Environment and il waign 9 Cunyj lazan

Water Engineering YEYT-TAY @ Ol
ISSN: 2476-3683 ;

Ml o 3l cow o) ole, Kkl olE o Shes o oYL olS sl (w2
2926919 w2 9 000 ,5 (adile pual ol s (Hbaesme plel

YoV —118 lrisd P bl o o kot ¥ o0
Vol. 7(2), Summer 2021, 207-219

DOI: 10.22034/jewe.2021.255358.1458

Evaluation of Phytoremediation Potential and
Yield of Helianthus Annuus under Sewage
Sludge application

Mohammadian, E., Hashemi Garmdareh, S. E.
and Varavipour, M.

wWww.jewe.ir OPENaACCESS

o (ul & gl

Lo o 3t s gy oo, KlisT olS o Shes § oYU olS Jnily sy OV Fe ) o gmasolys 5 ] 0,005 ooy ol (ldesre
YV-YV1 :olrbo ¥ O)Lo.ja Y 0)56 sg] @udu..ﬁ,o jw)m

Citing this paper: Mohammadian, E., Hashemi Garmdareh, S. E. and Varavipour, M. (2021) Evaluation of
Phytoremediation potential and yield of Helianthus annuus under aewage aludge application. Environ. Water Eng., 7(2), 207—

219. DOI: 10.22034/jewe.2021.255358.1458




l ) o, KT oS o Slas usy s

g Alio

BB o p 53U i iy j o0 ,50LS8T oLS o Slos g oYL olS Jwily oy p
Tonss o 570 S bl el pld 0L dezs plgll

u‘)al ‘u‘)ﬁﬁ ‘Q‘)QJ oKiils ‘L)L’U)S'J OOy u..J (Ao 03; ‘6).':53 ‘55.7.“.:‘&‘
U‘)“‘ ‘Q‘)‘Q‘ ‘L)‘)‘ef oKiils ‘L’)L’>u“)9.g| oy 45..31 (Ao 03; ‘)Lgol;;.;lv
L)‘)"‘ ﬁu‘}.e‘d ‘U|).Q) oKiils ul?o)y‘ o=y u..l—‘ (e 03; ‘)wb\‘

sehashemi@ut.ac.ir : J giwme susums o5

Dyyaan - ivel:ghpmdy gu,b Dyvaas-aval (6,550 &b Divaa/ s AT iedl o &6
ouS

0 pd 355 slaplal jo Iy Sl5la 51 YL polie w0l g asile |) S5 51 e Ol3l8 2l el SUly sy (LS 51 g ke
S Baa b hegh cpl axdlioe ol lp (cedls DML a3l cigd coi Ll (2138 0y o)lg aS ol Sl g aisS
ao b i opl b plonl Ol g S50 sezge (S S5 VLol UE (oyn g (S5 I SST olS 5 Sles
olS” slacSoh b B 13 5 5185 aw 40 S S3e AT 5 Ve o Jals (o)l ps g oSl albaias 4 bg e o2 o
5 oS Sl3ls clale s e (ial3El coms LS o 15 a5 ol las gl abl o) ol ,Soksl ol (g5, (Bolas
anle wd, sl a3l (S S59 AT+ olime 4 Lol o 5l sslital o oLS jo IS Gilitee slaidu S g 5 o ,Shee
Bl ;hd (ARG 5 VAY b iy alen plail g ady)) Sas 59 (FAIDE G o VY o ¥ i iay olgo plail 5 ais ) 5 5
5 i ales il g Aty ) Oy i il cdale j5 g (VIFF Cm) S kd o (VA/F em) asle glis | (- /YA €M)
5 10N s pa glee plasl g ady)) peaedls o (V- F MQIKG 5 Y/PO s slen plail g aiy ) IS «(F/Y0 mglkg
5 Ol LS oS 5l S JUal (Sl g S oYL Ay (e oS 58S 4 azgi L ogy el ((YFY Mg/kg
5 ot & oSt Sl 355 5 (AL St 555 b a5 a3y nFrs Sl JUE 5 Sd (sl canlis oLS S

S o0 S S Sl

YLl ¢ K I3l ¢ ) pezn 5S¢ Jlamsl gxS16 ¢ iy ol ,S0li8T i gands slaolg

Environment and water Engineering ol (owdige g Com; barmo N
VO|.7, No 2, 2021 \¥. . ul—a—m—il—l Y o)l.o.ﬁ.» Y 0,90 ”"/




YA

VEee e 5 leses

(o> Ol g soisaias OMSB 5| oS 5) 9> g (eobashas
Slowd 40 peredlS 5 oy cdalé a4 Ws S canlie g dSl
oS ol oddabal OB I 5 iy ol adal OB
2 5 g meedlS sy ool o el (i I3l
Lo olel cov gy g anl gz )8 Glixe slaplal
Al ;0 @l Olil8 e a5 ols las

