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Abstract

Background and Objective: Phytoremediation is a low-cost and environmentally-friendly technology.
The aim of this study was to determine the efficiency of tomato and cotton plants in stabilizing urban
sewage sludge with an emphasis on organic carbon, lead and cadmium removal.

Material and Methodology: In this experimental study on pilot scale, in order to achieve the research
objectives, we planted Tomato and Cotton plants in a condensed sludge bed. Also, a non-plant bed was
considered as control bed. The performance of the phytoremediation was measured by the changes of
organic carbon, pH, electrical conductivity and heavy metals of lead and cadmium during 120 days.
Findings: Results of statistical analysis showed that after 120 days, the removal efficiency of organic
carbon, lead and cadmium in Tomato were 35 * 0.4%, 74.29 + 0.3% and 91.42% respectively and in
Cotton were 38 + 3.7%, 54.93 = 3.2% and 93.2+ 0.3% respectively. The difference in mean efficiency
in Tomato and Cotton was not significant until 30 days (p>0.05). Moreover, the results of this study
showed that the concentration of organic carbon, cadmium and lead in sludge treated with Tomato and
Cotton plants was significantly lower than that of control treatment sludge.

Discussion and Conclusions: The results showed that the noted plants have a high ability to stabilize
urban sewage sludge and eliminate organic carbon, lead and cadmium. Therefore, this method can be
used as an option to stabilize sewage sludge and reduce its organic and inorganic pollutants on a large
scale.

Key words: Sludge stabilization, Tomato, Cotton, Lead, Cadmium, Organic carbon.
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Table 1. Characteristics of Kermanshah sewage sludge
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Figure 2. Cotton plant in growth stage
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Figure 1. Tomato plant in growth stage

1- Walkley—Black method



"y e @ YLoLS 5l oolaiwl b (g s SO (oot Canls i (0l axdllae

wied 30,5 4 lie (0<0.05) «/+ 0 (5 lobns o
walbize slagle; (b iz sl i s 3 Shos ann3lde iz
sl o3Il b bl 5d6T cygesl 51 59, VY B Y 5l oas
cq Excel 2016 1380 5 5l iomen o eoliin | 5,55

0,5 ool b loged
e S 9, p s pSejlul sl e le ) S sl S0l
S b il s i oaalin sl et s
slagsb | wilon oo s Sojlail cal Jelod 9 (o) 0 @0
53] 42l s Sl b ) el s S (6 S 0jls]
09,5 S dunlie sl a5 gl (l b eall o (755 Anmlie
dgliie 3)50 Condg Wiz b 9 )3 09,8 Sy iand 93 3
S92 Ok 2 Gy sla pSejlul a5 (289 0555 oo 18
dngliio 5 (o 2 (8l 0055 (o0 Pl 0550 S b (S3505 S
09931 51 sl S0l Ll iz ol e osls :Sile

D oolaiwl ), Se sbas S ojlail iyl Judoo

b aidl
S8 elS s 5 ey Card gy aald iy asdlae opl o
(500 Oloy Jsb yo vl jiy ol )l jslaieds ol ools
5w I oS I (S sl PHls sl
D9 Sl n Gllas (93 Jgu2) ad (2l pgredls
b3S 5l poredlS g oy o I 08 S peolie ab S
V) g 0K [OY YFEYE 4 cig s 50, VYo oo
P>4140) 395 Joline ualS cpl 45 aiz e cdl sl
Soliee Glej Jobo 50 55 (S0 xS colan 5 PH e oo
Felly 90 cpl polie jo gim Olyass sl 84S, jglay 095
90 Jsaz 51 a5 AgSplen (P>4140) muog aleorisS, 53
DSIM (50 0 o2 Syl g o i 0y g0

W28l s /Y e 4 55 PH 5 05 /88

o Niloy Bl 0g> Jl 4 el ol Do 4y g 050
Sy 3l dmy g 0050 4l | jlaie T 1 e ol 5 g0
Slilss pgeigel 5,8 L 5 ABldl (s milidgsfo)kd oo (yad
e 905 ) gawl S Sl & S5 ) gl S5
5> Sy poigal (BLol o)k wiz L af 0l 05

OA) aylise 59 508 Sy 4 5ilSesl &gl

Fogidy S | b o (i glp 02 o)la & ad

ol @i
o 909903 (g oladd o sl o2 Wsel jle)S )
oS Jie (et ez b pladlg) 4 ot 3 5
Sl (o e ¥ g 50 4y ladiged ot polaie 4y s
el YF Cao g b ol soloojlal gadls | alde Sy
0551 Ol oo o ¥ T & s cailey 8L T sleo
Losylo op 0 a0 VO -Vr Cow a4 g o0 a8l sl Lade
O Blads 3l o o eolo &yl a0 40 v Ol >
gond gile Blo Jslme ilo 3l 5l asline | L dadiges
b lediges .o 0duwilisy (w oo ¥ o 4y i Ol b Gusns
iy sles 5o 5 Al 9,8 4o Sliylogl ol o
b baiged S Sll8 Coles 10 9 (V1) Way0,5 (5l
Shimadzu, AA-) | Cd> regidy xSl 5l esli ol

