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EXTENDED ABSTRACT

Introduction: urban sewage sludge contains significant amounts of essential elements for plant
growth, which can be optimally used in the agricultural process. However, the presence of
heavy elements is one of the main limitations of the direct use of this substance in agricultural
lands. Therefore, the general purpose of this study is to investigate the role of using organic
modifiers (rice straw and branches from citrus pruning) in urban sewage sludge and converting
them into compost and biochar in reducing the amount of heavy elements, and also the partial
purpose of this study is to compare the effect of compost and biochar on reducing the amount
of heavy elements.

Material and Methods: This study was conducted in two separate designs in the form of a
randomized complete block with 9 treatments and 3 replications. The first plan included the
production of compost using the combination of urban sewage sludge with rice straw and citrus
branches with different ratios (1:1, 3:1, 5:1, and 7:1) and the second plan included the
production of biochar using compost obtained from the first design with rice straw and citrus
branches with different ratios (1:1, 3:1, 5:1, and 7:1). Then, the amount of total lead, nickel and
cadmium (digestion with nitric acid and perchloric acid) and available (extraction with DTPA)
were measured in biochar and sewage sludge compost samples.

Results and Discussion: Based on the results, the treatment of compost obtained from the
combination of sewage sludge + rice straw in the ratio (1:1) reduced the amount of lead and
total cadmium by 37.12 and 69.29%, respectively, compared to the control (sewage sludge).
This reduction in the amount of lead and cadmium in the mentioned treatment is due to the high
amount of rice straw compared to other treatments of rice straw and the greater degradability
of rice straw compared to the citrus branch. The amount of available nickel in the treatments of
compost + rice straw (1:1), compost + citrus branch (1:1), and (1:3) decreased by 46.12, 48.71,
and 25.03%, respectively, compared to the control (sewage sludge). Also, the amount of
available cadmium in compost treatments with rice straw (1:1), citrus branch (1:1), and (1:3)
decreased by 43.97%, 33.18%, and 47.44%, respectively, compared to the control. Biochar had
a significant effect on the amount of total lead and cadmium, so that the lowest amount of total
lead and cadmium was observed in biochar + rice straw with a ratio of 1:1 and the amount of
total lead and cadmium in this treatment decreased by 46.99 and 25.26%, respectively,
compared to the control. Production of biochar from sewage sludge compost increased the
amount of total lead and cadmium. However, the conversion of sewage sludge compost into
biochar caused a significant decrease in the amount of available lead, nickel, and cadmium.
Rice straw and citrus branches in biochar had no significant effect on available nickel.

Conclusion: The production of compost and biochar from sewage sludge had a significant
effect on the total and available heavy elements in the sludge. Therefore, in order to reduce the
availability of lead, nickel, and cadmium, using the biochar method is preferable to compost
and is prioritized. If the production of biochar is not cost-effective, the plant compounds of rice
straw and citrus branches can be used in the production of sewage sludge compost, which has
a significant effect on the immobilization of available heavy elements. Sewage sludge compost
with rice straw by a ratio of 1:1, which has the lowest amount of pollution and the lowest cost
for production, was recommended as the optimal treatment.

Keywords: Biochar, Compost, Sewage sludge, Heavy elements

* Corresponding Author Email Address: bahmanyar@sanru.ac.ir

DOI: 10.48308/envs.2024.1380

ConDod

Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2024.1380
http://orcid.org/0000-0001-8804-8479

YOAA-FAYY :LLS

SMSB (2 p9a0dlS 9 JS e oo 3f500 32 (I SlsS 5 00,15 556
(Gyw 66 aial OMSL (2 169 )90 axdllan) (5 e

