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Insights into the simultaneous removal of Cr6+ and Pb2+ by a novel sewage

sludge-derived biochar immobilized nanoscale zero valent iron: Coexistence Sl
effect and mechanism
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Cui-Mei Liu, Qi-Hang Wu, Xiang-Rong Xu.
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Photocatalytic TiO2 thin films by aerosol-deposition: From micron-sized

Olgind)
particles to nano-grained thin film at room temperature
Jungho Ryuu, Dong-Soo Park, Byung-Dong Hahn, Jong-Jin Choi, Woon- ilgall
Ha Yoon, Kun-Young Kim, Hui-Suk Yun
Applied Catalysis B: Environmental. idaal)
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Single and Competitive Adsorption Behaviors of Cu®*, Pb**

: Y . Olgind)
and Zn?* on the Biochar and Magnetic Biochar of Pomelo Peel in
Agqueous Solution
Qianlan Wu and al iligall
Water 2021, 13,868. https://doi.org/10.3390/ w13060868 Uad)
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Synthesis of hybrid carbon nanotube structures coated with Sophora

: S LA Olyind)
flavescens nanoparticles and their application to antimicrobial air filtration
Gi Byoung Hwang and al Ciligal
Journal of Aerosol Science sl
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Performance of silver, zinc, and iron nanoparticles-doped cotton f ilters
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against airborne E. coli to minimize bioaerosol exposure
Attarad Ali and al iligall
Air Quality, Atmosphere & Health . aal)
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Fabrication of Functional Polyurethane/Rare Earth Nanocomposite
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Membranes by Electrospinning and Its VOCs Absorption Capacity
from Air
Jun Cong Ge and Nag Jung Choi Caligal)
Division of Mechanical Design Engineering, Chonbuk National s al)
University. )
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Solutions (cps) (ms/m) Area (m2/g)
(PU/RE) —
Distribution Mean
PU 379.0 0.172 227 227-877 489 6.853
PU/RE-10 439.0 0.183 357-966 513 7.147
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PU/RE-50 504.6 0.315 179-591 356 11.207
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Simultaneous immobilization of cadmium and lead in contaminated

Olyind)
soils by hybrid bio nanocomposites of fungal hyphae and nano-
hydroxyapatites
Zhihui Yang ,and al Cilgal)
Article in Environmental Science and Pollution Research. sl
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56 5 (PCHP 5 ANHP) iyl Lo gual dingall 4y gal
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In situ remediation of hexavalent chromium contaminated soil by o odadl
. . L Olgiad
CMC-stabilized nanoscale zero-valent iron composited with biochar
Runyuan Zhang, and al Cilgal)
Water science and technology 77/6 2018 aal)
¢ Al Gyl g L) elsell 8 Cojlatl) el Al o3a 8 dpal) Laidla
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Co-application of biochar and titanium dioxide nanoparticles to promote

i ) . _ Olyind)
remediation of antimony from soil by Sorghum bicolor: metal uptake and
plant response
Ali Daryabeigi Zand, and al. Cilgal)
Heliyon. Al
A glall 4 Al A3l Asdleall (goan o o Auhall 028 (e oyl Caagl) (IS Al (adls
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Bgle 455 8 slll A4l Ae ) 3all Sorghum bicolor aclns ysda A Sb aysi :17-TIT Jgaad)
TiO2 5BC Glade « TiO2 NPs J (TF) J&) dalse s (BCF) Sba¥) 550 dalses « Sb b
Bya ehlin ¥ ) Jilagll Ll S EO) Ay lmall cilihaiy) a2 . Lsy 80 22 NPs p BC
(n=3¢SD & lausic) p=0.05 & haS Blia) abiay

Jils (abeaiad) Jalse (mg/kg) Sb 35 To; | BC
NPs (%)
TF BCF Gl BN (ma/kg)

