.

[72)

Carcinogenic
effects

Tobacco is responsible for 87 % of lung-cancer ldeand for mos
cancers of the larynx, oral cavity and pharynx pésgus and bladde

=

Other health
effects

Tobacco damages virtually every organ in the bodgiuding the
skin. It contributes to heart disease and worseisetes.

|

112

success ratey

Business Tobacco companies make up a major internationalising, with
estimated annual revenues of $200 billion worldwide

Laws Nicotine is unregulated in the United States. Take ®f tobacco tc
youths is illegal but commonplace.

Treatment | Nicotine addiction is generally treated by nicotimeplacemen
therapy through gum or skin patches, which helpstheker break th
tobacco habit.

Cessation Smokers who try to quit unaided have a failure Gftabout 80 %

Replacement nicotine and cessation programs cufaihge rate in
about half.

Trends

In the United States, smoking rates have beemgaflince the 1960:s

Today, about 22 percent of Americans smoke.

Go dall s a8 o) pual 5 el 5 ol sy il adadial) SLaiad ks

Don Oakley, Slow Burn (1999)The great American Antismoking Scam

;;_ﬁﬂ\bhzaﬂd’.&}@ﬂ\a@jdﬁs;ﬂ\d}uﬁg\jgﬁ\

(and why it will fail). Gainsesville, VA: Eyrie.
Federal Trade Commission (2000)Up in smoke: the truth about tar
and nicotine ratings. Washington, DC: Federal Tr&denmission,
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O G el & sae s Lad 5 (Mancall 2004) il 2 Ly 3l cighl ¢ppual
(1070 BC—395 BCyxi Kl e (s 6ia3 mummiessue sall Gl jaall olaoadl)
& 5 (5000—4000 BC and 400-1400 AD sl & (cadaall JSuell daiil b
Hammond (2009)ce 2,5 WS 200—1500 AD 8l JMA G jlll el gal)

A e ganal) ) laall ) Cilaiie s (Say
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Table 30 Chronology of tobacco and nicotine (fravaff 2007and ASH 2016

Time | Details of event

away.

1492 | Native Americans give Columbus tobacco leaves gsgtahe throws them

1531 | European cultivation of tobacco begins in Santo Dgm

1548 | Portuguese cultivate tobacco in Brazil for commadrekport

then writes to the queen of France on its supposeative properties.

1560 | French naturalist Jean Nicot experiments with tobaas a medicine an

d

being fed a drop of oil distilled from tobacco leav

1665 | The poisonous nature of tobacco is revealed wheat alies shortly afte

=

nicotiana, after Jean Nicot.

1753 | Swedish botanist Carolus Linnaeus classifies tabancthe plant genu

(%)

caused nasal cancers.

1791 | London physician John Hill reports cases in whiclifs appears to hay

[¢)

1809 | French chemist Louis Nicolas Vanquelin isolate®tine from tobacco.

tobacco company, opens a London shop to sell haltetircigarettes.

1847 | Philip Morris, whose name is now associated witk thorld’s largest

organization now known as the American Cancer $padormed.

1913 | The R.J. Reynolds company introduces Camel bramareites. The

174

cancer is published in the Journal of the Amerigkaalical Association.

1950 | The first major epidemiological study to definitiydink smoking to lung

cigarette tar on the backs of mice creates tumors.

1953 | Researcher Ernst Wynder publishes a landmark sthdwing that painting

1963 | U.S. per-capita adult smoking rates peak at 4,38@ually, or about 12
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—

cigarettes per day. About half of all American namd a third of Americat
women smoke.

1964

The first surgeon general’s report on smoking suesl. In it, Surgeo
General Luther Terry reports that there is an aason between smoking
and cancer.

-

1968

Aiming to encourage women to smoke, Philip Momisaduces the Virginia
Slims brand with the slogan, “You've come a longywaaby.”

==

1971

Congress bans cigarette advertising on television.

1979

The U.S. surgeon general finds that smokeless tob#& also a health
hazard.

1982

Cigarette sales in the United States peak at @Rdrbi

1984

The FDA approves nicotine gum as a nicotine-replesrd therapy.

1987

The Joe Camel cartoon advertising campaign deBugsar later, the rate of
teenage smoking begins to climb for the first tim&5 years.

1998

To settle a massive lawsuit brought by states,dodbaompanies agree to
halt youth-oriented marketing efforts and to fumtismoking campaigns.

2004

Congress authorizes a buyout of tobacco farmeirsgibg to an end decades
of federal subsidies for the crop.

2005

A major study of students finds that youth smokivag fallen sharply since
the mid-1990s, led by a 56 percent drop in tobaseby eighth graders.

2006

Federal judge Gladys Kessler rules that major todb@ompanies engaged (in
a long campaign to deceive the public about thegei@nof smoking.

2007

The Government announces that the legal age foptinehase of tobacco
will be raised to 18 from 1 October 2007

2008

France bans smoking in public places
11 out of 16 German states ban smoking in pubices
Turkey's parliament approves a ban on smoking blipplaces

2009

Manchester City Council bans smokers from fostecimidren
New South Wales in Australia bans the display battwo products in shops

U7

2010

The Australian federal government announces plansah branding from
tobacco packaging
Finland becomes the®'Icountry in EU to adopt fire safety standards |for
cigarettes

2011

Spain introduces a new anti-smoking law which goakismoking in publig
places. The law also bans smoking in children’sygrlaunds and access
points to schools and hospitals
New cigarette safety standards come into forcecijlirettes sold in the EU
must now meet a reduced ignition propensity (R#uirement

2012

Australia becomes the first country in the worldéguire tobacco products
to be sold in plain, standardized packaging

2013

A manufacturer of electronic cigarettes launch@¥/advertising campaign.
Meanwhile, the Advertising Standards Authority ulglsoa complaint that
another company had misled consumers over theysaifés e-cigarettes