(Farmani Fard et al. 2016) 55 S0 slaplasl 5 s

oA bdudal u)l.aals

@bt Sy, 5 SL ettt aile mie by iz
Sl as @l 34y eI 5l K Blils Bds
2 skl SIS s s wilped 48 005 8e (sl
sghs, Sl S WS e sl Ssdsn slacllld
Ohsy Ml
—olS oyls 655 shewjlame SIS AS \&Yl.;oL,:
o lhiaty LS asliid &l sl e (oYL
Comjlame b aS coul o5 anje L Sl lasasY]

b_;f;l.i = ‘_gL:bo..\;g‘YT B>

—P Py Joee o C)Lc‘ sl iy, 532 9 o400 6)1.?)'@
(Soilem cudls 5l cbli> oKe sl el g 08,5
sphe S pled Slogar 5 (S ksl
by oo ols 5l s,lew (Clemente et al. 2006)
@Yl polae w50l g ails ) S 3l coww Sl3l8 25l
O3 Jome 0 g S 033 093 slapladl o 1, @l
ol e Bkl aies dslol vgr (sl 4 o @Sl Sl
QB plply 5 Wed oed Gludl Slae 0y o)ly lalS

(Liuetal. 2008) arib oo Hlas! 51y ceds EHSi0
yame @lp Jlrsm o 5 Mol o) gl o s
039 (AR 45 b sdalie g oad 03y T4 (S BaxrsS
UN.QLQL’?!J)[M 4.» .Iaj.:),c O)SJ..Q.C 9 09.3.4 Q‘J.x.}' ‘oL:fs_i.fé
2 o3l G L g Lol 1 ), (Hossain et al. 2015) sg
e ialeyl g0y 3% g mpedlS (59, (2] o pn fe
L oS (5yhnz g puiS ;3 45 3503 (afdne (Shax 9 a5 (59,
PR\ ] I URIC COVIGH Y P DS SRRV P Vo) BN |
Mirzaei Takhtagahi et al. ) og 5 o ais, jo o] ges
2 b = 31 Singh and Agrawal (2010) (2016
g0 u)‘l.»alﬁ k);d ..\.uﬁb)\) 9 ..\.30‘0)‘)5 AJJUQAQ)}A ‘) C.:).s

- Phytoremediation
Environment and Water Engineering

oo —)
S8l g psm I LSS Comezx Al 4y gy Wy 4 axgi L
o9l o] sty 5 Cemjlazme sla Sogll e (505
692 9 (oobol Sl «55)5laS S I cage 23
sleacz 5l olde Coial me 9050 j poanl ans o Lis
& (Amoei et al. 2012) sy aalys ] a5 5 W5
(o 5SS Sl Sras (S S I8 Lo
5 ML slealbaiar 5l Jol> o (alerd slassS
sleosss (Hashemimajd 2010) coul @il 1 Seial yolas
e jolie I pep e cleay OB o) Sl ]
3, 8bes Gralil el o)lse St 50 I olse 5 ol Lo 50
polae 05 a5 cul ooy lis ba ieghy igd oo oL
S bl s e S0 ML o) el
5 350 oL (I3 Slge 5| 42 b polis el 5 S5
Spae &S J )0 wasoe (BN Jpame bS5 CoeS
CodeS 9 9 Shee alS cel 5 cnl oIl ol e 5l e
ol b (Fresques et al. 1990) oo 5 o (55,5l &Y game
oo e Ol Gl (2 BB polie gl OO ez
CodS Gl el ax oy ilg e &5 WL
S Gz g 65,sliS DYgaze 5 S glerd
oS Sl3ls a4 S5 Sog)l (Balkhair et al. 2016) ol
oS alsty iz Gayb Sl lid oy 4 o] 55 cge
pag colasl o o S Ol S et 20,5 0
4 9955 5l o S ety 5 23l LapT o olsibie
s o
O 53 e slags e Sop cge ol (red 45 Nigh o
alidls 2l (g,5,06 da ol o glgil o mae YOS aiile
Sadat ) o350 e onl 5 ol 5 Ol Sa
(Taghavirad et al. 2014

G o slail s 5 a0 o

sleype Ghlol S
EozS edd Gl pai -3 cnS ol b o gYeb
s oMol oo Galiee polie b opeSiw I3l
(e 489, g Sl 63,515 =)V ton/halyr x5l
(Yang et al. 2018) ¢l ulydl S 0 pguedlS § oy