2,5 i (7000, Japan

Syl Sl 4y 525
G Olee sotales] 5 ol @lis Jolow @y 25 ez
ol el il slagle; ;o (K58 axs8 5 4y lalS
31 bools o Jloyi (o 50 sl 0 aw bxo (59, VY- -Y)
Ao gz 0l oolaiwl Bgi el — 35,5 505 Qjﬁ}]
So o (K arss g ah GllS (oYL oS S

sot-test o bl ooyl gy vals s b ailSlos ok



RUL ST ISTITY

VFF obewol #R 0 lods o 3 bauzxo 9 3Ll

"Wy

(Sl £ )lmo Sl pil) anlls Hlas' 50 6 4 S 2 Blooguas Y Jgur

Table 2. Characteristics of urban sewage sludge in the control treatment (mean + standard deviation)
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Table 3. Investigating changes in physico-chemical parameters of urban sewage sludge in the treatment of cotton

and tomato
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Table 4. Organic carbon changes (standard deviation + mean) in sludge during phytoremediation with tomato
and cotton treatments
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Figure 3. Efficiency (non-cumulative) of tomato (right) and cotton (left) treatments in removing organic carbon
from municipal sewage sludge during different sampling periods
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Table 5. Investigating the effectiveness of cotton and tomato plants (mean + standard deviation) in removing
heavy metals from urban sewage sludge

ESPLEESY dy (obe)
pyols O g Pyl & g 39)
~ ~ ~ C ~ C
; C ; C
- 3 3 . 3 ° 3 &
< < = & = &
& : & a f ] . & f
- 3 - —~ x 2 —~ st
C‘ " ~ C‘ ~
cs— & IR & %- %'— : & (i'— :
g‘ g‘ g_ \f.: : g& \f. ‘
s (o [ N - N
- \FARESIAR - O/faF £ oYY - AAREVAR - O/fag Yy \
YEXO £ N | VYYELN] | FIY & Y BIYSO £ +/F | YYF VY | V/FYEe/oq | YY £33 [ OF\Y £ 5 | V0
fY/o £ )Y VIYESIYY 4+ ./f =Ry 4 YVIY £/ AR RV VY O+ £ )Y \

OY/IO £ -/Y | -/a8%./-0 VWA TN f/0Ne £ -/ fe2VY VIYeE[-¥ | AVIY X0 | FOFY £ )Y o

PENE /0 | cIVEEN | YYNRE VY fIYve £ <Y OFIY £V | /AN | YOINE /Y | NV £ )F 7o

Yo -/f <jovYE-/-f ARTAR=-RVIN YIVEY £ - )Y FAF RN | o/pOE Y | YVISAZ T | Y/FYRE £ A Yo

AYIO £ <Y | </¥PEe/oY | £VSY £ -)F YAY £ +/0 YOIf £YIY | «/0VEe[ep | FONPEYN | V).V £ Q-

ANIY £ <J8 | <JYYE-/e2 | POISA £ oY VIANAY £ < /0F | AZIE 2 NE | </YAE.[-0 | OFEY EYY | Y/FAF £ /0 ARIA

AVY E Q| NAEY | YVEIYA L LY VIFAY £ -/PY AYIY £ Y | cNOEe/F | OYAY XYY | Y/FVY £ .7 \Y-

sl 585 50 0an¥T cbale b )l s diges calizee slo jloj ;0 oan¥T clale avslin b Y oLE lowil s

—o—Cd Pb —o—Cd Pb
?; 60 ~ 60
40 3
? 20 A % ig A/"'“\‘
PP i gugngss 1 UL o
—
595 «Slo 2 dged (e 395 <Ol

3 S O3Ls B> )3 (G o) Ay g (Conwly Cuow) (53 4265 Hlord (VL olS ((ore' juf) (2IHU-F JSo

S0 32 Aiged aliso gld 0,90 (b (6 b SHSL (2]
Figure 4. Efficiency (non-cumulative) of the phytoremediation of tomato (right) and cotton (left) treatments in
removing heavy metals from urban sewage sludge during different sampling periods
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Figure 5. Phytoremediation performance of tomato (right) and cotton (left) treatment in urban sewage sludge
stabilization
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Figure 6. Comparing the performance of cotton and tomato plants in removing organic carbon from urban
sewage sludge
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Figure 7. Efficiency of cotton and tomato plants in removing lead from municipal sewage sludge
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Figure 8. Efficiency of cotton and tomato plants in removing cadmium from municipal sewage sludge
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