2.05+0.52a | 1.33+ 0.10cd | 75.12+ 10.85cd | 38.03+ 8.51 cdef 0
2.11+ 0.15a | 1.41+ 0.07c | 95.63+ 14.15bc | 45.75+ 9.33abcd 100
2.54+0.53a | 1.78 +0.07ab | 128.64+ 9.61a 51.89+ 8.58ab 250 0
242+029% | 1.91+0.11a | 138.21+ 29.41a 56.8+ 6.14a 500
2.02+ 0.27a | 1.01 0.09e | 53.87 +13.61de | 27.01+7.31fgh 0
2.16+ 0.97a | 1.31+ 0.17cd | 84.02+ 23.62c 41.08+ 7.68hcde 100
254+ 0.23a | 1.67 +0.16b | 119.26+21.02ab | 47.56 + 11.22abcd 250 2.5
2.50+ 0.61a | 1.8+ 0.08ab | 122.83+ 19.41ab | 49.78 + 5.18abc 500
1.83+ 0.21a | 0.59+ 0.06f 29.45 + 8.43e 16.56+ 6.78h 0
2.15+ 0.22a | 0.74+ 0.09f 44.26 + 5.33¢ 20.92 + 4.58gh 100
2.51+ 0.78a | 1.07+ 0.08e | 75.83+16.43cd 31.19+ 5.06efg 250 5
2.53+0.60a | 1.16+ 0.07de | 88.07+ 11.24c 35.98+ 7.86def 500

slacl 4 350 Sb o L adiad ¥ S, bicolor (e Sb 1 4ueSIsall 8y08 : Sb 1 oSI5l 5508 .3
LAalal) skl 4 pal) AN e Wil ading 43STy el
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Comparative Analysis of Microbial Consortiums and
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Nanoparticles for Rehabilitating Petroleum Waste Contaminated
Soils
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for the remediation of cadmium and lead contaminated soil.
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Research Article o)
a }:\Aa\ﬁ\) AL Goleal) Al Cilallae 3305 aladiul o5 Ayl o284 Al Gadla

: o Ayl dallaag ((Pb) Lablal 5 (Cd)

guall axdll BC 0
asll galall wa Ul nzvl e

2aall

nZVl , BC, Il sl

BC-nzVI FORECIAT

(Pb) Lalayll / (Cd) aspedlsY) cbiglal) ggd

Lagioal)
Ao il 445 e ans 2070 Geo Lo pan Lo W 3ee

O
OIS Wi ¢ cunsilly paliaicl) 58 BC-NZVI Aaulsy (Cd)aspad Sl et | (Gaadal 30k

Jadlally JIEaY) ¢ ey s (Ph) abeal) cudi

Lgill) el sl

aliglall Az
Juling 5l 8 aliaylly o gealSl A4S s JET Jled L 58 BC-nZVI gl

ol hlie gy Lyl Laslsadl 15

)[0]¢



A b Aggilil) S yal) bl A ;G Juadll

;gL 4x8la

BC Gy D dlauly (alayll 4S5 Gty agmeal€l) arenty L5l dallae s
S U< a3 P sl Cd i 50 S cilS LALEN (aleal) 38 ¢35 Jal (e BC-nZVI nZVI
5aly) e Pb 5l Cd i 30 6S ) Aol 16 (e 3 . Jadll 3y il dabiaall bl e
3 sy ¢ BC aladinly 4 e / 34 e iy e e Jgeandl 5 Cd J Al (Jelil) g
Mead 3 Agdh ol Laagd L BCLE SVl o dpgiad) Adagll Gleseaall 1 o)
aent e oldf Jumdl Helal nzVI Gl ) i e ¢ 7 49.21 cilSs nZVI dlee (o as2a\S1)
ddilse cilS Sl nZVI o 4L i 1Sy puelly waad) sl 5K 8 ¢ adlgl) 8 . BCoe Cd
Cd apaai 3. 6S lef BC-nZVI cijelil ¢« nZVI 5 BC e 45laally 5 mualll (g . Cd 385a Jil
BC-nZVI idaulsy Cd cuds el o zlaky Jpamall 5 ail moingy oo 281 . (786.49)

o= (80 544 5)30 Vs o Jsanll & ¢ Galajll el & 4lie oladl Laa]
Sl o dsaall & Uade Jal) e BC-nZVI 5 nZVI 5 BC Gl 4 (ala)ll awad

. BC-NZVI Ui (e uest 36 iS

[0






dalad) LAl

" "

Aalad) dDAL)
(Bl elselle elall) dadlas) L) 3 30l LSyl culipdas Audyy ) deall 138 Corg
Slad) o dosene DA eb Al ikl 4 ol 4 a0 e e Jal e dlldy
O ) Ales ) 35 Bagili dse JISE) o 455385 Ll Blee of Apme (e LS dgyal)