The EU Parliament Environment and Public Health VENommittee votes
to accept the EU Commission’s proposal to increasalth warnings to
cover 75% of cigarette pack surfaces along witleotheasures such as a
ban on flavourings and slim cigarettes

2014

The Government announces plans to ban the proxghpsing of tobacco i

-
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England and Wales

Smoking rates in the UK fall below 20% for the fitisne in 80 years

2015 | The Scottish Public Health Minister announces g@sal to ban the sale

electronic cigarettes to under 18 year olds

The European Commission proposes EU join the PobtocEliminate lllicit
Trade in Tobacco Products under the World Healthga@ization’s
Framework Convention on Tobacco Control

The French parliament passes a law to introducen psiandardised
packaging for cigarettes. It will come into effactMay 2016

What is nicotin& foigsall) gd la —5

ole sla in 2 ol Cag el (5 5basl 4uS 5 01 5 21828 ple (i oSl oS
Uaia sl s o sSs m 8 5162.234 Luall o5 s (Kutchan 19951904
YY) IQURKSPPPIPNER [ I PV JECAPRET DRC-SOR JU TP DEIA S POCPE WA
¥ Gs (Merck Index 1996)=s: 3l 5 s xS 5 SBY) 5 2585580 5 Jsasll
Ge 3oke s (CooH1gNp) isSall 5 60°C (e il 5 1al) da o il 1) slally 2 e
e g5 sn s (11 a8, JS&) pyrrolidine ringosadsom 4 5 pyridine G 4dla
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e AL 5 Lk o SO
Henningfield et al. (2009), Hammond (2009), Cunhiag et al.
(2011), Cone et al. (2012), Gonzalez Alonso ef(2012), Dewey and
Xie (2013), Roder Green et al. (2014), Mayer (201Ralfour and
Munafo (2015a, b), Hall et al. (2015), Falco andviBs (2015),
Schindler et al. (2015), Evans et al. (2015), Alasmet al. (2016), King
et al. (2016), Van Skike et al. (2016),

Sl il e dpaall dsabiay G sSal) o D (e paadl Js5 LS Js8l Aadls

e 21931 ale (i Sl Caa s 23 psychopharmacologicad! 4 sl sSle i sSuul
o= Henningfield et al. (2009)S3 WS Ll af Lid olaall il 8 Juedl) Jalad) 4
oSy alaii Al il g8l 5 2o ) wamy (o Al sal) ladaiall (any il ) e g Ui
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Al e gdsal daall gdaldl daall de o Sl il caa

N

Chemical structure of nicotine (C,oH4N,).

Fig. 11: The chemical structure of nicotine: (S)-3-(1-mét®ypyrrolidinyl)pyridine
and Nicotine-3D-vdW or (1-methyl-2-[3-pyridyl-pyididine], CioH14N2), (from
the free encyclopediavivw.wikipedia.org/27.2.201)6

e @il aul s alaia) @l Gl ge AUl 3Ll saell ol Al s
geal — il e OIS ) 5 — il Cundl e G Sl G aa g Cus dlall (5 gl
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Historical background of nicotine
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el tobaccouaa) (e daeS g il &8 55 V) & Les el G Cag grall (1
ey G sSaill e Jll Al s e 3 le e ddia 8 4 5 kel sda (o 5 Al
i) aie dald 5 cpiall QY die Glall Jaa e cpail) Glelia Gl Eua L)
Lo adl o 2238 laall il e Wl 5 Wagner (2003} 5S35 LS dy3loal 5 1S 5l
Gl S ) b aakiy ol il g Bl Tam Caiad () 5 GBSV o 4 padiy
cigar sl (e g 68 axaial 4y jlad) alabiall (laly 8 LS G153y
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Effects of nicotine on humans

Ga waall (B i U g Gl Led iy A ) Y] 8 s ol s Gl
Lo Jie 2aall 138 8 GBS e ela le dry i o) oS0 Ll YY) daliaal) el gall 5 il
:Naff (2007) e S L

“Almost single-handedly, smoking has transformed tuonancer from a
virtually unknown disease at the turn of the tweeth century to the

leading cause of cancer death at its conclusibn

—Kenneth E. Warner, quoted in Brian D. Smedley and S. Leonard Synds,, e
Promoting Health: Intervention Strategies from @&bcnd Behavioral Research
Washington, DC: National Academy Pre280Q pp. 417-18.

“You can’'t smoke a cigarette in a safe way. Cigagsttare the only
thing that, if you follow the manufacturers’ instrations, are likely to
kill you.”

—John Wyke, quoted in Kevin Mansi, “Banning CigéegeAds Can Save Lives,
Claims Expert,’Daily Record December 6200Q http://no-smoking.org

“Many of the world’s oldest people have smoked. JearCalment

smoked and rode her bicycle until the age of 10@ahed at age 122
—Smokers United, “We Are Americans, To@001 www.geocities.com
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“With tobacco there is terrible withdrawal; it is mlost impossible for a
lot of people. | did; I went cold turkey,... grass wanot difficult,

alcohol not difficult, but tobacco — oh my Gdéd
—Larry Hagman, quoted in “Dallas Interviews: Larridagman,” 2003
www.ultimatedallas.com

“Estimates of deaths from smoking are based mostly speculative
mathematical projections and should be treated withuch more

skepticism than is currently the case
—Joe Jackson, “The Smoking Issu2004 www.forestonline.org

“Just like smoking cigarettes, chewing smokeless atmm can
eventually rip apart your body and kill you. It'shat simple, really.

There’s no such thing as a ‘safe’ tobacco prodtict

—Steven Dowshen, "Smokeless TobaccoKidsHealth September 2004
www.kidshealth.org

“It's never too late to eliminate the effects ofttacco on your body for
both heart disease and for lung cancer, and for ethcancers as well.
But the most important thing | can tell young peaplor anybody is
don’t start smoking.”