Loole ol

peodlS 5w pei o, 4 Hatamian et al. (2020)
Mol 5,5 L) pasS el)y OVgame ¢ S o

ulwij)lam

Vol. 7, No. 2, 2021

égm

\¥. . ul.........;l.n At o) Lol Y 0,99



) Q\o)i-t;é—l olS o Slos sy p

Orepay alse Jleday 6y500 9,50 cabiiaS LS
Sfes BB I (sl Bua b feghy l ¢pslaie
5 olS 5 S o K wlils cdale o) ol Kbl oLS
5 S5 o) e Sl VLelS Sl e 58

A bl ol ol lawgs S50 94290 (pgmeslS

o rg) 9 olgo - ¥
Sliiss AE s AYAV-VTAA Lo s Liegh o
Oygods gk (nl b Ll ol olasls Gl el sy
chw 4w b Bolar MlS slaSoly 7 LJB o Sl
plsl LSS 4w b OMSB (o S (S35 7Y 9 )
Slisdo ac)re Yoo
ools Jaul jiogh plowl Jore 4y g ails (65,5l caSCidls
ol wlsabas 4 by e oolatuly g0 ONSL ) 0l

s O).})ls
CM Goe 3l oolaiuly g0 Sk 0

J9oz o9 GSlane Ghg) 4 esd wan g5 5l IS cgix
oy S plerd 5 (Sopd sl Shy 5l S ()
Sl polde aslie e oo lid 1) colaiuls jge LS
b gtalesl opse oo 50 (powedlS 5 US e ym) (i
USEPA ) S ol cannjlame cbla> il 6Lmo)|.\3t;wl
u—’d LJ"‘ B J.»ol.& L)"‘ cdale oS J&osa U ‘(1993
S u>5¢9J| il 5l g 009 jloe odgasme o DL

Bl e 1995

0,8 g dils g Il iy (0 pgenlS cdale ol
L s ol L;')}ﬂ 30 S olils ol 31 adlas
i Ol3s S )] 8,5 001 g S 6 luas SS
Sls las ooyl slaSs SYLoLS ;o joul oS i 4 plo]
Ohls sl joed olF e ady; g gead jeSB polis
ol.:f k_;:\jl.ucLa.f C"’L‘“’ (All et al. 2012) So» <. ¥ 9 VR A
sl s Zinnia elegans ol ob Ll 5 oo
)ow&&}lépSC@JQASolonwgoejﬂ
223 alil 1) o 58 YLolS wilgs co oLS (ol coogd] bl
Syee 4 bgh bl (Afroosheh and Karami 2015)
2 pssS ol Gy o 5 sl VS sl
Alyy 40 pg,S 0, d Cp i a5 ol lid GlallS Ll o
oo ol JBI 85 W gn o ol ] S wiloo i sl

(Fatimenik 2017) <ol sgame olgp plasl 4 ady |

solgils 51 Helianthus annuus  _ole b b oo olo,Kolis]
a5 das e plis ey mls .asb . Compositae
~S VLol sl lS G et s o1, eolsils
a>45 b .(Prasad 2007) sxib co opuSw i3l 4 005l sl
2 ML 2 05 oy S g0 slagiagh @
oabztS lals o, Sloe g 0y o 5B g 659ta8 <2l
g LB 2 0 Sgrge S SIS Glie (owyp 25 g

oolituls g0 ML 2 § S pleond 5 (So3d slo Sy 5l S Jsox
Table 1 Some physical and chemical properties of soil and sewage sludge used

Property Unit Soil Sewage sludge  Standard allowable limit (USEPA 1993)

Soil Texture - Sandy Loam -
pH - 7.7 6.45 -
EC dS/m 0.80 16.2 -
CEC cmol+/kg 20.1 -
oM % 0.45 40.47 -
N total % 0.172 3.69 -
K mg/kg 99.86 328 -

Pb mg/kg 4.6 61.35 300

Ni mg/kg 2.3 65.7 420
Cd mg/kg 0.409 39
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Table 2 Analysis of variance of the effects of wastewater sludge application on the concentration of heavy metals in
the soil
average of squares (SM)
Sources of changes Degrees of freedom Pb Ni Cd
mg/kg mg/kg mg/kg
Repeat 2 0.05" 0.0067 " 0.00019 "
Treatment 2 3.58 ** 0.484** 0.0086 **
Error 4 0.022 0.0147 0.00013
Coefficient of variation 8.43 15.54 9.99
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Table 3 Results of comparmg the mean effects of

wastewater sludge application on heavy metal
concentrations in soil

Treatment Pb Ni Cd
mg/kg  mg/kg  mg/kg
SO 0.66¢ 0.38¢ 0.055°
S10 1.76° 0.78° 0.142
S20 2.842 1.18% 0.16°%
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Table 4 Analysis of variance of the effects of wastewater sludge application on plant growth and yield

average of squares (SM)

