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Fig. 1- Accumulation of Zn metal in roots, stems and leaves of control and treatment vetiver plants
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Fig. 2- Accumulation of Cr metal in roots, stems and leaves of control and treatment vetiver plants
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Table 2. Examination of anatomical traits of vetiver root
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* Shows the significance of the traits in relation to each other

Ole & o yolie polie 049 Yl wald
(S disle i SI518 Vaors 09 Sl ;o o lasli]
obS o) sl ane glocdale 1o &5 e 5 poasls
g by Ble aulgs oo Vb glacdale jo it o3Y
4 a4 L (Poor Akbar et al., 2014) gl pand golie
2 o ol 3 polie ol o lulial glacdils
Sl 555 asben ieie Sy Ylisl b o
Slacanl 4 50 5 00 i sl jles lalS
Sdg Oliee 9wl GelS leg (LS o plas
el Jolw slag o] a3l a5 waallgo gl
Gl sl (lS 4 e > e (LS o
odaliv yol> gados FSs j0 aF aisf les 8l
Wy Fare Sl b jled Cod &5 GlalS gl o
Ll S5 50 Jslome sloaid (e o ez LB (2al38!
wJ}l?uLgL{bMém.\mol?u‘u\medqw
Ol il g ool slie slaadsand (s b
Parvaiz ) sgi oo Jokw Joloeo sloiyuiiyy g Lo
Oleeds Yool Joloo sloasd (and Satyawati, 2008
S o Jos sl g LSl slge 5 (Sgilie sl
soleyply plpear wilg oo lagyge 90 wiile doni
Ol &5 aiS ol ) ola JUSww 5 00,5 Joe Lo
JrS 1y ol e gilin g 0y o 55 50 alize sl

(Rosa et al., 2009) wus' o
olS So5edg 38 slogwly 59, » Azizianetal. (2018)
plsl ) Slindod (59, pare Gl glacdale 4 (bx,

Q3 oo i po 4 Cod | Dlas og o pxe # Cdle

530l chilé j faro Gl b s lal 56
Sy Oedas 9 4B el

L oles Cov a5 Sl (abos ol mbs ool 5
ksl S 50 awaadlisogdle ol wingy o Oluy
o a5 GlalS Ll we s sals lbls 4 cos
Jslos sloaid adgi Gl wisg (Jaio Clay b oS
ot aals LS 4 S Ll S s sy g
5500 oldlas ls (F JS2) 0g piing gyl gine
oS Sl o aaadlsondle e a5 ams o L
sols 4 Cans wind g kol eois ahal olug b
.(Noorani et al.,, 2010) culs )l gme il
OgelinnSlyy Vgaxe 31 SO RUT-SOV| FPEXSE0N |8
guiloenST slacaw! asls lae 4 oS el o]
Geizs ,o (Monni et al., 2000) sgi oo 48,5 i jo
ozl A5 smio Clay b )lal 536 59, 6,500
oanlis Tagetes erecta oLS Su5slg 58 Slogas 4
&)kl 59, YE 5l gy e allisagdle adgi o)l 5ae 45 s
S LS ol Sl snis adal olug L
Gupta and) <iélb goldl sals lals @ o
S oS 518 Liu (2008) .(Mittal, 2017
copw g peedlS L ooad Jles Sedum alfredii oL
S ails ‘r:..x;.f 43‘5.? BN %mAJTL;aQyLo Sy
ol e el wll baty, 5 sl plal oS
S o aadllosnlle ods mals s (guios
ol 4 cos gxie Ol bl o lS

VEo) 5l ¥ oyl ¢ w0590 o sbasne pole aolilad

Y..