—Jay Brooks, quoted in Miranda Hitti, "Peter JemgsirLoses Battle with Lung
Cancer,"WebMD Medical NewsAugust 82005 www.webmd.com

“Smoking harms nearly every organ of the body, caugsimany
diseases and compromising smokers’ health in gehebdicotine, a

component of tobacco, is the primary reason thabdcco is addictivé.
—Nora D. Volkow, quoted inNIDA Research Report—Tobacco AddictidiiH
publication no. 06-4342, rev. e@006 www.nida.nih.gov
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Table 31: The most genotoxic cancer causing chemicals iarette smoke (aapted
from Cunningham et al. 201}

Compound Mlcro_grams Effect on DNA Ref.
per cigarette
Reacts with deoxyguanine and forms DI
Acrolein 122.4 crosslinks, DNA-protein crosslinks and DN 1
adducts
Formaldehydd  60.5 DNS\-pro_tein crosslinks causing chromosot >
eletions and re-arrangements
Acrylonitrile 29.3 Oxigative stress causing increased 8-0x0 3
eoxyguanosine
. Global loss of DNA methylation (an epigene
LHaligelEne) 100 effect) as well as DNA adducts N
Acetaldehyde| 1448.0 Reacts with deoxyguanine to form DNA adducts| 5
Ethylene 70 Hydroxyethyl DNA adducts with adenine a 6
oxide ' guanine
Isoprene 952.0 Single and double strand breaks in DNA 7

References.:(1) Liu et al. (2010), (2) Speit and Merk (20023) Pu et al. (2009), (4)
Koturbash et al. (2011), (5) Garcia et al. (2018),Tompkins et al. (2009) and (7) Fabiani et
al. (2007)
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Liw Gakll o Cala (b (sisa Cigw agie 6 5 Ji Cig agie sl ol Jlaia)
s LS Al (e 0 5Sa agie 500 & ge Jlaia]
“If you took 1,000 young adult smokers, one will reirdered, six will

die on the roads, but 500 will die from tobacto
SourceRichard Peto, quoted in "The Burden of Tobacco Us&Psolute Advantage
2006, p. 24www.welcoa.org

5 e Bl D lie dadije A b G5 Al QLA A of Jaadl
Gl g iy Lo S Leadldl 5 Leilidle) (3 Gt (A Guaail) <S5 Lile (ge Jaladal (Sl
ST aa bl o Sl Al Ol il (e dpaedl a3 S8 g coail) A8 ) aa g
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“Smoking in movies is a risk factor for smoking imtion among US
adolescents. Limiting exposure of young adolescemtsnovie smoking
could have important public health implication’s

—James D. Sargent et al., “Exposure to Movie SntpKiis Relation to Smoking
Initiation Among US AdolescentsPediatrics.vol. 116, no. 5, November 2005.
http://pediatrics.aappublications.org

“To maintain business growth, tobacco companies ndedinitiate
thousands of new smokers every day. Hence, childheEguently are
exposed to tobacco ads in stores, on billboards amdertain sports,

entertainment and teen-oriented magaziries
—Sarah M. Greene, “Alcohol, Tobacco Campaigns Featiy Aimed at Women,
Children and Minorities,” IPRC Newsline, Spring 29%ww.drugs.indiana.edu

“Tobacco companies selling cigarettes like pineappled coconut-
flavored ‘Kauai Kolada’ and ‘Midnight Berry’ is anattempt to market
to youth, in my opinion. Even for the tobacco indug, this marketing
gimmick is beyond the palé

—Tim Pawlenty, quoted in Office of Governor Tim Reaaty, “Governor Pawlenty

Proposes Banning Specialty and Candy Flavored &tigarin Minnesota,” February
10, 2005www.governor.state.mn.us

“I would say that the most common reason though tt kids who
smoke often begin smoking to fit in with a peer gmwho thinks that
smoking is cool. Of course, once kids get hookdtyt smoke because

they crave smoking and find it very difficult tocg.”
—NMichael H. Popkin, "Dr. Popkin Interviews," Keepids from Smoking.com,
undatedwww.keepkidsfromsmoking.com

“We were getting new replacement smokers and weunminds, were

told to recruit 13—-14 year old boys
—David Goerlitz, cited in “Quotations fromobacco Wars1999.www.ash.org

“Tobacco companies have been aggressively targetirgtinos,
especially Latino youth, resulting in increased shkiog and
increasingly severe health damage to the Latino coonity.”
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—~Guillermo Brito, quoted in National Latino Counain Alcohol and Tobacco
Prevention, “Letter to Anabal Acevedo Vila, Govermmd Puerto Rico,” August 23,
2005.www.nlcatp.org

OSed GRS QLA Gle diday Blah Led baaay 5 i) Glial aaf g U
) Ll s ey

e Lo o slee 5l 5 0l 5 Gas USeY) Galsall (30 3000 Vs oF — (1)
O3 il 08 96 80 s o s o il 3 Y agil shad o glan A 17 512
A 18 512 0o Lo o)y S a5 cpaill | glay a8 Jadlly

3ol sy Cpdaill slgla 88 (S ) Guplaall OB (e 90 45 s o — (2)
Ol Glasy aodally dca je () 53585 £ Y 9 O Aaadle e Baal

220035le (& oS3 e il (G 96 22 (N sa iady el Lt A of — (3)
foma sl Jlaand) Jie cpaaill 5 AT 5k aadind A5l Al (e 1 9 6 JNss o

(Naff 2007) &2
Gl ABe Al (m pe s allall Joa Gl ge Cigar 15 6 s IS O — (4)
(3248, Jsaall)

