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Introduction: Nanoadsorbents, as an emerging product, play a key role in the control and
removal of environmental contaminants. Moreover, the enhancement of environmental
pressure due to the human activities reveals the necessity for the utilization of novel
approaches to identify the environmental impacts of new products. Therefore, this study
was conducted to evaluate the cradle to grave Life Cycle (LCA) of synthesized
nanoadsorbents including MGO@-CD and Fe;O04@p-CD in term of determination of the
environmental indicators involving global warming, energy consumption, water use,
human toxicity and ecotoxicity, in order to removal of one kilogram of pb (II) from
contaminated water.

Materials and Methods: In the present study after the synthesis of MGO@p-CD and
Fe304@p-CD nanoadsorbents through Sima pro 9.2, CED, ReCiPe, IPCC (GWP
100year) and USEtox methods were used to assess the energy use, water use, global
warming, environmental and human toxicity, respectively.

Results: By utilizing one-way ANOVA analysis in order to compare the environmental
effects of the study through removing one kilogram of lead from the synthesized
adsorbents, it is shown that the carbon-based adsorbent has less environmental effects than
the synthesized Fe;Os-based adsorbent. The results showed that the amounts of global
warming, water use, energy consumption, human toxicity and ecotoxicity for the
synthesized nanoadsorbents including MGO@p-CD and Fe304@p-CD in order to
removal of pb (I1) are 539403588 and 772235968 kg CO2 eq, 6856670 and 9816204 m?,
8043724501 and 11515811540 MJ, 1365 and 1954 CTUh ,43889257263 and
62833049032 CTUe.

Conclusion: The nanoadsorbents that are synthesized using eco-friendly material and eco-
friendly processes could improve the environmental indicator such as human toxicity and
eco-toxicity.
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ARRAA c[ee VA o[V FYY <[ OAVY iRl ald Electricity

A



Journal of Animal Environment, VVol. 14, No. 4, Winter 2023

\i'\ ul.:a.u.a:);i b)LA...Z&\E Jl—t—u c&)}éL}@a&j‘}Jﬁ.}sﬂG&hMLﬂd

55 S5 Bio ol ey im0l anlis b ot 1o Jole  gmmbliio @ilyd5ib audgi Jolpo 31 ciitn (s 6095 sil o yo :F Jgur
2599851 Canons 9 (Sl Cnos (3 pan (6551 ¢ B pa0 O (Gl Giulo )5 (Fuwns j Lo oA LS Al 3 O

S o Gl (Fpasol Gl Gl e 65l oo
1. > [ e 1 o 1 o [ e i
Y/YE--4 Y/YSE--1 f/YFE--q #/A0E-- 1 ZIAFE-- 1 Iron (1) chloride 4H,0
Y/IVVE--A Y/AVE--A Y/fFE--V V/-\E--Y 4/47E-- A Iron (111) chloride 6H,0
UOYVE-- A AUVVE--A YINFE--7 V/ADE--# Y/YE--F Ammonia, liquid
VNYAE--VY VIOVE--Y V- \E--V VIYAE--# YE--¥ Tetraethyl orthosilicate
OIYFE-+ A #INAE-+A V/AAE--# ZIANE-+Y NYSE--Y APTMS
£EIvAVY Y FrIvAveY ILARYI FEITAYY £EIVANYY N,N’-Dicyclohexylcarbodiimide
YY/#-\AY YY/FY-A YYIZ V00 YY/eaaya YY/0aAQY N-Hydroxysuccinimide
V/OFE-+0 VIAAE-- 0 o+ YT ofe YA ofe e ADA Ethanol
VIVYE--Y YINPE--Y fIP0E-+ 0 Y/VFE--0 YIYE-+O Toluene
VIYYE--A A/FAE-- 1 Y/OOE--# f/#YE-- A fIVFE-- A Deionised water
Y/fPE--# VIYYE--0 fIVPE-- O oo YO ofeeeN¥ Dichloromethane
V/FOE-+0 V/ARE-- 0 [+++Y\O ofee 2 YOA ofeseYeY N,N-dimethylformamide
Y/AqE--Y O/« AE-+Y YIFYE--# Y/fYE--# f/04E--# Ethylenediamine
/e -94Y /e YYY [+ \YFY <[-+YOAY <[+ AYYD Electricity