A glaall Dla

tAadiia 49l Sge i3} v
ool s (Aol dcadll Gl lgie el S dnlud) cluhall DA e
Gilasua Ao &I 4 lill b1 g elll Fe,05 clivia ¢ 5l jaall pyaall (i gilill
gl byl b il dingae dsn 450l QLS He cailunSgn b Ay glil) el
resbiglal) A 4 Llls Lasiiaal) (3 hal) Eyanty jughi v/
il Gl JIFAY) o eedlilly gadll) SlEeY) i@kl sda (e il
gl DA ¢ paliaiaYly
i) clislall cilas]i (a lguantiiy Adl) il v/

sadie dple ClisSyyned fa Cligkill o2 DA (e Adagiudl gl aal ey
& Bytiall Ay gl LSl ¢ ALED Galaall ¢ gsall o ligll asanl€lly (ablia)l cag S ¢ clilal)
Al sl clla) ool gl
) gll) calandas z i) Say o Laay
Sl Sy ¢ ) Gl i Aaudsy olaall Agdat 8 Lgalatind 2 toluall dalleas sl g /]
oAbl il slasSIl A1) Apeall YOI Sy Cum Al Gl AN 8 aadiud ) e les
.g_q';).xaj\ a\:m
Cua Dglall il slie 480 4 aadid Al Gladipall e 2o 2 4 gl LagleSs calaay
il b el g B mud Al dlee. ALEN A jealially LyaSll e oball Ay 56

a6 10 ) asili 2,5 o emalia sl ) Bllsall Jomiy 55 Can

)[5]¢



dalad) LAl

Sl ey Adle Auiin @) RS Masiuly dlld Ly selsel) il Glasly sl A /2
Al S OIS ) i elsell (b sl gl QL) iy 5

(53l Tl sl sl of omsall g bl el 2(Aasl) el Zoally a3
L@—‘AM-’L‘“}‘*:\)N\ é‘}‘d‘ &JL.JSS\GJ::«_\A;:LUL‘;\J)]\ 3_‘,#\ 3dsa ypen GJ;\

daleiad) S Glajie LY SN Shey dadall dgeall 4ag of (Se AlassS 1l
& lealadinl Bael gt o5 ey U LaglsiSS e dauls malie maals sl Laslasally
il Jlaal

) [o4]¢



e

i ol eyl

Alaa "clanilly el eV Lai)y Glasball Jlae b sl Lasl i€ saal 5l Gilsy [2]

Ralall pjad) ve L) 35S0 e ¢ sbailly Cilagbeally LES yjall S5V L jday daSae dpale

C 22012 LusS) el Taaadl cale) ¢yl

& At Ssall o glil) A il 50 : el A clids ") ae deal Al ae [4]
2017 3l dasls ciatigh IS ¢ ilall nlal) cilealsl)

G Al Jlae b Ly Gl clomall gpall BRI (fle 35 sluse [5]
2267 280 « 2020 35 SN apyll ey g

I @y 307 2aall slially Y (i) all Aaliia ' (g5l Giie (1 2ana [6]
. 358¢ 1433

sl iyl alle Alubu ¢ Jandl 22 Ja) (e 1l Laglgi€E o ShaSaY) Cayd desa [7]

. 2010/006 <2010

2016 cashall B — 6 (63 Gaslam Ghal) ¢ Ll A 8 Lnlad aalia " el e 258 [9]
e}&:ﬂ }')ﬂ\ dic S :\_QJA s"J:m_; ‘;Alc pacy }M\ :\1\333” cC\JLa ?:‘L‘” Aeaa dgana [10]

.1433/9007¢ 22015 ¢ byl KACST il

3aa "dadna gy JSE Bpaiia dadia @ ¢ gl AnE AL c“,_u.mjz'. b S sl sl [11]
.1430/2707¢ 52011

il gal 6;)5).\53 ) Glankaty 48 yeall (ggiua " ¢ jac }j Lea 4l g gy s gllae [12]
Clahall LSy daslall Uae asai agilaladly 55 Glaals b asle Gacads Gl @l
2410 3152 <2018 «1 é) 26 eSS ‘:\:""“3"3\,9 :\-UU:‘S‘

https://nano.ksu.edu.sa/ar/nanotech-¢" silall 4yl Al aue SUlal) sgad’ (i gilill algal) O\ [14]

. shapes

)[55]¢


https://nano.ksu.edu.sa/ar/nanotech-shapes
https://nano.ksu.edu.sa/ar/nanotech-shapes
https://nano.ksu.edu.sa/ar/nanotech-shapes

e

BE gl Gadaal) layaeay G (S Al peanll WG CEI (Ol Ciade sl [15]