Table 32: WHO report: Global Tobacco Epidemic in 2008 framvyw.wikipedia.org

Country Male (%) Fi:/:?le Country Male (%) F?:/:?le
Algeria 29.9 0.3 Egypt 28.7 1.3
Argentina 34.6 254 Finland 31.8 24.4
Australia 27.7 21.8 France 36.6 26.7
Austria 46.4 40.1 Germany 37.4 25.8
Bahrain 26.1 2.9 Hungary 45.7 33.9
Bangladesh | 47.0 3.8 Iceland 26.1 26.6
Belgium 30.1 241 India 33.1 3.8
Bolivia 34.1 29.2 Indonesia 65.9 4.5
Bulgaria 47.5 27.8 Iran 29.6 5.5
Cameroon 12.6 2.2 Iraq 25.8 2.5
Chile 42.1 33.6 Ireland 26.5 26.0
China 59.5 3.7 Italy 32.8 19.2
Costa Rica | 26.1 7.3 Japan 44.3 14.3
Croatia 38.9 29.1 Jordan 62.7 9.8
Cuba 43.4 28.3 Ghana 10.2 0.8
Denmark 36.1 30.6 UK 36.7 34.7
UA Emirates | 26.1 2.6 USA 26.3 215
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OOkl JEAY Ada Y 0 oSl AnaS AL — 8
How much nicotine can kill a humaf

Egaal (2355 G L) aal e Taaly iy AN gl of Wl Ba Las
0o % 1.5 s oisSall Jiey ¢ua (Hukkanen et al. 2005 ¢da il 4laY)
Gob oo il dle s LS Sy IS e % 95 s 5 e A solaend) (1)
s sind LS alall ilasdly 048 Sl e Jiles 355 e s 5iad Oral snuff s 4l
a5 RILS i Shal janlle 14 (N 10 e s> e tobacco rodaatall s el
O oS AaaS Ll s (il dans siall 8 451 LS KozIowski et al. (1998)a <l
.(Benowitz and Jacob 198fuaxill dddac ¢\ 1 t0 1.5 mgsdl s> Gu Le 7 sl s
4l=YL nornicotine and anatabingl) & 2l 55 3 <l JSIN) sl e
) 5) gl o Al (B a1 3 JSIYY g8 2 5 Nicotine odisSall sa 5 ¢ 55 aaY
(EFSA 201103 83 LS 200 10 8% sn el (e o8 5 a0 38 55 ) s
L ;5 cigar tobaccolasd) s i o < nornicotinex SIS (e (s sise el Loy
chewing tobaccquas ) &dll dla & S anabasined! (s« s sise Jil
Juas cigarettelaud) (ay Laie aadl of a3y WS (Hukkanen et al. 2009
(Wagner 2003 &b 4l sl 430 (e Jadd 51 5 10 O guime (A Feall ) o Sl
> sl Lgan Lile (e (il #l) IS 5l 4y a6 Lee el cadll Al 5o (8
¢l Connolly et al. (2007)a2a) (A clibasyl T ~L Y e 2l 5 3540
bl Ciaasl i ale Lo 8 Sl e yilaal) (o gine 33Uy s S A ba
L 5l J32 0.019 (1.1%) mg cig year' o 35 o sSall 3855 of clilasy)
Ll o i Lee 0.029 (1.6%) mg cig year' L s sisall 35 199720051
DAL 2 e it 5 Jadh (8 5Saill (g il (5 gina @b i Y il ) S 4
Aglaall o b agle aiad 5 oAl e Glaal) 3 sl e 255 G (AN 3l sall (amy
(17 (5 55 e ald i cillalally JISET) (lasyl) 138 (g £lill
dana e o Kall ALl il Auly dle am lle 5 a5 ann Losy 2yl e alaia) cllia
Gl all (pe Baall HAS Cagw 5 & yaa Cus human toxicity of nicotingsbwy!
Jie G (Ao 0 sl il e Baaa A gl ol daa am e Q) iy )
Chhabra et al. (2014), Shihadeh et al. (2014), Bsthlal. (2015),
Shihadeh et al. (2015), Maziak et al. (2015), Mebial. (2015), Xiao et
al. (2015), Kienhuis et al. (2015), Kumar et al013), Hirata et al.
(2016), Hirata et al. (2016), Malczewska-Jaskoial e2016)

Sle sind Al Clatidl By 8 gale e a3 dla of Lead Baady LS
ac yia) Al 5) smokeless tobacqBal aae gl cilatiall o3 aal e 5 o <l
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3 s AN o Sl gl adas WS 5 (21963 4le Herbert A. Gilbert <o Y
sall Juall 3y jh e Cuaa Sl ) electronic cigarettess s iKY il
LSa a1 5 A 551 (31 gmdl A5 SISV ilasdl 038 a5 8 5 220030l Hon Lik
e dsadl cle e Wl sl abiee 8 dalie & Ul 5 (a2007 5 2006 s
= e adultsglll (L) Al 3 60 mg or less (30—60 mgls sed o sSuil
dilute sl (58l Jslas e A 10 5| Jilaw 5 ki jngestion g of
38 60-mg- de s of sl Jul Gyl 13 JiE 8 picotine-containing solution
Mayer (2014):: <3S oral LDsy of around 0.8 mg Ko s<s
oral bioavailabilityebaicol dalic ;5 (4 Saill (e 9% 20 haié o Cus
0.18 mg L' sad L3l 3 5 ad i Casw 60 Mg als G wdll de jall o iy
G sSall (e dsee Ao a JHl (o 21 58) Sy 436 Hukkanen et al. (2005)83 LS
0.5-1 gl a 8lagl & iy 53 oY) aall gléadle 52 mg L (Jss (b pall
cle all a5 oral LDsp of 6.5-13 mg kg dises 4 ja jisi 5 085Sl (1
Sl de all o adall 5 (Mayer 2014) S cud il cle el dgliall ised
AL olasy) Jill 48 de a8 0.5 gose ST B8 ) 5 adlly 335