oLl 5 55 >l>

oo B Jsbo Lol g olacnsT wodas o Jobo ayal
.5l &dls ,> (Dubey and Singh, 1999) s s 2
o oanlie lomsiiger sloazlb sl | S ol
Sliis 5 sl 83l o 25 o Jlo ol o
sl e 2Pl plgiedr 1) ol slge cnl (35
(Omidi etal., 2018) wloastS il & i 4y oo
Odan LS 5o d92ge il slaswl o o
e ee Ol e Sla i 4 (i Conles
2 0 Ol Gl 5 el SslislS 5l g 0
Loy (pSow polie 4 ooyl slaSs o oS
Zhang et al., ) cul oals (3,155 salize o), Kangs
, (2010; Andrade et al., 2009; Schaller, 2003
Otlon @Sy peedlS S 556 050 50 (gl andllas
Lioje, Yo 0y50 oy QLS iy olS Sy o ol
Yo 0,90 5l L a5 ol camlice g wad jled ppeolS
4 S Jlogs QLS Sy 50 ol gy il s,
Shen et al.,) il g lo e iulidl wals LS
a5 ws S suslie Gupta and Mittal (2017) (2020
G 5l e (gixie ol L Tagetes erecta oLS s, Lo]
SB35 b e 9 3L B g Ol 9, TY
oS 5 50 el A ol b g )lal (aal38l 5 oo
slade Gl Lol @i jo il als olS
Sless o5 (kS Sy 00 o (ol e X polis
8l Rl sals plalS 4 Cod Seie Sl L
odguze ;3 gl Sluy )d (uSiw Olls Gl 4z 5
Sl 5l oolaul Js cadls asls J1,8 g Lol gly jlxe
39 O Sl3lE e iali8l el Gaw Yok (sl
spi00 il aly o8 DIl e g oS 5 S
6Bl el s ez (Rattan et al., 2005)
355 g0 (oo sloyisle 5 a5 Luly b Jolo iy
3 Beios owl ,o (Di Toppi and Gabbrielli, 1999)
(s Ol b glalS asle i g Lol wazgl

OlS jo (i 590 eaimolis dgn e il

cdale ol8lb Jelxe slaaid e a5 aiidl jo g wals
—e o cdale o g il Gl eSS e o (g9,
Ave cdale 5500, 995 Oliee i @ il 208
OlalS 53 oo slansd plie «59) S 5o 5 e
e aS ool las oladen cdl rals ouds Lo
))Yb slecdale 5O Wi P)'}! oS W 6‘)‘? g
Tewari ) W olS 59,0 ped gilio g 0y mile wiiles oo
sy o as audl o ladse i (et al., 2006
cdl el g9, Blol polas Camellia sinensis oLS
Mukhopadhyay et al.,) ol coisS Ll slanid odgs
sloazals )3 ol wdle 5 0d (cw)p pasS LS
Ol as ols lis peolS b oy jlegs g walls pass
S 5 S5 35 5 (5 2 5905 San crge peedls il
o Joloro aid alS ol o a4 bleie jew S5 @
8 ol sadxs 4o (Ehdaie et al., 2006) .ol o,
2 ldlaes S pudalie 10 &8 g raie plaie 4 )
03gizs ;0 gaio oluy o WS o oS0 bl
ol ol b olol Job jo adl caals )13 o laste
I3 Y 51 S Wigoe ol 5 il il olies
sy o LS a3l Ty sl slowid
3 ok &l recdilie sl 1y Jsbre slacdang S

igd g ; S5 ge
cog a5 SlS (s ol @bl elel p uizen
S50 Odon g Gliee wivg gaio Clay b e
Pt S gre Oy50 4 wald (lalS 4y Cond Ll
G g o lasbe 3 onlsn (F S 5y
sals adg ol sla JIGol, Bas o 1) dlaws sl
Odey (Zhang et al., 2010) oS oo Wyl s cou

oS (6 ol i jo ¢ ST BT iE  ogdle

VEoV 5l ¥ oylads a0y o sbasme pole aolilad

AR



ds (6899 (e Oluy sla Fodll I (S ks

@ arsi b oo n Ol 590 (K ol 0l al> o
b Rl b Bl plalS o Wl oo Jele 95 (5
(Kazem Ali Lou and Rasouli Sedghiani, 2012)

0.014
3 b
5 = 0012
= TS a
3 o o0l
5 B
3 € 0008
3 2 -
j: S 0.006
{ &
5 S 0004
LR
22 0002
3
0