¥ S 50 ¢ il Hl B g ! soloe shlaan v (P jlongs e dozo

VEY XYY (F): OAD-F+Y ( Jumo pole

siengs Alia

VEYNYIY . il o fu s
VEYYNA 3 0ds Gl

b g0 00>

S5l so ol Al sl 55952 polis 5l (425 BB polie (sol> Al Jdw 508 SIS ol i b g Al
ool Lol slacusgame | (K olic dgzg Lol ol (g5,0las 0T 8 0 (glaigy oolauwl collB o
0aiS Mol 0I5 18 oy Jolds caslllae cpl (S Bua 1V ail oo (55,0L8S sl 0 00bs ()l paiins
5 g @ ol Jiad s 6505 SO ol 55 (DS e o 5l Jolo a3 Ll 5 @ IS 5 o) ]
CvgeaS 53U Al (o p caalllas (pl (52 Bap (aizmed g 039 (S polie e 0S50 (S S5
el 039 (3 Kins yolie liee A8 2 (S S5 5

Jbe 59 LS5 a gl L (Solar Jal5 S'sh B 53 Tme 5k 93 &gt aslllas cnl oy g Olge
5@ O 9 o5 b et AL 2 oSl eslainl b CewgraS adgi Jol Sl 25k ok plost 1)
b sis JU5 o5 Jolis poo b rizman 5 (VY 5 10 N 13)) Gl slacaens b LS o a3La
lits slacand b OlS o a3 li 5 @i GHS 5 o5 L Jgl 25k Sl ol OB ol s 5l oslial
(SIS 5 el 5 S0 s Sl b il (295) S pomedlS g S5 e (l5ae o 092 (VY 9 1:0 1T 002))

2 (5 S0l OB (y2d CegeaS 5 (s JU slaaisges ;5 DTPAL (65 o las) iz b 5

e (1)) a4 50 GHIS 5 oSH NS (520 5 5] ol g s s ol 1y 3 i
SealS cplols rals (OB o) aalls 4y Cand 3o )0 PAIYA g YV Y o3lailas s gy ) IS pgeslS 5 oy
s zp o5 sajled plu a Cond zpn o8 YL Jlade Jds a4 SUI 398 Lo )0 pouedlS 5 oy Jlade jo
T ol + ComgeeS slajlos 10 3 JB USS i Candl LS 0 3Ly &) S g oS o Syt 28
Aall 4y s 2o )0 YO/ Y FAVY OFPNY o3lail 4y cos 5 4 (V1) 5 (V1)) LS o a5l s + ConvgaS o(V:))
) @y o5 olpod & CemgeaS Slajlons ;5 QI BB poadls (lies izren (8L alS (CASL ()
(Ol ) ks &) Cars duoys FVIFE 5 PYNA FYAY o5l s o 4 (V) 5 (1)) LS po 5L oo
9 2 Olee 2S4S y9b Aile (5l gime ;3U JS penadl g g i 2 () 85 2L hals
@k ol 30 S pgesls g o Gliee 9 0D 00 1) Cend b i oS+ () JIE5 digad 10 S pomedls
oo BB (o CangeaS 3l sty I e el (ralS wald 4 Cans as ) YOITE o F/199 ol o5
sl 20 3 S IS 5 6 st IS o Lo, | oS Ll o S pynadlS 5 s (e 214
p55lS 5 US55 ey Jao o Joine S s s JIE5 2 A () Camgea o Ll 55

il Sia BB USG5 loicime b e J5 sladiges 10 SLS e a3l g g ol5 ol Gix LB

S9ga iz b 5 JS e yolie » (sl gime Sl G 2 I (s JIE 5 CunngeaS 4 25 o5 Al
it JI5 iy ) ool s5elS 3 S o s ks 2815 slinty ool o] 5213 2
Ol o 2l “5{‘4“305}&" oy J85 05 a5 (55050 95 o0 418 Caglsl 10 5 005 e CewgpeS 4 o
2 G ;5L aS 55 colatul OB o CansieS g 10 DLS o asli s gz oS alS LS 5l
b gy OIS 5 ol olyam 4y OMEB () CagraS o WIS i BB S polie (g jlacS e
00,5 (B yme die o lyin 4 LB |y 055 (sl anpe n S ml 5 (SWRYT line (565 45 (10) o