TObudy) Wgale (g3 Al Ll &gt ) jaaa ¢ gl e oSay b —Q
Is nicotine a contaminant for plant foods

il Jemy ) LA (e (80 Aty a0 Al (5 sl o i dale 8 ki
fep s e Glill Shaal g de ) Sl

Ledalay 0 oSl ()85 () LeiSay il (mmy o (& iy J5¥) Dl — (1)

ama (il yal 8 Jiadi dinae dlga) cig Al (i Lexie b 5 endogenous nicotine

P e o) 4l Sl all any (S e il St s W e 5 Galeall
Jis methyl jasmonate and salicylic acie as&i 5 <lbill clall el
o3 Jio cand o sSaill (1 oS5 e il aady Lea eliall leal) 1 dalall el jLay)
gkl

dss idae gl dag® Sl clilall &l 8 iy JA jaadll — (2)
G gl ¢y Sl ol ilandl las Cua 0 oSl 1an el W s Sl 5 dpalil) il
oA a5 il dasd Al @l dald 5 ikl L) it sl bl

O Al diay Cua 4 5l (e dsaliaia) (A Sy G Sl GIAN jaadll — (3)
Alile s =Y e w8 S butts of cigarettesiawl g Ll JSa

leale (i A bl gl T pame oSl 5SS Jed elld e
O G Lae W ey G 40l 53 qen A8 ma 5 4nifi (00 1Y (555 JIae 43) S0luasY)
ST ARl AN jaliadd) aal o jaan ()5S 8 gkl 138 Gl 5 aniy () S5 (o gan Al Y|
Sl MY aal g8 g) oSl of e Jas o (S Y 5 aaly g B jaae (e
= ) 4l (secondary metabolitea st (al WS & A 5 alkaloid
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Shileay) 5 herbivores—siall OISTs da jeall Sl Sall il yiay Caa il
Al e

(g8l obsall 9 Ay Al &35 —10
Contamination of soil and water with nicotine

o elalall 5 ofiall) olaia) 8 1) gaY) (e 0 sSailly Ayl 5 olaall sl iy
g ladly (el ole sl yiiay LaS ale (S8 Aol e jend 5l (e lIA L iy sl 2818
G 5 JalS e IS Sl a5 JB G sl daledl Lliadl) (e JUEl) Jias e Silal
s pall sl (i Sl (Senta et al. 2095858 Ay Jie Joall amy D3RG e
ondlSll diL=YU) (Roder Green et al. 2004<Wl i Wastewater <l
G ph3aS daladinl g Lo dihie lSu aas el 2e d didy 5 35S (caffeine
sl urban littergaadl dalall <l sSa aal (e saals yilandl Ll yie3 5 biomarker
Gasall Al 5 Al U gSall (e bada e s giad Al g el g aa e iyl 5 sl
lging Cun o sl allall gt e sl Glasy ki 5 elal) (8 sl Mo ¢y Sl
Las 8l 16 Gk La Lile 15 (e S & peal) clidll Allall oS (30 96 20 (N5
055 (ale 14 0o ST) alladl S (00 % 73 I sa ol WS (Giovino et al. 2012)
sl g daef e 5 5 16 billion cigarettes s Jul 16 e 3 b Las
8ol ke 10 0o 2 Lo sty g pedl 5 allall (IS 00 % 60 s ol sl
(Roder Green et al. 201490304e Jslss La s
Ghliall 8 ALl il 8 Aadlil) Hsad) (e Wand sl gladl ) sase
Lolall & g 8 LeS Al o A1 31 (40 2246 Yoo Lo g ) i A () 5S35 Cum 4y puanl)
KLY A O siay 0l 9 76 Lo sy alldl o2 o Patel et al. (2013%aY 3
L) oda JHIT o3 (a5 Al Ay ylay Ly (allil] (pe Yoy Aaladl) Aoy £ L) () 5, dalall
5 ele IS5 Al alaill g (Alabal) (SLeY) g o al g3l Jic) dilal) (s laall aly 5f JSi
cellulose acetatess Jlaice e bl O (e wial g L) oda Dl o Ao
Lalill (e 3 uS dpaal @b pilandl gladl (o AN 5 &, 0 shall BB jaas el Leild
Sl gLl o 4kl UG Losae 5 sl e QIS 5 Zpabeaiy) 5 duelaial) 5 Al
OS5 LYl oda q i Addee o i el 5l sl sladl paea (B (s sbadilly Ao ge Canad
Bantal Y Sl (8 S el DUt 5 o Sy U e Lgm 55 (5% e Al
(2l 5 convenience storegatiall 5 <l Ll ¢ LY oda )58 Gl S Y
(Marah & Novotny 2011) syl <l L) a5 gl Js gai Cldana ¢ i) s Ol
) 8 5 bl a5 sasl ol Sl o Ul ) dllia of i e 8 LS
Jsd o8 5 Lalall 8 LeS) dadiiiall 5 Aayinall Jsall 8 (il wia cpoil 8 e Lakad
Al e k) i la e 5 el il gLl L) mual (:20085ke dia Lis
g ladl & jla @iy 5 ol ) Sal M5 Y 5 ayind o8 Y i daliial Jsall 8 Ll
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o aladl il <l ol sall (e dasla e e bl 5 ilandl (s giad 5 e IS (G i)
Do 54y yhaell 40 e KU CEla) 3anae ) sl g ALED jaliall Jie 48800 duall cilul<))
bl all (e el il gl 88 5 (Moerman and Potts 20015 sSaill Ayl Jiay)
S oyl als ok e A s IS 0 5Kl Gl Cua Gl dana e ¢ Sl Lals
U gl giiar yar i sSaill ol LS G o3 A58l claa¥) sl A sell LeiDlay s 5 45 )
Lasi yy Cum daals 5 il gl Caaay a4l s g fetus oaiadl s placentaiesiall (e
acute toxicitysalall Luldl 5258 5 (5 S sall (anll Sleall 5 QB () ey 048 Sl
sl a8 g L 5 il leal) @Bliae 4 JLE Cua gl ) 08 Sl

O 5SI S pal ALaYly (5 oSl 3 g g WALED) (b (8 oSlls oliall Sl I Ba g0
le sbad) aliad cillisle aalS — ldal) Jiaill cililee 53 (0 S50 58 5 —cotinine
active 4adall 5 48l A gall e cuad Al bl il 8 sda ) o allall (5 gl