Control Jyus  Treatment |Los

9
i
9@ 7
% £
X~ E 6
%24
v, S 3
2 £,
x 0
15
~ 0

Control s

)\) W) [al.?u‘ <_’>'L‘°u-‘°5f ‘_;‘>)) ..\.M.»la‘s‘e )Lo...s Cod
ailosls las 8w @lils s 0 ol pes 3,90

g 3l cdale @ i bl s o anelawwl (ol ol a5

5000
4500
4000
3500
3000
2500

a
b
1500 I
0

Sucros content (mg/L)

2000
1000
500

(5 ppsS o) 5,80 Glgime

Control Jjyus Treatment |Ls

a
| I

Treatment ,L.s

olo i <3939 Sy ol cbile (5 Joloee (sloasd clile « 5y (MDA) auaafligagelle cdilé y ato Glaw b gLl 36 -F JSo

S b dumlie 10 (tato Clug b )l 5 g
Fig. 4- Effect of some industrial wastewater contaminants on malondialdehyde (MDA) concentration, soluble sugar
concentration, proline concentration on leaf compared to control

4 S o Sl Jles Cov (LS 4y, egil]
S Gl ] il e 5y oS o S s 5 el
AYE VIO CHL [ IR TP ‘Giz.a,s'lﬂ Slaw 4o
A2 lid Cueglie 095 3l S 38 s o by o
Seidlased Slho (B ooy el ol b
Cad g dey cdale o sse ialiEl sasmslis
cdale g o vall 4y Cond o cod GlalS o Jele
Dy sals ol 5l xS s bl s aaalles gl
Ol o0 &5 Sy o0 Sl @ 3o (nl @l 4 4z b
e Sl olml sl s oS plsear el ol
@ axg b uimen .0, ooliiwl 009l Gblio ;o Logas

S 5 4o
(sirio Sl b syl olo il 5l (g ¢l Gz 5o
oLS ol Sleogas Gl 5l giie ;30 AT
el (ginio ol b lalS (g Lol .o snalin a4
9 30 Hled Cod Gl 55 098 5 (5, pate @ed
9 8L pexd ey ady, yo polie ol 51 oYL as s
Jisl [esl al Jase lee plail a4 g8 ke
Rg Sl S5 ey gex ,5iS B 5 Syl S sS
£35S 9 S35 rass jeds olS a5 W e Hlid @l ()
9 WS (0 0pd 093 Al 0 LS Cu Bk I,

2 Ol Sl 095 5 55, S5 Gl e Sl

VEo) 5l ¥ oyl ¢ w0590 o sbasne pole aolilad

B



oLl 5 55 >l>

&l i wlw
)).‘> dl_v)o (5'1 4..03} OMS}J )‘ d.ll.a.a U"‘ QKM}'
LS il ey dame S oylol (o pLS oSl
crentlS w8l o iasgd dae LS oSl

ol plsl Caz oY Sl s Jbe Coles oo 4
4 Cm abld Oduw (g rb-’l-" 9 ‘S‘LM 0)5)"
DS o (So,08 aileras lisl sl SLS b

Ahmed, K., Mehedi, Y., Haque, R. and Mondol, P.,
2011. Heavy metal concentrations in some
macrobenthic fauna of the Sundarbans mangrove
forest, south west coast of Bangladesh.
Environmental Monitoring and Assessment.
177(1-4), 505-514.

Andrade, S.A., Gratdo, P.L., Schiavinato, M.A.,
Silveira, A.P., Azevedo, R.A. and Mazzafera, P.,
2009. Zn uptake, physiological response and stress
attenuation in mycorrhizal jack bean growing in
soil  with increasing Zn  concentrations.
Chemosphere. 75(10), 1363-1370.

Altas, L., 2009. Inhibitory effect of heavy metals on
methane-producing anaerobic granular  sludge.
Journal of Hazardous Materials. 162(2-3), 1551-
1556.