O yolie (BB o (angaS (s Jle ) rgoalS delg

* Corresponding Author Email Address: bahmanyar@sanru.ac.ir
DOI: 10.48308/envs.2024.1380

SE kigo 5 p3ke 03,57
sle olSiils (el pole 0aCiils
ws)lo b plio g 5y 5laS
ol syl

oSy (S /Oj.lc o})fr
ko Sy ol g5, 9L

ool

wEp ltagy i lio ol o Oliw/
3 bl )6 o cgolos o
.)l,,.)b’),.;‘é‘.) L e

5 IS v Glieo g I ST
s S 2 pgedls”
Ldai’ «4_:)/.‘4'/3'0;,;/:5.))}.4 ae/llas)
‘;E‘;u /A}lc dolilas .(L;)L.g PHES
S T=OAD (F)FY

@ @ Copyright: © 2024 by the authors. Submitted for possible open access publication under the terms and conditions of

the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2024.1380
http://orcid.org/0000-0001-8804-8479

OHe g jlioge

J.J}.v ) U—l )| oolarw! .ol k5ﬂ 0‘9.0 9 )M ‘0)5)....4
w25 5l ey 5w SalS ) Had 5 3s 50
(Casado-Vela et al., 2006) oS (5,5 el> 1 (s
‘) )i.o 6&.:.4 J..ol.& )‘ 6‘4&349:4 ..\J‘B_"Sa ‘U”‘ » 05)19
il ) S aie slapanslE ] 5 WS adlsl S«
sy dgue ) S (Sjelom 9 (Sepd ol e
» ogdle (Filipovic et al., 2020; Major et al., 2020)
ez sl U5 o 169, o (o s Sl ()
Sie U il ugeeS S0 plalS g
sy Jley 4 ML > bows (Amiretal., 2005)
L5 s a5 el by o e 5o el 0S5 g, SO
Sl3ls Ll S8 o 00T 5l St 9 o0l (sdde yolic
S C)Lol .(Liuetal., 2014) A8 o Joe e u_,.i.\....;
balaSe g)lnl oo Sl peizren (ewy JUE5 L
Sydee S g olls JBa alS Jlopne e 5 SE
ey J5 adg e (Razzaghi et al., 2020)
9 S 5 cwm i lp p3 Gl slags 5l 5l (S
Zhao et al., 2021; Qian et al., ) cwl s oL5L
(s JE3) Syl 51,0 apes o Jlcpll (2019
SNSB ad baolie jo aoyo ¥ lie 4 (g5, 5 S8
WSS e S e sladisS 5 lalS (sl o 9 59,
(Mendez etal., cosloads sonlice oy g pgrodlS (59,

2012)
3925 BB = 5l eolaul Lol sl SIS 5 SO
Ogu> ¢ o srbj; ‘ﬁ}:.m)ls 41,09)‘ (O O}.QJ[A )aaL.C-
Sibos goa SB o lej Jsb o oS Sl (59, 5 2
sl 3,k 3l ass,e (Torri and Lavado, 2008)

Liu and ) wed oo 2138 0,00 o)1y o)bgs LS o

Aoddo
L dhai glaanlp of Jpame OB (2
2 Olez 5o eadiades OB 2 Gl g el (65000
axrwgs (Durdevic et al,, 2020) ceol Lilidl J
Colo 4 e e (o1 (2l53 5 golail
odds ez jwliw 0 OB wlbasar golj olaw
—o P ML (2 ok Sl polie ol g ool
L) SMSL ol (5 gele B o 51 Gt (Sl lginy aisS
5 o5bin Sy er > Jloys (hoys A Slsiome
FVV0 Jlo U a¥lo adgs opl a5 05 0 085 (yaes
gyl ;o (Rao et al., 2019) sq, 515 5 youdeo #-
YoYe BYeod Jlo sl oadode Mol oad Sl
Sl @Bl Wl S e ek VT 4
waie SYLI o .(Wojcik and Stachowicz, 2019)
Mol o S oy 5 audkee £IO 51 Liw AVl
o2 @88 s ys (Zhen et al, 2017) o5 oo oo