Jingy ol daladlly 33 93 sl yiladl Gl o ¥ (Stuart et al. 200)2pharmaceutical
Caia 3 5 (Roder Green et al. 201d)ll sbaall Cusli jslims (e | aae Ll e
el oS Lo @gial 1 dald 55 a5 dale Ll Lo gl cldlie g5V Slasy)
gl A5 i ilandly o oSl 38 55 ilidy La e 50.5 mg @ dry weightos
i 199800 bl (8 0h 9 haiey ol ) 28 (4 oKl 58 55 ol a5l 8 5 A slall Adlall
oo s WS A el sasiall Y L 17,1 to 18.7 mg § o L 515 22005
2 bbby 3 )3 dnay Al Sl sl 255 e 4l 53 (& 5. Connolly et al. (2007)

o A 5 el el il gy a3 skl aal e Taal s oKl o
slal€1.9 x 10° mg L Y deas 3853l ) 5 sl Co ) ols dallrs s
Valcéarcel et al. (201 B~

4 sall olaall cauall o pall Gl A (e Ay pudall slaally (4 sSall 35S 53 IS Laiy
S5 S Ly (Stuart et al. 20128.1 x 10° mg Lt 2 daa s 38 sasial) dSlaally
Crae die auall Gpall sl dallae sy 2510 6 x 10 mg L on b zsln
slaall (e Liat il dineall olaall cilala ) ol b o) oboay (4 5€03 3 ga g Jan gl 3B 5 el
O aag a8 &l g ) oSl gl s ) WLl e samdll pristine aquifersid sal
&4 (Alonso et al. 20121.5 x 10> mg Lt shliall o3gs Ja s 8 (4 sSaill 3 53
0304 x 10°t0 1 x 10" mg L™ 0 b sl i L seinall elas 04 sl 38 55 OIS G
ole Aaa 3 x 10° mg Lt S S s 3 (Valcarcel et al. 20113
olaall (i sSll Y ga 5 Dl Jlsa 5 yhan T agdlli () 5yl o elld e 518 5
Gl jaads o5 Kl 1 550 52 5 (Gessner et al. 2014pa) B aadis Al
L) gl a8 olall

zoas (33) aB) Joad) 5 dallas Cilblee adiny () 5 0 (4 il sbaall 5 4 yill &l
Mfaﬁbﬁ;dﬁ‘;&d&duﬂ‘dwﬁad‘%wéﬂ&mm%w
<8 g% Lo 5 pSae (i sl Jlad Jama o AasnSle s olaally sl 4 illy I (S o) as (45 Sl
Jelal) Jaws 5y i sSall 38 53 5 (Lo sl olae ol 4 x) Aiul) Ao 5 Laal Jalse b0 e
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A 4 (2500 mg kd) Crpza 2 Ja dea gall 1S 5l o) ) LadS Il Jama ala 3 Cus
LS (34) Jel 4 S (Wang et & 2011) Pseudomonas sES3 LSl 45,
Can bl pall da )y Gl (Jalaial) Jaws gl Juady) daws gl) A g B Jaill Jare il
(12 a8, JSAN) ol sall (el e 535k Aa 50 30 ) 25 o Lo sl S
O s aiad (A Juall (e ool Al (ol smd 0 Sl Al il e Ll
Ul e Sl (o (0 sSilly 45 glal) A il 4 soad) Aallaal)

Table 33: List of nicotine-degrading microorganisms and ttlogitimal condition for
nicotine degradation in tobacco soil (adapted ftomet al. 2015

Nicotine - degrading Optimal Nicotine References
microorganisms (NDMSs) conditions degrading
(pH and T °C) efficiency
Arthrobacter nicotianad9 30 °C, — 1.0 g I', 64 h | Xia et al. (2006)
Arthrobacter spK3 - = - = Lei et al. (2008)
Arthrobacter spK7 - - - - Lei et al. (2008)
Pseudomonas putidal6 30°C,pH 7.0 3.0gl% 10 h | Wang et al. (2004)
Pseudomonas splic22 30-34 °C, pH 6.5/ 2.8 g I', 48 h | Chen et al. (2008)
Pseudomonas plecoglossici(¢ 30 °C, pH 7.0 3.0gl% 12 h | Raman et al. (2014
TND35
Acinetobacter spND12 28 °C, pH 6.0 1.0g %, 14 h | Li et al. (2011)
Agrobacterium tumefaciens | 30 °C, pH 7.0 1.0g 1,6 h | Wang et al. (2009)
S33
Ensifer spN7 28°C,pH 7.0 3.3gl" 48 h | Lei et al. (2009)
Ochrobactrum intermedium | 30-37 °C, pH 7.0/ 0.5 g I', 36 h | Yuan et al. (2005)
DN2
Rhodococcus sfY.22 28°C,pH 7.0 1.0gI', 52 h | Gong et al. (2009)
Sinorhizobium spb-28 25 °C,pH 4.0 0.8gl", 12 h | Chen et al. (2012)

Table 34: Effect of continuous addition of nicotine on dedgion byPseudomonas
sp.CS3 in soil according to Wang et al. (2012)

Step Total nicotine added in medium | Time (h) Degradation rate
(mg L) (%)
1 500 16.2 93.2
2 1000 5.0 94.3
3 1500 7.1 90.6
4 2000 17.6 90.1
5 2500 17.3 65.9
6 3000 22.2 65.2
7 3500 22.6 50.5
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Fig. 12: Effect of nicotine concentrations on degradationcontaminated soil.
Cultures were incubated at room temperature inddr& for 72 h. Values are
the average = SE derived from three independetitadgs. Bars indicate + SE.
Values marked by different letters are significamtifferent at the level of P <
0.05 (from Wang et al. 2012)