Azizian, A., Ein Ali, A. and Valizadeh, J., 2018.
Physiological and biochemical responses of basil
(Ocimum  basilicum) due to  different
concentrations of zinc. Iranian Plant Biology. 36,
56-35. (In Persian with English abstract).

Brunetti, G., Farrag, K, Rovira, P.S., Nigro, F. and
Senesi, N., 2011. Greenhouse and field studies on
Cr, Cu, Pb and Zn phytoextraction by Brassica
napus from contaminated soils in the Apulia region,
Southern ltaly. Geoderma. 160(3-4), 517-523.

Bercu, R. and Jianu, L.D., 2003. Practicum de
Morfologia Si  Anatomia Plantelor. Ovidius

)\b].al.».c )‘ ‘S;BJL» M)é g.)g\} LY ‘_955.9 )9SJA OL.S 4&»)‘
@yradyo jshie d (g co l 03 olse plal g ads
oL:f U"‘ 6)LJT (5‘)..1 f‘-‘ ULA.A.A-’ )‘ ‘U”)’“‘“ uT dfa.c )Q
Sl 5l oolaswl axdl oS oolaiwl juw (glad ol o
b Gillae g guomo o pae ol p wb g)lol ol o
w! S S g bl ol 1o g ouls &l | slas laslewl

.QJ;Q)WJm]mh*mjaltf‘Ju
&b

University Press, in Constanta, Romania.

Bates, L.S., Waldren, R.P. and Teare, 1.D., 1973.
Rapid determination of free proline for water-
stress studies. Plant and Soil. 39(1), 205-207.

Belaid, N., Neel, C., Lenain, J.F., Buzier, R.,
Kallel, M., Ayoub, T. and Baudu, M., 2012.
Assessment of metal accumulation in calcareous
soil and forage crops subjected to long-term
irrigation using treated wastewater: case of El
Hajeb-Sfax, Tunisia. Agriculture, Ecosystems and
Environment. 158, 83-93.

Bazobandi, M., HadiZadeh, M.H. and Arian, H.,
2012. Efficiency of graminicides and glyphosate in
control of Vetiver grass (Vetiveria zizanioides (L.)
Nash). Journal of Weed Research. 4(1), 62-71. (In
Persian with English abstract).

Cakmak, I. and Marschner, H., 1993. Effect of zinc
nutritional status on activities of superoxide radical
and hydrogen peroxide scavenging enzymes in bean
leaves. In Plant Nutrition—from Genetic Engineering
to Field Practice. Springer, 1993, 133-136.

Chen, H. and Cutright, T., 2001. EDTA and
HEDTA effects on Cd, Cr, and Ni uptake by
Helianthus annuus. Chemosphere. 45(1), 21-28.

Darajeh, N., Idris, A., Truong, P., Abdul Aziz, A.,
Abu Bakar, R. and Che Man, H. 2014.
Phytoremediation potential of vetiver system

VEoV 5l ¥ oylads a0y o sbasme pole aolilad

Y.y



s (6399 Srie Sluy sla Sogl 5l S ahas

technology for improving the quality of palm oil
mill effluent. Advances in Materials Science and
Engineering, pp. 1-10.

Dindarlou, A., Hedayat, M. and Hosseini A., 2016.
Evaluation of Absorption of Cd, Zn, Pb, Ni, Fe,
and Cu Present in Hospital Wastewater by
Phytoremediation Using Vetiver Grass. Journal of
Water and Wastewater. 27(1), 1-10. (In Persian
with English abstract).

Dubey, R.S. and Singh, AK., 1999. Salinity
induces accumulation of soluble sugars and alters
the activity of sugar metabolising enzymes in rice
plants. Biologia Plantarum. 42(2), 233-239.

Di Toppi, L.S. and Gabbrielli, R., 1999. Response
to cadmium in higher plants. Environmental and
Experimental Botany. 41(2), 105-130.

Ehdaie, B., Alloush, G.A, Madore, M.A. and
Waines, J.G., 2006. Genotypic variation for stem
reserves and mobilization in wheat: I. Postanthesis
changes in internode dry matter. Crop Science.
46(2), 735-746.