13¢ https://mawdoo3.com . 2021 g€l 26 ¢ Al Ao e Gy ¢ Sl Ja [16]

2022 Ja

.2002 :\:‘L&‘Lﬁﬂju\ J\J ¢ 2\_‘\343\ (J:;" ¢ Lﬁda.u]\ SIS [18]

2022 Jusl 13¢ https://ar.wikipedia.org . <t [19]

2017 Js¥) dapdalle” Coglill COEag b0 e allad deaal) Gus ¢ Gmse Glus daaa [20]
.2016/25086

g 5 Al¥) Ayl adee 52 ) Cogll Jllias osl) s’ ¢ Wl s o) [21]
& 1432- 22011 ¢ Gupysl) Gyhag malial) o ¢ ivale 350 ¢ 53

2019 ¢ gyl Ll duadell (gyg3L i ¢ Al DeYV ¢ ALl s e [22]

daa o lahily Jauslly Jledll bilas 4 obud) gl "3l ualll s aeae [23]
2010 ¢ Lahaall ade yinaldl salgdc "Gludy!

el Glagyill sgn 8 A Lles G Sl Al ¢ Adae sl anlyl (5)la [24]
2014¢ paall saaal) daalald)l lac dpuCiyle " 4Ll

Glslly oSl s e 1) ) ¢ " slaally Al Cisli e el ol sl ¢ el Juald [26]
. 2018 3w 677 Slary

.2008 @})LA\ Sl Al el ¢ "ue dme 1 " Glgd dea) Jiald [27]

arll ) A lesy Gl 2003 Abss 19 8 #yall 10-03 &8 o060 [41]
&b sl 03-83 ) sl alsal elad) a3 die 113 solall camsay illy + 43 5 7 ¢ Aalxiadl)
Al Glasy Glatially 1983 (5588 5


https://mawdoo3.com/
https://ar.wikipedia.org/

e

[1] Ahmeda MHS, Ahmida NHS and Ahmeida AA," Introduction to nanotechnology :

definition ,terms ,occurrence and application in environment ", LIMU Journal , vol 2, p 12-26,
2017.

[3] Merfat Rashad Ahmed Mohamed, Ayman Jaber Hassouna, "Green environmental

applications of nanotechnology in the future ", Université Ain Shams, Arabie Saoudite, 19-
20 novembre 2017

[8] "nanomatériaux, nanoparticules"santé et  securité au travailulk,inrs.
www.inrs.fr/risques/nanomateriaux .2020.

[13] "nanotechnologies:Principles, Applications,Implications and Hands-on Activities A
compendium for educators” 2013¢24957.

[17] Abdala Karen M.A Dawagreh "Environnemental Pollution”, 2019..

[25] mr abbas m," valorisation du noyau d'abricot dans la depolltion des eaux" , these de
doctorat, universite m'hamed bougara boumerdes,2015.

[28] Sana Abbas, Saima Nasreen, Adeela Haroon, Muhammad Ageel Ashraf, "Synhesis of Silver
and Copper Nanoparticles from Plants and Application as Adsorbents for Naphthalene
decontamination™ , Saudi Journal of Biological Sciences , 30 September 2019 .

[29] Zeng-Hui Diao, Jian-Jun Du, Dan Jiang, Ling-Jun Kong, Wen-Yi Huo, Cui-Mei Liu,
Qi-Hang Wu, Xiang-Rong Xu, "Insights into the simultaneous removal of Cr6+ and Pb2+ by a
novel sewage sludge-derived biochar immobilized nanoscale zero valent iron: Coexistence
effect and mechanism”, Science of the Total Environment , 25 February 2018 .

[30]JunghoRyu, Dong-SooPark, Byung-DongHahn, Jong-JinChoi,Woon-Ha Yoon,
Kun-Young Kim, Hui-Suk Yun," Photocatalytic TiO2 thin films by aerosol-deposition:
From micron-sized particles to nano-grained thin film at room temperature” , Applied
Catalysis B: Environmental , 25 August 2007 .

[31] Tanja Tuutijarvi, "Arsenate removal from water by adsorption with magnetic
nanoparticles ( y-Fe,O3 )", doctoral dissertations 37/2013 , 12 April 2012.