(s g%ty 45 glal) olpall g 4 Al 4 gt dallaal) — 11
Bioremediation of contaminated soil and water witicotine

sl (e Galadll 8 A8l Al Sl aladin) A0lSa) e Ay gall dallaall el
Cadia) Al Clal ol Gy @i 5 Gl 3Y) dedy GG L) 38 S g aphaad i
(3348, Jgaa) Al il ol i L s Sua 0 s 5 (35 5Kl (e il )y

Piotrowska-Cyplik et al. (2009), Meng et al. (2018hong et al.
(2010), Wang et al. (2012), Ma et al. (2012), Gamg and Natarajan
(2013), Roder Green et al. (2014), Raman et all4PQiu et al. (2015),
Wang et al. (2015), Ruan and Liu (2015), Anyanwd &emple (2015),
Law et al. (2016)

s s Lo 5f (5 Sl a5 Jlady Ainall A5 Spall e panall dms e U

Gl Sl Sl de saase 48 nicotine-degrading microorganisms (NDMs)

Mo e pendl odn e 3 5 L pal 8 Oums sl 5 S0 a5 Sl padis

5 A5 Sl Cile ganall 5f YO 238 pal 5 (14 5 13 a8, JSAlN) 1950S el
:(Gurusamy and Natarajan 2018%k < =il 5l je & Al
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Fungi:

Pellicularia filamentosalTS-208,Cunninghamella echinulatl-O-
4444 Aspergillus oryzad 12822,
Gram-positive bacteria:

Arthrobacter nicotinophagurN. sp.,Arthrobacter spHF-2,
Gram-negative bacteria:

Pseudomonas s@1,Pseudomonas spiF-1, Pseudomonas splic
22, Ochrobactrum intermedium DN2, Rhodococcus sp.Y22,
Agrobacterium tumefacier833,Acinetobacter spTW,

o B sy Sl Ge lple Gyl S Ledde o5 Ay Sl e gendll o2
clilie o Wa s &l 3140 ol tobacco plantation SORY L ¢ ) ol Y
Jiiaill @l jlsa 5 o il Jlas 48y 5l e ayill &3 J=ill 5 tobacco wastg-l
(Jie dile geaall 238 (10 222l Al 4 metabolic pathway (21
A. nicotinovorans Agrobacterium tumefacien$33, Aspergillus
oryzaeandPseudomonas putidal6

aadingd (i oSall Allaall 5 dadandll Cilys Saall (0 A sana Al AV Cailadl e
treating tobaccolilis 4allas 5 quality of cigarettesilawll 52 (puad &
producing valuabless sSall # Y ddas ol Jal jall 84S jLiadl 8 IS 5 waste
o s S e oSl Jlas 55l ¢ el Bas 431 YY) intermediates of nicotine
Al il yall (e Ld els WS photocatalyitic degradatioft i s Jlas Gk
de Franco et al. (2014) and Passananti et al4j2B4
A5 )Sae e sana e 3 288 olially (i Sl e Rl 5 4 al) Asdlaall e Wl
C S Jie dad e 33l L picotine contaminated watéisk sl (e Loal
e dld 4.0 g It s W o Sl Jlas Jaee (K Al s Ochrobactrum spSJY1
CuilS A sen 530 °Colua b Cadelly 5 (10 h) Clela jday G0 4yie ) 5 i
Ly See oSl Jlas Jaea of L sl LS 5 YU et al. (2014b)se S pH 7.0
AN s e sdiasen 53 a e dladll Gk 5 s Sl A 5 e i gy

PLediay (o Sl (a5 g S5 i) odaties J& — 12
Can plant synthesize endogenous nicothe
0585 O gl — Aea Y (e Aipma gyl i — LN e ¢ U SD O G WS

el bl ol i (A o Sl o S5 Cus endogenous nicotinglalay (s Syl
& 558 ol amino acid L-ornithing! <l 5 nicotinic acidelis sSall (aes s ) sa
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ClaeS 585 o)) aadaind gl il sda o LS (EFSA 2010 <lall ol 3ol ases 8
Cag Bl a3 Cas Cua i) e e A 5 BV ) JEE 5 0 Sl (g B
o long-distance signabls <lill jasmonic acidels seulall (ass Jelay
Al 3 L) elaely (S oW1 st el e 8 Mo 0 6Sal) il Al w5 7 oad) e
O s LS da g e bl o (S5 6l ) 5 (i sSall gl Gl sda 0 5S5 apdail

(35) db, Jsaadl L3 LS 5 L et al. (2007)
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Fig. 13 Nicotine biosynthesis pathway accordingmew.Wikipedia.org

OF Cispre o LS Lelalay (Al ) clilall (anyy o3 sl (0 S5 401S4) e Wl
Gueall 3008 sl @8l e 2y WS 3,0l sd Leal Anlanilll dlilad) il
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Fig. 14: Chemical structure of the nicotine metabolite3:n@rnicotine, (b) nicotine-
1-oxide, (c) cotinine and (d) norcotinine

Table 35: Occurrence and frequency of nicotine contaminatipg g* d w) in plant-
derived commodities. The data are extracted frarcthmpilation published by
the European Food Safety Authority 8glmar et al. (2015a, b

Commodity Maximum value | Sample rate (%) Number of
of contamination | containe nicotine| analysed samples
Camomile flowers | 4.08 64 % 160
Linden flowers 1.08 98 % 43
Rose hips 0.88 81 % 81
Black tea 0.87 82 % 235
Green tea 0.44 84 % 93
Sage leaves 0.35 100 % 22
Blackberry leaves | 0.28 9 % 45
Mate leaves 0.21 100 % 5
Peppermint leaves| 0.11 58 % 118
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P4y gudand) g AalEll) cile) )30 il 8 (i sil) S 5 9a La — 13
Nicotine in conventional and organic farming
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Nicotine uptake by peppermint plants as a possilgce of nicotine
in plant-derived productssglmar et al. 2015a
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Fig. 15: Experimental design of mulching experiments tagtnicotine uptake from
the soil. Commercial cigarette tobacco was apptledctly onto the soil by
spreading the material evenly across the surface)(dut avoiding any direct
contact with the plants. The mulched soil was tbevered with two layers of
filter paper (c, d). The plants were watered ev2rgays by pouring water
through the filter paper (froifSelmar et al. 2015a
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a
Nicotine uptake after application of 100 mg tobacco
nicotine (Mg/g f.w.)
0.15 +
old leaves
0.10
0.05 4
0 : I
0.15 7
midcdle aged leaves
0.10 A
0.05 A
ISP s 1 s 1 (£ ] |
0 r r ]
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0 . . ]
9 16 25
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b

Nicotine uptake after application of 1000 mg tobacco
nicotine (ug/gf.w.)