Gadd, G.M., Gray, D.J. and Newby, P.J., 1990.
Role of melanin in fungal biosorption of tributyltin

chloride. Applied Microbiology and
Biotechnology. 34(1), 116-121.
Ghaemi, A.S. and Majdeddin, F., 2016.

Investigation of the phytoremediation of Vetiver
and eucalyptus by Absorption of heavy metals
from sewage in a contaminated soil with landfill
leachate. Water Resources Engineering. 9(28), 95-
106. (In Persian with English abstract)

Girija, N., Nair, M.M., Lakshmi, S. and Pillai, S.S.,
2016. Phytoremediation Potential of Vetiver
Zizanioides: A Green Technology to Remove
Pollutants from Pampa River by Hydroponic
Technique. Indian Journal of Advances in
Chemical Science. 4(4), 464-468.

Gerrard, A.M., 2010. The ability of vetiver grass to
act as a primary purifier of wastewater; an answer
to low cost sanitation and freshwater pollution.
Methodology. 5(6), 2-18.

Ghorbanli, M. and Babalar, M., 2003. Plants
mineral nutrition. Press Teacher Training
University of Tehran.

Gupta, R. and Mittal, A., 2017. Effect of textile
industry effluent on growth and biochemical
parameters of Tagetes erecta. Indian Journal of
Science and Technology. 10, 1-7. (In Persian with
English abstract).

Hasan, S.N.M.S., Kusin, F.M., Lee, A.L.S.,
Ukang, T.A., Yusuff, F.M. and lIbrahim, Z.Z.,
2017. Performance of vetiver grass (Vetiveria
zizanioides) for phytoremediation of contaminated
water. In MATEC web of conferences (Vol. 103,
p. 06003). EDP Sciences.

Heath, R.L. and Packer, L., 1968.
Photoperoxidation in isolated chloroplasts: |.
Kinetics and stoichiometry of fatty acid
peroxidation. Archives of Biochemistry and
Biophysics. 125(1), 189-198.

Jafari, M., Moameri, M. and Jahantab, E., Zargham
N., 2017 Effects of municipal solid waste compost
and biochar on the phytoremediation potential of
Bromus tomentellus Boiss in greenhouse condition.
Iranian Society of Range Management. 2(11), 194-
206. (In Persian with English abstract).

Kasim, W.A., 2006. Changes induced by copper
and cadmium stress in the anatomy and grain yield
of Sorghum bicolor (L.) Moench. International
Journal of Agriculture and Biology. 8(1), 123-128.

Kalbasi, M., Racz, G.J. and Lewen-Rudgers, L.A.,
1978. Reaction products and solubility of applied
zinc compounds in some Manitoba soils. Soil
Science. 125(1), 55.

VEo) 5l ¥ oyl ¢ w0590 o sbasne pole aolilad

V¥



oLl 5 55 >l>

Karami, A. and Shamsuddin, Z.H., 2010.
Phytoremediation of heavy metals with several
efficiency enhancer methods. African Journal of
Biotechnology. 9(25), 3689-3698.

Khoshnavaz, S., Boroomand Nasab, S. and
Moazed, H., 2014. Investigation onnitrate removal
efficiency of Karun agro-industry agricultural
wastewater at surface flow constructed wetland
with cultivated vetiver grass. Wetland Ecobiology.
6 (3), 5-14 (In Persian with English abstract).

Kazem Ali Lou, S. and Rasouli Sedghiani, M.,
2012. The effect of soil cadmium contamination on
physiological indices of Hyoscyamus niger L. in
the presence and absence of microorganisms that
stimulate plant growth. Journal of Soil and Water
Science. 4, 30-18. (In Persian with English
abstract).

Monni, S., Salemaa, M. and Millar, N., 2000. The
tolerance of Empetrum nigrum to copper and
nickel. Environmental Pollution. 109(2), 221-229.

Mukhopadhyay, M., Das, A., Subba, P., Bantawa,
P., Sarkar, B., Ghosh, P. and Mondal, T.K., 2013.
Structural, physiological, and biochemical
profiling of tea plantlets under zinc stress. Biologia
Plantarum. 57(3), 474-480.