Sources of Degrees of Rootwet Rootdry Wetweight of Dry weight of Stem diameter Stem Flower diameter
changes freedom weight weight aerial parts  aerial parts Height
()] () () (©) (cm) (cm) (cm)
Repeat 2 2.78 ™ 0.001 " 35.26 " 1.32m 0.0055 " 0.52 s 0.122 s
Treatment 2 22.08 **  1.478** 218.90* 17.10* 0.063 ** 7.24 ** 0.69 **
Error 4 0.954 0.038 16.14 1.63 0.001 0.096 0.026
Coefficient of variation 10.18 14.77 9.78 19.58 4.87 1.72 2.31
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Table 5 Results of comparing the mean effects of wastewater sludge application on plant growth and yield

Root wet Rootdry  Wet weight of aerial Dry weight of aerial . Stem .
. . Stem diameter - Flower diameter
Treatment weight weight parts parts Height
(@ @) (@ @ (cm) (cm) (cm)
SO 6.67P 0.57¢ 31.77° 3.96°P 0.50°P 16.33 ¢ 650
S10 10.08 @ 1.42°b 428732 6.892 0.712 18.3° 7.152
S20 12.032 1973 48.56 2 8.69 2 0.78 2 1943 7.44 2
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Table 6 Analysis of variance of the effects of sewage sludge on plant heavy metal concentrations

average of squares (SM)

Sources of Degrees of

Pb (mg/kg) Ni (mg/kg) Cd (mg/kg)
changes freedom Aerial parts Root Aerial parts Root Aerial parts Root
Repeat 2 0.115" 0.286 " 0.064 " 0.22m 0.0005™  0.0005 "

Treatment 2 10.06 **  40.14 ** 2.01 ** 5.36 ** 0.064 **  0.158 **
Error 4 0.024 0.151 0.0048 0.043 0.0009 0.001
Coefficient of variation 6.27 6.91 5.78 8.72 12.75 7.60
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Table 7 Results of comparing the mean effects of wastewater sludge application on plant heavy metal concentrations

Pb (mg/kg) Ni (mg/kg) Cd (mg/kg)

Treatment Aerial parts Root Aerial parts Root Aerial parts Root
SO 0.69 ¢ 1.80°¢ 0.41¢ 0.99¢ 0.073°¢ 0.161°¢
S10 2.44° 5.98° 1.15° 2.51°P 0.253° 0.493°
S20 4.35° 9.093 2.042 3.652 0.364 2 0.598 2
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Table 8 Translocation factor and bioConcentration
factor for heavy metals in different treatments
Pb Ni Cd

Treatment
TF BCF TF BCF TF BCF
SO 039 2.72 0.42 291 0.45 2.99
S10 041 341 0.47 3.21 0.51 3.66
S20 048 321 0.57 3.10 0.61 3.83
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Abstract

Many ornamental plants have the ability to extract toxic metals from the soil and are able to store large
amounts of metals in their organs with no health problems for humans as they do not enter the human
food chain. This study aimed to investigate the effect of sewage sludge application on the performance of
Helianthus annuus and to investigate its phytoremediation ability for heavy metals (Pb, Ni and Cd) in
soil. This study was carried out with three levels of sewage sludge related to southern Tehran wastewater
treatment plant, including 0, 10 and 20 percent by weight of soil in three replications in a completely
randomized block design on Helianthus annuus. The results showed that the application of sewage sludge
caused a significant increase in the concentration of heavy metals and wet and dry yield of different parts
of the flower in the plant. Application of sewage sludge at 20 percent by weight of soil was more suitable
for growth index and accumulation of heavy metals in plant in terms of growth index such as wet weight
(root 12.03 g and shoot 48.56 g), dry weight (root 1.97 g and shoot 8.69 g), stem diameter (0.78 cm), stem
height (19.4 cm) and flower diameter (7.44 cm) as well as concentration of heavy metals Pb (root and
shoot 9.09 and 4.35 mg/kg respectively), Ni (root and shoot 3.65 and 2.04 mg/kg respectively) and Cd
(root and shoot 0.598 and 0.364 mg/kg respectively). Due to root bioaccumulation factor above 1 and
transfer factor less than 1, Helianthus annuus is a plant suitable for the uptake and transfer of heavy
metals, which prevents the entry of heavy metals into the shoot parts by a plant stabilization mechanism.

Keywords: Bioaccumulation Factor; Heavy Metals; Helianthus annuus; Phytoremediation; Translocation
Factor.
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