oo (@l (s 0 30 (1) Al adlllas )50 D3> 50 2 ags
o T 50 ponsg; 5l osliiul a4y b ye (ol el by« S36lsS]
IS a5 5 oDl gl oolid sl 5 el 550
Mo i )3 Gy 5l esliiul rizen g asley hiSe
NN i o slge cnl 516 )50 g 5 ibowsinl 35
NN’ 550l s (epay .l Dicyclohexylcarbodiimide
40 oaiS s 5B S jshateas as'Dicyclohexylcarbodiimide
Wlgs o 418,515 oolaiwls g0 G ol 40 bl jiwan ]
5 Gl S (Ll 93 2 28l 0 pled g e B
adg ol 0 58,6 Jele ppages (F) wil azils Sy5slsS]
Sile S addlhae 5550 slaasls (g5 adlllas 550 slacdlgil
SSl5S] Cpons 5 il S (a0 55yl BraocliSler
@l b assl ol a8 oo i wnld jo (Spae dt xSl
adlas bl cuils callas (VO (F) ) Son 5 Arvidsson asflae
Sldlgdail i j0 (655 Bpas aie jl «),Ken 4 Gavankar
9 5 e g oolide a5 ol LS VL 5 (Saio el ;0 (05
0oys AF B AF (p Slgegili ol s cimio an] 3 40 Y aJgs
a2 g0 (1ol allislojl (ulide & S 1) (55,51 B pae e
Soye 5l esliiul e asog)9 cnl (Sl b hals 1 L(TY)
Gl mlie Gl &5 pdiasaed syl 1 ek ady Gy
G eor g sbpatly ety s Led glacs s
$39,9 w030 (RS gz BB jsba | Sl il S pgax
Slodlgil puwan )8 )0 satnd cgs boas a5 Sloands Joili!
Jols pmpbliie Sl y3gil 5 pnpbliie (3l FapnST Sloiogil
ARTA

Ol oad 3w il sl Sl g mls

o jlaome SIS Ghile (Voo yliw) ()5 by Q3> aS™ ols
ssbods ail oo (Vo i) FesOa ayly Ol &y o (5508
Syl SIS bl 45 aas e Gl Gliod opl @S (SIS
adllae @ Lo rwg adgl ol jo ool jiw la,lslugil
o 5 drwgs plSin o o] slaaely g ISTE ol (g5
sst Syhme sloasdy 5 lo sl ol ERlS s
0oyt goodla gl ooliiul § ags e 5l 659,50l
ER P SN FRCSRUSPNE A1 JC SR e
S50 hlide Sla a3l (sl g9, 5l ggemme ) 45 S oo
@Sl ol ils polie W5, 5 9550 Slodl (o)
J=lre 5o 1y Joibl g ate STl (65,31 (NHS .DCC (sla g0,
sl yull plsear codar (g oo aslllas 3 )50 Slaodlr oy
5P edrae ol (Glar plaleS Gl slayes 0 Lol
Sy 3 50 0 (SielsS] Lo 5 Sludl Cerans o S pan
bl S35 5 bl (3,5 apnnST Sl ol anlllas
50 0wl Cawsdy 2ls 0,5 Hle oS 0glSnly b oads [l Jule
cloasls o el calle Yo 5 V8 A mls b adlas oyl
e Sdsh 50 4T pum Heas (Sldl Con G jlare
53 Sbewgnl o Sa gl hoslitul aalsl )3 5 asbowgnl o352
kol 5551 lsieas NN,N’-Dicyclohexylcarbodiimide s
ai1,8 ,5 N,N’-Dicyclohexylcarbodiimide sYb Sl Corons



Javanmir pour shirzadi et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

A\Rl4

Kim, H.C. and Fthenakis, V., 2013. Life cycle energy and
climate change implications of nanotechnologies. Journal of
industrial ecology. 17(4): 528-541.

Mahdavi, M., Ahmad, M.B., Haron, M.J., Gharayebi, Y.,
Shameli, K. and Nadi, B., 2013. Fabrication and
characterization of SiO2/(3-aminopropyl) triethoxysilane
coated magnetite nanoparticles for lead (lI) removal from
aqueous solution. Journal of Inorganic and Organometallic
Polymers and Materials. 23(3): 599-607.

Marimén-Bolivar, W. and Gonzalez, E.E., 2018. Green
synthesis with enhanced magnetization and life cycle
assessment of Fe304 nanoparticles. Environmental
Nanotechnology, Monitoring & Management. 9: 58-66.
Vukelic, D., Boskovic, N., Agarski, B., Radonic, J.,
Budak, I. and Pap, S., 2018. Eco-design of a low-cost
adsorbent produced from waste cherry kernels. Journal of
Cleaner Production. 174: 1620-1628.

Yami, T.L., Du, J., Brunson, L.R., Chamberlain, J.F.,
Sabatini, D.A. and Butler, E.C., 2015. Life cycle
assessment of adsorbents for fluoride removal from drinking
water in East Africa. The International Journal of Life Cycle
Assessment. 20(9): 1277-1286.

William, S., Hummers, J. and Offeman, R.E., 1958.
Preparation of graphitic oxide. J Am Chem Soc. 80(6):
1339.

Kazemi, A., Bahramifar, N., Heydari, A. and Olsen, S.1.,
2019. Synthesis and sustainable assessment of thiol
functionalization of magnetic graphene oxide and
superparamagnetic Fe304@ SiO2 for Hg (I1) removal from
aqueous solution and petrochemical wastewater. Journal of
the Taiwan Institute of Chemical Engineers. 95: 78-93.
Zheng, H., Gao, Y., Zhu, K., Wang, Q., Wakeel, M. and
Wahid, A., 2018. Investigation of the adsorption
mechanisms of Pb (lI) and 1-naphthol by B-cyclodextrin
modified graphene oxide nanosheets from aqueous solution.
Journal of colloid and interface science. 530: 154-162.
Martinez, E., Sanz, F., Pellegrini, S., Jiménez, E. and
Blanco, J., 2009. Life cycle assessment of a multi-megawatt
wind turbine. Renewable energy. 34(3): 667-673.
Arvanitoyannis, 1.S., 2008. ISO 14040: life cycle
assessment (LCA)-principles and guidelines. Waste
management for the food industries. 97-132.