Nagajyoti, P.C., Lee, K.D. and Sreekanth, T.V.M.,
2010. Heavy metals, occurrence and toxicity for
plants: a review. Environmental Chemistry Letters.
8, 199-216.

Nojabaee, S.A., Ghajar Sepanlou, M., Bahmanyar,
M.A., 2017. Concentration of lead and chromium
in leaves of cress and parsley in soils irrigated with
contaminated water. Journal of Water Research in
Agriculture. 31(2), 181-194. (In Persian with
English abstract).

Noorani Azad, H., Choobineh D., Haji Bagheri, M.
and Kafilzadeh, F., 2010. Study of copper toxicity

on growth and tolerance of sunflower (Helianthus
annuus L.) cultivars Sun-33. Iranian Journal of
Biological Sciences. 2, 67-74. (In Persian with
English abstract).

Omidi, N., Sidi, N., Shafiei, A. and Abbaspour, N.,
2018. The effect of air pollution stress on proline,
hydrocarbon and photosynthetic pigments of
ornamental maple tree (Acer negundo L.). Journal
of Plant Research. 3, 13-1. (In Persian with English
abstract).

Parveen, T., Mehrotra, I. and Rao, M.S., 2014.
Impact of treated municipal wastewater irrigation
on turnip (Brassica rapa). Journal of Plant
Interactions. 9(1), 200-211.

Pathak, C., Chopra, A.K. and Srivastava, S., 2013.
Accumulation of heavy metals in Spinacia oleracea
irrigated with paper mill effluent and sewage.
Environmental Monitoring and Assessment.
185(9), 7343-7352.

Parvaiz, A. and Satyawati, S., 2008. Salt stress and
phyto-biochemical responses of plants-a review.
Plant Soil and Environment. 54(3), 89.

PoorAkbar, L. and Ebrahimzadeh, N., 2014.
Growth and physiological responses of maize (Zea
mays L.) to copper and nickel. Journal of
Agriculture. 103, 157-148. (In Persian with
English abstract)

Reeves, R.D., Baker, AJ.M. and Romero, R.,
2007. The ultramafic flora of the Santa Elena
peninsula, Costa Rica: a biogeochemical
reconnaissance.  Journal of  Geochemical
Exploration. 93(3), 153-159.

Roongtanakiat, N., Osotsapar, Y. and Yindiram,
C., 2009. Influence of heavy metals and soil, on
vetiver (Chrysopogon zizanioides) grown in zinc
mine soil. Kasetsart Journal (Natural Sciences). 43,
37-49.

VEoV 5l ¥ oylads a0y o sbasme pole aolilad

Y0



s (6399 Srie Sluy sla Sogl 5l S ahas

Rosa., M., Prado, C., Podazza, G., Interdonato, R.,
Gonzélez, J.A., Hilal, M. and Prado F.E., 2009.
Soluble sugars—Metabolism, sensing and abiotic
stress. Plant Signaling and Behavior. 4(5), 388-393.

Raycheva T. and Stojanov, K., 2013. Comparative
anatomical study of five species of genus
Asparagus in Bulgaria. Trakia Journal of Sciences.
2, 104-109.

Rattan, R.K., Datta, S.P., Chhonkar, P.K.,
Suribabu, K. and Singh, A.K., 2005. Long-term
impact of irrigation with sewage effluents on heavy
metal content in soils, crops and groundwater—a
case study. Agriculture, Ecosystems and
Environment. 109(3-4), 310-322.

Sinhal, V.K., Srivastava, A. and Singh, V.P., 2010.
EDTA and citric acid mediated phytoextraction of
Zn, Cu, Pb and Cd through marigold (Tagetes
erecta). Journal of Environmental Biology. 31(3),
255-259.

Schaller, H., 2003. The role of sterols in plant
growth and development. Progress in lipid
research. 42(3), 163-175.

Shankar, A.K., Cervanters, C, Loza- Tavera, H.
and Avudainayagam, S., 2005. Chromium toxicity
in plants. Environment International. 31, 739-753.