Sz ol o o) S K 4 oSSl
» 05)1.: uﬁ)f odsol ‘) QT u‘ﬁ‘gs“‘ aS Sl oJ.M:JJ.,\.u
Sl ol g BB polie g5l OB 2 (ol
145 ol s s g 5 (S 515

S 5,9eS e ol Slheslitul 5 O (2 b
.(Antonkiewicz etal., 2020) cea Slo> mieo E5S50
sl ailsaias 5o il nl 5l 6 ke (ds o 4
Sk (g oS sla gty JUSo a Ls jo g4
Ba L 1) oMol oz 5l 65,5LeS solitul Sl a5
b oS polie puils; Jlas g i le Jolge
o> Jl 50 (Mininni et al.,, 2015) ales ool )8
JE5 0dg 5 ilecmmgeS aiile gla ool laseiils
Yue et al., 2017; Gutierrez wilos )5 slpiin 1) s

(et al., 2017)
@ S (9005 shlie ghls OALAL (2 CangeS

5 e Jleglsin canl 2 s slags3ilyal b

VEY e oF o )lod TY 058 o ams psle aalilad

DAY



S e BB 2 pgreslS g S coym e p (I LS 5 0 )5 50

O S b Sl g (s S LS e a5l
W CIN B 28,5 &5 56T 5 (510 paiged 5955 4
09

5@ O 5 olS olye 4y SB[ 5l 25k sl 5o
ol a5 as ooliiw] CawgaaS angs (5l OLS o aslis o
el 00 LI Y Jgam 50 Jles &

CliageS 5l gl CavgeS a0 5l am anlol o
Naber ) S xSUlo s (g0 a0 YO+ glos jo alol>
oS L 5aST 8929 pae L)l cow (therm
@ a5 CevgeS Sbaslec o 4 (s JB Ogoore
ST Jgaz 5o lesd & 50 Wl had ey J&5
Lewloas

Sl b mad (9)) JS poesls s S5 e p s s
L snS ojlae) Qax bl o (SIS p sl 5 So s
) CasgeS 5 s JE slodises > (OTPA
A (g S ojlal el Gaz olKiws l eolaul b oS
BL) aiges o501 S (S yolie s pFoslul sl
sloo o celn S o a4 (V1)) S s sl i L
Sl i (Lo YO amy g o0ls &)l > o 5 il ax 0 A
VIO Sow 4y delol ;o g00938! (Ao )0 YE-V ) G0 ,05 5,
EURIPR CRGI JES [ g3 WO ESN - PRI R
Caloads Blo 31 50 g eaile, yid Lo YO o> 4
Vo) cond sl ol BB oS pobie (s sl
Lindsay and ) o oolaiwl DTPA o lac g ladiges

.(Norvell, Baker 1982

9 SAS Ll58ls 5 5 soliiwl b laools (g ,lel Judoxsgas o0
Blo > g0l 5l eoliiwl L nosls puSles dunlio
Ao, gy Jlisl mhaw )0 (LSD) o omime &gl
oo 5 anST 15810 5 51 oolazwl b o IS 4 oalsplol
IS5 e oo aslie sl (o lel Judowiga jo ol
O CengeeS sladiges 3 Lax LB g S5 peresls
Pl T gasl 5l oslinl b (wm JUE5 5 (50 DL