[32] Qianlan Wu, Shuzhen Dong, Lijun Wang and Xiaoyun Li, "Single and Competitive
Adsorption Behaviors of Cu2+, Pb2+ and Zn2+ on the Biochar and Magnetic Biochar of
Pomelo Peel in Aqueous Solution”, Water 2021, 13,868. https://doi.org/10.3390/ w13060868 ,
20 February 2021 .

)[7]¢


http://www.inrs.fr/risques/nanomateriaux

e

[33] Gi Byoung Hwang, Kyoung Mi Sim, Gwi-Nam Bae, Jae Hee Jung," Synthesis of hybrid
carbon nanotube structures coated with Sophora flavescens nanoparticles and their application
to antimicrobial air filtration" , Journal of Aerosol Science , 11 August 2014 .

[34] Attarad Ali , Maohua Pan , Trevor B. Tilly , Muhammad Zia , Chang Yu Wu ,
"Performance of silver, zinc, and iron nanoparticles-doped cotton filters against airborne E.
coli to minimize bioaerosol exposure”, Air Quality, Atmosphere & Health , 9 May 2018 .

[35] Jun Cong Ge, Nag Jung Choi, "Fabrication of Functional Polyurethane/Rare Earth
Nanocomposite Membranes by Electrospinning and Its VOCs Absorption Capacity from Air™
, Division of Mechanical Design Engineering, Chonbuk National University , 30 December
2016 .

[36] Zhihui Yang , Lifen Liang , Weichun Yang , Wei Shi , Yunping Tong , Liyuan Chai , Shikang Gao
Qi Liao , "Simultaneous immobilization of cadmium and lead in contaminated soils by hybrid
bio nanocomposites of fungal hyphae and nano-hydroxyapatites”, Article in Environmental
Science and Pollution Research, 10 O ctober 2017 .

[37] Runyuan Zhang, Nuangin Zhang and Zhangiang Fang," In situ remediation of hexavalent
chromium contaminated soil by CMC-stabilized nanoscale zero-valent iron composited with
biochar", Water science and technology 77/6 2018 , 2018 .

[38] Ali Daryabeigi Zand, Alireza Mikaeili Tabrizi, Azar Vaezi Heir.," Co-application of biochar
and titanium dioxide nanoparticles to promote remediation of antimony from soil by Sorghum
bicolor: metal uptake and plant response™, Heliyon , 26 May 2020 .

[39] Shehla Sattar, Samina Siddiqui, Asim Shahzad, Asghari Bano, Muhammad Naeem,
Rahib Hussain, Naeem Khan , Basit Latief Jan and Humaira Yasmin, "Comparative Analysis
of Microbial Consortiums and Nanoparticles for Rehabilitating Petroleum Waste
Contaminated Soils" , Molecules , 16 December 2021 .

[40] Wei Qian , "A porous biochar supported nanoscale zero-valent iron highly e_cient for the
remediation of cadmium and lead contaminated soil" , Research Articl , 16 March 2021

[42] How to improve air quality?”, www.solarimpulse.com, Retrieved 31-3-2020. Edited.

[43]"New solutions to air pollution challenges in the UK", www.imperial.ac.uk, Retrieved1-4-
2020.Edited.



. Ladlall
S DA (e Bdal) Ralsiay) el Gllyy Bl b il el Ay b deabud) ) Jeal) 138 Cangg
f gl glan (DA o Bl len 1) (558 D5l s SISEI L Gl Cilga
Allad g Aadiia Zyili g g ) ¥/

clislal) A1) & Laxdiioaall (3l Cuasiy gkt V0
i) el Ll Sl e Bl Cadati v

LA dAalleal) — Gl calindas — gl A Aalidal) cilalsl)

This work aims to contribute to the study of nano-applications in the environment in order to
enhance environmental sustainability by highlighting human skills in creating nanomaterials
that protect the environment through basic axes:

v Production of advanced and efficient nanomaterials.

v Developing and updating the methods used to remove pollutants.

v Clean the environment from the accumulation of environmental pollutants.

Keywords: nanotechnology - nano applications - environmental treatment.

Ce travail vise a contribuer a I'étude des nano-applications dans I'environnement afin
d'améliorer la durabilité environnementale en mettant en évidence les compétences
humaines dans la création de nanomatériaux qui protégent I'environnement a travers des
axes fondamentaux :

v Production de nanomatériaux avancés et efficaces.

v Développer et mettre a jour les méthodes utilisées pour éliminer les polluants.

v" Nettoyer I'environnement de I'accumulation de polluants environnementaux.

Mots clés : nanotechnologies - nano applications - traitement environnemental.