Shanker, A.K., Djanaguiraman, M, Sudhagar, R,
Chandrashekar, C.N. and Pathmanabhan, G., 2004.
Differential antioxidative response of ascorbate
glutathione pathway enzymes and metabolites to
chromium speciation stress in green gram roots.
Plant Science. 166, 1035-1043.

Shivhare, L. and Sharma, S., 2012. Effect of toxic
heavy metal contaminated soil on an ornamental
plant Georgina wild (Dahlia). International Journal
of Current Research and Review. 4(19), 25.

Shen, T., Zhang, C., Liu, F., Wang, W., Lu, Y.,
Chen, R. and He, Y., 2020. High-Throughput
screening of free proline content in rice leaf under
cadmium stress using hyperspectral imaging with
chemometrics. Sensors. 20(11), 3229.

Tabande, L. and Taheri, M., 2016. Evaluation of
Exposure to Heavy Metals Cu, Zn, Cd and Pb in
Vegetables Grown in the Olericultures of Zanjan
Province's Fields. Iranian Journal of Health and
Environment. 9 (1), 41-56 (In Persian with English
abstract).

Tewari, R.K., Kumar, P. and Sharma, P.N., 2006.
Antioxidant responses to enhanced generation of
superoxide anion radical and hydrogen peroxide in
the copper-stressed mulberry plants. Planta.
223(6), 1145-1153.

UNESCO, 2021. The United Nations world water
development report 2021: valuing water, P. 187.

Vajpayee, P., Tripathi, R.D., Rai, U.N., Ali M.B.
and Singh S.N., 2000. Chromium (VI)
accumulation reduces chlorophyll biosynthesis,
nitrate reductase activity and protein content in
Nymphaea alba L. Chemosphere. 41, 1075-1082.

Weisto, E., Toven, D., Kucharski, R. and Szdzuj, J.,
2002. Human health risk assessment case study: an
abandoned metal smelter site in Poland.
Chemosphere. 47(5), 507-515.

Yoon, J., Cao, X, Zhou, Q. and Ma, L. Q., 2006.
Accumulation of Ph, Cu, and Zn in native plants
growing on a contaminated Florida site. Science of
the total environment. 368(2-3), 456-464.

Yousefi Z., Kolahi M., Majd A. and Jonoubi P.,
2017. Cadmium Effect on Morphologic-Anatomic
Characteristics and Pigmentation of Sugarcane
(Saccarum officinarum L.) Var Cp48-103 In vitro
Culture.

VEo) 5l ¥ oyl ¢ w0590 o sbasne pole aolilad

Y5


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%26%23x000e1%3Blez%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=19816104
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hilal%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19816104
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prado%20FE%5BAuthor%5D&cauthor=true&cauthor_uid=19816104

oLl 5 55 >l>

Journal of Plant Research (lranian Journal of
Biology). 31, 996-1006. (In Persian with English
abstract).

Yunus A., Yoshifumi M. and Yasuaki H., 2020.
COVID-19 and surface water quality: Improved
lake water quality during the lockdown. Science of
The Total Environment. 731, 1-8.

Zaier, H., Ghnaya, T., Ben Rejeb, K, Lakhdar, A,
Rejeb, S. and Jemal, F., 2010. Effects of EDTA on
phytoextraction of heavy metals (Zn, Mn and Pb)
from sludge-amended soil with Brassica napus.
Bioresource Technology. 101, 3978-3983.

Zhang, H.H., Tang, M., Chen, H., Zheng, C.L. and
Niu, Z.C., 2010. Effect of inoculation with AM

fungi on lead uptake, translocation and stress
alleviation of Zea mays L. seedlings planting in
soil with increasing lead concentrations. European
Journal of Soil Biology. 46(5), 306-311.

Zhang, Z., Rengel Z. and Meney, K., 2008.
Interactive Effects of N and P on Growth but Not
on Resource Allocation of Canna Indica in
Wetland Microcosms. Aquatic Botany. 89, 317—
323.