1978; and Amacher,

ol avar 5l Jol> o2 &8s (Guo, 2019
o s Wl ol OSL abasar So by,
Bbasal S glasie 5l Gleoes Coond (iou
o b)Sal; @l 1 5,5 ep jo 1, OB
sbalbasa o 5l Gollas colaiul Cya o pow
oy cpl 5l eolatwl sl (6,90 (50l (6 0 S
clale bl 5 009 (gdan olge (g5l aS 50,0
W 0 oyt 5 Bieil (i Slil s laoan,Y
Sl &y Gl (65,0LaS (slape jo wanil o laibi]
oaSENal 5l (Fp 039581 &5 sy o0 Sl 4 i
oo 3l Jel> Glaaslin g gwp A5 g o5 ks
JE3 b 5 Congen 4 Jpass 5 LSS 20 & LS 5o
5 J5 e pelie le U cose ()
Lol cadlias oyl IS Gan ) as selys i L
s @n OHS 5 o) T eniSEMol ) (58 (o) 2
St ML (2 50 (DS o oy 5l Jol> 4l
Olies G250 sy J5 5 CogeaS & lap)T s s
s cpl Sy Ban ued g 00g S yolic
Gl (Fms JE g CangeeS U amlie om)p

Lol 039y 1K yolie e

g, 9 3190
L e (ol JulS Sl o 59 oty g (o
poke oBuils o VEY Lo o 1SS aw g Jles &
Gebod (pl 5o 0l plnil (gl (cando mlie 5 (55 5liS
Al oolaiwl (g le el albaaar OB pl> o
sohiteds .l ool V Jgaz o ol Glaseine 5l S0 aS
Sl el byl ol 4y SST g S50 (65l CawgeaS
5@;)40’:,.159&5)'1 ‘u)'{aébu?dwy.osuy
0diiS ez Joloe o OlS e 4l w
50 00,8 oolanul (ddlaie [0 ags bB) 48,0409 80
@Wldaaai pl jo cadiader BB > coa s b))

gy oS b 0,5 belxe jlam ole il Sow b o

YFeY 50l oF o)led YV 0,90 ¢ oo pole dolilad

OAA



OHe g jlioge

OB o adgl digai )d (SUis 00l 0,5l 2 0,5 (o) i JB g S5 (S polie jladio =) Jguar
Table 1. Amount of total and available heavy elements (mg kg™) in sewage sludge prototype

@i J (2w polie 5 oS polie
Available heavy elements Total heavy elements
Pb Cd Ni Pb Cd Ni
5.25 0.72 8.05 64 5.35 44.75
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Table 2. Treatments from sewage sludge compost
(eausS el slge 3l ooliiwl (ygay (DS =) ol
(blank) Control (sewage sludge, without using modifiers)
SeaSy o b g GRS 5 o5 9 ML (2
R 1D Sewage sludge and rice straw with a ratio of 1 to 1
Vol cwn by IS 5ol g AL o
R 1:3) Sewage sludge and rice straw with a ratio of 3 to 1
Vbl bign S g ol5 5 AL (2
(R 1:5) Sewage sludge and rice straw with a ratio of 5 to 1
VoV conibgn S gol5 5 Ao o2
RL7) Sewage sludge and rice straw with a ratio of 7 to 1
V) o b LS o a5l s g SO 2
€Ly Sewage sludge and citrus branches with a ratio of 1 to 1
VT i b LS o a5l s 5 LSl 2
€13 Sewage sludge and citrus branches with a ratio of 3 to 1
VD e b LS o a5l s g Sl 2
€15 Sewage sludge and citrus branches with a ratio of 5 to 1
VY e b LS o a5l s g Sl 2
€1 Sewage sludge and citrus branches with a ratio of 7 to 1
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Table 3. Treatments from composted biochar
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S S b SIS 505 5 Sy J15
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VoV couibigy Gl g olS 5 (s Jé
(BR1:3) Biochar and rice straw with a ratio of 3 to 1
Vb e bmn NS 9ol g g Jis
(BR1:5) Biochar and rice straw with a ratio of 5 to 1
VaV Cowibgn S 505 5 (s JU5
(BRL7) Biochar and rice straw with a ratio of 7 to 1
V) s b olS e 4l e g (i S5
(BC1L1) biochar and citrus branches with a ratio of 1 to 1
VOl Ces b olS e el m g S JI5
(BC13) biochar and citrus branches with a ratio of 3 to 1
Veard Coni b olS e el s s JU5
(BC1:5) biochar and citrus branches with a ratio of 5 to 1
V¥ s b olS e 4l e g (e JI5
(BC L7 biochar and citrus branches with a ratio of 7 to 1
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Table 4. Variance analysis (mean square) of total lead (Pb), nickel (Ni), and cadmium (Cd) in compost produced from sewage sludge