*
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old leaves
1.0 A
0.5 4
0 " ; ... cOntrof
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Fig. 16: Nicotine uptake from the soil. Peppermint planesevtreated with different
amounts of commercial cigarette tobacco (100 an@D1fg). Each column
represents the mean value of the leaves from saxtgl analysed as two
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samples, each consisting of a mixture of threeviddal plants. Control
corresponds to the background level, which wasutatied as mean value of O-
samples and blanks. These very high readings wareeathe range where a
linear relationship occurs (asterisk). Therefohe, torrect values may be even
higher (fromSelmar et al. 20153

Dose-dependent uptake of nicotine

nicotine (pg/g f.w.)

1.5
1.0
0.5 -
0 —=— s | _ I 1
0 mg 10 mg 100 mg 1000 mg
(blank) tobacco

Fig. 17: Nicotine uptake is dose-dependent. Pepperminttplaere mulched with
different amounts of commercial cigarette tobad2p1(0, 100 and 1000 mg,
respectively). Analyses have been performed 9 ddier mulching. Each
column represents the mean value of six plant Eauealysed as two samples,
each consisting of a mixture of three individuargt. This very high reading
was above the range where a linear relationshipredasterisk). Therefore, the
correct values may be even higher (frBelmar et al. 2015a

165



Ot oSl A1 3830 31 gall g i) & gls Galll) )

Nicotine uptake from cigarette smoke
nicotine (pg/g f.w.)

[ directly analyzed

after freeze drying

blank 0 2h 1d 2d 8d

control time after fumigation

Fig. 18: Nicotine uptake from the gaseous phase. In a mese, the peppermint
plants were exposed to the smoke of 11 cigaretidsrw2 h as outlined in
section 2. Plants were harvested and analysed &ft@r and 8 days. Each
column represents the mean value of six plant ka@€entrol corresponds to
the background level, which was calculated as medine of 0-samples and
blanks. To distinguish between the nicotine whigchpdy is absorbed on the
surface and that which really is taken up by thésca lyophilisation step was
included. Whereas the nicotine on the surface aedps the alkaloids taken
up, remain—even under vacuum—in the plant matgfraim Selmar et al.
20159
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Fig. S2:Common soil pollution in Kafrelsheikh distriEl-Wahyiba village)




Fig. S3: Tobacco plant under the investigation with narlersem (100 mg k@), it
could be observed rooting of this plant resultimgnf nano-Se effect in
Debrecen University, Hungary from 2013 to 2015. @omnation of food
plants with nicotine needs to be carried ioutitro (photos by EI-Ramady)
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Fig. S4: Tobacco plant and its flowering in JKI BraunschyyeGermany during
September 2014 (Photos by El-Ramady)
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Fig. S5: Smoking any tobacco product (%) for males accgrdm WHO in 2008
(from www.wikipedia.org/24.2.201)6
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Fig. S6: Annual per capita cigarette consumption ratesOib62 Gray countries have
no data available (from Max Fisher / WashingtontP25.2.2016)
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Fig. S8: Smoking can damage every part of the body accgtdithe official web site
of the famous cyclopediamww.wikipedia.org/24.2.2016
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The Cycle of Nicotine Addiction

Nicotine binding causes an increase in
release of 12

gives feelings of pleasure
and calmness'

= TheD = decrease between
cigarettes leads to withdrawal
symptoms of irritability and stress’

= The smoker craves Nicotine to release
more Do) to restore pleasure
and calmness'

+ Competitive binding of Nicotine to
nicotinic acetylcholinergic receptors
causes prolonged activation, S
desensitization, and upregulation? =

+« As Nicotine levels decrease, receptors
revert to an open state causing
hyperexcitability leading to cravings'2

Nicotine
=

1. Jarvis MJ. BMJ. 2004; 328:277-279. 2. Picciotto MR, et al. Nicotine and
Tob Res. 1999: Suppl 2:5121-5125.

Fig. S10: The cycle of nicotine addiction (fromttp://www.newsky24.com/nicotine-
addiction/25.2.2016
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A Growing Trend: Graphic Warnings On Cigarette Packages
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Fig. S14:The growing trend for warnings on cigarette paelsag
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Fig. 15: Experimental design of mulching experiments talgtoicotine uptake from
the soil (fromSelmar et al. 2015
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Nicotine uptake from cigarette smoke

nicotine (ug/g f.w.)

75 1 directly analyzed

after freeze drying

blank 0 2h 1d 2d 8d

control time after fumigation

Fig. 18: Nicotine uptake from the gaseous phase. In a pmese, the peppermint
plants were exposed to the smoke of 11 cigaretidsrw2 h as outlined in
section 2. Plants were harvested and analyzed aft& and 8 days. Each
column represents the mean value of six plant Ba@entrol corresponds to the
background level, which was calculated as mearevall®-samples and blanks.
To distinguish between the nicotine which simplyalssorbed on the surface
and that which really is taken up by the cellsyaphilization step was included.
Whereas the nicotine on the surface evaporates,atkaloids taken up,
remain—even under vacuum—in the plant materiahff&elmar et al. 2015a
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