VEoV 5l ¥ oylads a0y o sbasme pole aolilad

Y-y


https://plant.ijbio.ir/?lang=en
https://plant.ijbio.ir/?lang=en
https://plant.ijbio.ir/?lang=en
https://www.sciencedirect.com/science/article/pii/S0048969720325298#!
https://www.sciencedirect.com/science/article/pii/S0048969720325298#!
https://www.sciencedirect.com/science/article/pii/S0048969720325298#!
https://plant.ijbio.ir/?lang=en
https://plant.ijbio.ir/?lang=en
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697
https://www.sciencedirect.com/science/journal/00489697/731/supp/C

R ol
= 9
-

i 7l
W

| Tom

Environmental Sciences VVol.20 / No.3 / Autumn 2022

191-210
Original Article

Purification of some industrial waste water contaminants entering the
Caspian Sea basin using the vetiver plant

Sahebeh Hajipour, Morteza Mohammadi Deylamani, Mohadeseh Momen Zadeh and Mansour Afshar
Mohammadian”

Department of Biology, Faculty of Science, University of Guilan, Rasht, Iran
Received: 2021.10.19  Accepted: 2022.04.24

Hajipour, S., Mohammadi Deylamani, m., Momen Zadeh, M. and Afshar Mohammadian, M., 2022.
Purification of some industrial waste water contaminants entering the Caspian Sea basin using the vetiver plant.
Environmental Sciences. 20(3): 191-210.

Introduction: Plant remediation is cost-effective and environmentally friendly, in which the plant uses its
natural abilities to restore the environment. Plants used for phytoremediation must have the ability to
accumulate large amounts of metal pollutants without causing toxicity in them. Today, with the increase in the
world's population and the development of industries and factories, the amount of wastewater entering the
environment, which often contains heavy metals and various pollutants, increases. Heavy metals have
destructive effects on the health of plants and animals in different ecosystems. Considering the ability of heavy
metals to accumulate and cause toxicity in living organisms, this type of pollution is considered a serious and
fundamental problem. The use of plants as an effective and cost-effective technology to remove metal
pollutants from contaminated soils and waters has been recommended as a new method instead of other costly
measures. Therefore, the removal of pollutants from soil and polluted waters with the help of plants through
absorption and accumulation in roots, stems and leaves is considered as one of the purification methods to
remove metal pollutants. In this process, choosing the right plant with high absorption capacity and compatible
with the environment, without negative environmental effects, plays a very effective role in the amount of
pollutant purification.

Material and methods: In this regard, in order to investigate the uptake and accumulation of heavy metals by
plants, an experiment was conducted in a completely randomized design with three replications using vetiver
plant. Plants treated with industrial effluent and control plants were irrigated with municipal water. Also, pots
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containing soil without plants were considered to measure the amount of elements in the soil during the six-
month experiment period, they were regularly irrigated with other pots with industrial effluent. In order to
investigate the effect of irrigation with effluent on the yield of vetiver plant, after a six-month period of
experiment, heavy element analysis and anatomical and physiological studies were performed on plants treated
with industrial effluent and control plants. Transfer and accumulation factors, which are two important factors
in measuring plant ability for phytoremediation, were also examined.

Results and discussion: The results of this study showed that among the most heavy metals in industrial
effluents, which included zinc and chromium, most of the mentioned elements were stored in the roots of
vetiver and less were collected in the aerial parts. Also, the results of physiological traits experiments showed
that the factors of soluble sugars and proline in the treated plants increased compared to the control and the
concentration of malondialdehyde in the treated plants decreased compared to the control. The results of root
analyses in control and treated plants showed that root diameter, central cylinder diameter and number of
vascular clusters in treated plants increased compared to the control.

Conclusion: Overall, the results of this study showed that in the process of absorption of heavy metals, changes
were made in some anatomical and physiological traits of treated plants. Examination of transfer and
bioaccumulation factors also showed that vetiver has the ability to absorb zinc and chromium through plant
stabilization.

Keywords: Industrial effluent, Phytoremediation, Heavy metals, Vetiver plant.
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