and organic compounds

Ol i 2alio oI5l 4z y0 o IS pyodls
S.0Vv DF Pb Ni Cd
Sk 2 17.81"™ 149.14 ™ 3.92"m
Block
Ao 8 141.31%* 61.21™ 3.76 ™
Treatment

doy S by gl s &)1 (S pasins
**: significant difference at 1% ns: No significant difference

9 OB (2 5l ool w9l CuwgueS 53 (SCiS 00lo 0,59l 1 0,5 (o) S porodlS 9 JSTo oy (piilne s lilo -0 Jgux
ST otes s

Table 5. Mean comparison of total lead (Pb), nickel (Ni), and cadmium (Cd) (mg kg-1) in compost produced from sewage sludge and
organic compounds

B ] S5 pgmodls
Treatment Pb Ni Cd
rice 1:1 38.67¢ 28.13% 152°
rice 1:3 50.17 39.22% 2.93®
rice 1:5 49bc 41.75° 2.77%®
ricel:7 51.5% 31.58° 3.48®
citrus 1:1 47.83° 35.972 3.75%®
citrus 1:3 59.67 2 41.75° 19%®
citrus 1:5 55.33 ® 35.7¢ 18%®
citrus 1:7 55 36.62 2.05%®
Blank 6152 39.42¢2 4952

asb s LSD Qy.)'] bl as )0 0 Jlozs| o jo ‘_g)L,{! S0 sire Dglay ABB eiw ;B 40 S piine Bgy lls polie
*Values in each column followed by similar letters are not significantly different at 5% probability level, using LSD Test
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Table 6. Variance analysis (mean squar) of available lead (Pb), nickel (Ni), and cadmium (Cd) in compost produced from sewage

sludge and organic compounds

Ol i 2alio @ol3l azy0 oy IS pgodls
S.0Vv DF Pb Ni Cd
Sk 2 0.249 ™ 0.099 ™ 0.017 ™
Block
et 8 6.57 * 7.101 ** 0.038*
Treatment
Ao, S mhw o g)ls (e i Qo0 iy whw j8 (gl e &) S pasins
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Fig. 1- Mean comparison of available nickel (Ni) (mg Kg ') in compost obtained from sewage sludge
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Figure 3. Mean comparison of available Lead (Pb) (mg Kg') in compost of sewage sludge
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Table 7. Variance analysis (mean square) of total lead (Pb), nickel (Ni), and cadmium (Cd) in biochar produced from sewage sludge compost
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Table 8. Mean comparison of total lead, nickel, and cadmium (mg kg') in biochar obtained from compost
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Treatment Pb Ni Cd
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citrus 1:5 82.83° 59.70° 7.62°2
citrus 1:7 90.33 % 66.87 7.18 ¢
blank 942 51.45° 7.60 %
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*Values in each column followed by similar letters are not significantly different at 5% probability level, using LSD Test
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Table 9. Variance analysis (mean square) of available lead (Pb), nickel (Ni), and cadmium (Cd) in biochar produced from municipal

sewage sludge compost
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Fig. 4- Mean comparison of available Lead (Pb) (mg Kg ) in biochar obtained from compost
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Table 10. investigation of the differences in total and available lead (Pb), nickel (Ni), and cadmium (Cd) values in compost and
biochar samples
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Sl and biochar (total) (available)
Treatment
@ S5 pamodls o 5= pgmodls
Pb Ni Cd Pb Ni Cd
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