Arvidsson, R., Kushnir, D., Sandén, Br A. And
Molander, S., 2014. Prospective life cycle assessment of
graphene production by ultrasonication and chemical
reduction. Environmental science & technology. 438(8):
4529-4536.

Healy, M.L., Dahlben, L.J. and lIsaacs, J.A., 2008.
Environmental assessment of single-walled carbon nanotube
processes. Journal of Industrial Ecology. 12(3): 376-393.
Walser, T., Demou, E., Lang, D.J. and Hellweg, S., 2011.
Prospective environmental life cycle assessment of
nanosilver T-shirts. Environmental science & technology.
45(10): 4570-4578.

Rajaeifar, M.A., Akram, A., Ghobadian, B., Rafiee, S.,
Heijungs, R. and Tabatabaei, M., 2016. Environmental
impact assessment of olive pomace oil biodiesel production
and consumption: A comparative lifecycle assessment.
Energy. 106: 87-102.

Azizi, K., Karimi, M., Nikbakht, F. and Heydari, A.,
2014. Direct oxidative amidation of benzyl alcohols using
EDTA@ Cu (ll) functionalized superparamagnetic
nanoparticles. Applied Catalysis A: General. 482: 336-343.
Pini, M., Rosa, R., Neri, P., Bondioli, F. and Ferrari,
A.M., 2015. Environmental assessment of a bottom-up
hydrolytic synthesis of TiO 2 nanoparticles. Green
Chemistry. 17(1): 518-531.

Gavankar, S., Suh, S. and Keller, A.A., 2015. The role of
scale and technology maturity in life cycle assessment of
emerging technologies: a case study on carbon nanotubes.
Journal of Industrial Ecology. 19(1): 51-60.

OoSa 5 (50l a3 el s>

2 e ez Sy odlinal Sl b ond
30500 dlge e Sl dalllan 850 s lae slo el
Egoze 50 (oo 90 Sdlr sl adllas 550 sloals
b s o lis pols aslae gl (F V) cwsl ao o O 5l 565
Lusa gl jasls le ow] Cawsds axgs JBB S| 4 axg5
Sl S s Bran 55 (Brae Ol (Sl le)S s
s s Jale glolii 31,5 301 loniogl  slagns o
slasgyg S5k ablise 6505 (S jlarze lasaly 1l
Saodl a5 8 & il 5 i 2SI 555 NHS DCC

OBl 0 1 e G i A il eal eslaiul (S as
g b W ailazsls asdlas 550 Sl o el
sdzme oolaiwl g bl dadlagil gois e o a5 cubls

Lo ol alS o (S5 S8 (o9 Jetre bbb 4 ol
L Lodlgl adss ;o a5 caS g oo Egamme,s Ol swn)
L U L5l L51.‘73..\;_11)5 g dlge 3l oolatul ( pants slas S

S arls Wiy oo byl Sl a2 b)) wires 5 S
S S g ngm Q‘)’.:Aé\.j I jpanys Li=e

I RS ¥

L olodl> yuu" flae cov asbobl 5l Jol> dlie ol
5 @l Gl 5l op 0oVl Bio cazr I Joae
csodsl o3 TolEtils G gumn " 00 i sla il Gl a5 1> ;)|

oBaglejl e yiome cydgtne Slaliusg a0 0Bl o Slisdos g pole a1y

JWS" G cnl plosl jo 0¥ (g)en Jdody Ly Sy )
Dl Josas Jlo,08 5 Sis

&m

1. Shahri, E., Sayadi, M.H., Yousefi, E., 2020. Evaluation of
heavy metal pollution of Zinc, Nickel, Chromium, Lead,
Cadmium, Copper and Iron in water, surface sediments and
algae of the northern shores of Makran Sea in summer 2020.
Journal of Animal Environment. 12(4): 593-603. (In
Persian)

2. Baharvand, F., Varvanii, J., Torajzar, H., Hedayati,
AA. and Ahamadi, A. 2020. Evaluation of total
concentration of petroleum hydrocarbons and heavy metals
(lead, cadmium) in petroleum effluents. Journal of Animal
Environment. 12(3): 389-394. (In Persian)

3. Kazemi, A., Bahramifar, N., Heydari, A. and Olsen, S.1.,
2018. Life cycle assessment of nanoadsorbents at early stage
technological development. Journal of Cleaner Production.
174: 527-537.

4. Arvidsson, R., Nguyen, D. and Svanstrom, M., 2015. Life
cycle assessment of cellulose nanofibrils production by
mechanical treatment and two different pretreatment
processes. Environmental science & technology. 49(11):
6881-6890.



