[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil

VWAL VYD Olrio VFeY Loy e Jsl o )lods « ok 050

(@

&

d.f.hj}_ag Jle

Available online: https://ijhe.tums.ac.ir

£

¥

vewell gy
4
,
(Agn)

S,
0, O
" of Enyiron®™®

Ollgan | (E (6 e OB (2 (53lep o old LS 1 (S32 6ileR wial B 236y

Yu;x.al o|5:.>.)uw ngolo).e,a )..aL; ‘*‘YL.;..\.:.:&..\::.? = La,a)Lc ‘\ob\)‘fa.a ‘sl.t.wl..c

U‘)"' gLa.l:> ‘U‘)’ef’ Olia-v."o ‘U"‘)‘ ‘_SLLQJI LJ’“J J“.’.d)" Lw».l) Ja_ou ‘sw«.\.a.e‘.d 65;‘\
U‘)"‘ ‘U‘)’ef ‘U‘)’ef oKisls ‘CMAA.’) .Ia.\m suSiisls ‘““"“‘.’.) .Ia_-&m ‘sw«.\.‘.e‘.d 09; -y

N

] r‘*ml—’ L3l o (lsl JSie S5 5 9z 059805 (35 0 YL o lald 180 9 4o
Slwll joe ials 5 ol o Sloe o PLdl el oS culoladg w5l e Slasly s5lsa
Js 4B H)S (508 cur (Sujslon 5 ol 1 (oS5d sl b 5l eslil o oo
Ol () S (S Sl aal b el dgace (65181 0 ke YL A e g ol Sl )
‘ sl B gl i (21355585 51
IS ,L 5 5b aalsl j3 o s Gl aha o Slase i lal dalllas oyl j0 1 oy 33 (99
el Gy (g5lsm (o ple (IS 5 55 s st Sl s (Ve mg/L g Yer) olady
ool g et 850 HS als , OVENL/day o /AL O/ F) S caolsa ;36 s
o st bl 5o Linles o8 5 1,5 b)) 0,90 PH 5 ORP el 5lasyl)p IS ol
0 et 850 CO, g CH, as o 5 555

il gl gire glas aalis aiges g Ve e ME/L 5135 )L 1o oy 550 ez lpaidly
Qges ;0 s HS o, vavamL g FV ¥ ay g 2alS Ve 500 - mg/L 5,la8 L o o Ss
5B ot agm 9o, 0 VA LY/ oo /FF /Y0 s g an Ve mE/L g 00+ (Yo v () li5,L g ol
JE 1N e an s HUS Jlaae VW NL/day )/« F /AL 5,5 L S5 oolsn
G-YAY 050> .0 ORP 5 VIT G VIV o5l yo jo ST pH ol 85 o000 /)
adss Silos o 61 sixe sl ANOVA ()Ll aslis (ulwl pp.ccils ,ois-¥4) mV
Er b omolen o Sy s sgg V- F NL/day 5 JAA &5 L aolen 3T coss j8 g asilys,
0l g adg alS a4y ;e VY'Y NL/day

Jedo V- FNL/day ¢ 5 Ly 5z o0olse Gimgly ol (sl aidly ol 1§ i a2
St olie gl A iS s 0 et S8l Glse imen s HLS B s coulie (IS
ol Dy 5l (28 5 o BB o 5l 2l 985

-4l Fo ol =M bl
VEY /e AVY el o &b
VE.Y/NY/44 tomlpg b
VFY/NF i pdy b
VE-¥ /YY) syl &b

G s (5 a1 gu—dS Qb:j‘g
Sl F3> s3l9n

1 s © A (55139 35 oy
ghhendi@ut.ac.ir

Please cite this article as: Moserzadeh AA, Nabi Bidhendi Gh, Mehrdadi N, Amiri MJ. Investigating the effect of micro aerobic process on the
efficiency of anaerobic digester of sulfate-rich municipal sewage sludge. Iranian Journal of Health and Environment. 2024;17(1):125-38.

Copyright © 2024 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@@@ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

bylys jo Sladgw ccal s 1) Olagwed Coow & Si>
s B pan dinjls 9 05d oo Sl Al gus 00iUS Sgdne
ISigay o lioecaS oty n oL
Sedlgs oS ST sl o s (SojeJs
WDgd oo s9ame (Sulfur-oxidizing bacteria (SOB))
Ole ooy Slddguw 59,565 LSis (V) cunl el (l)lo
IO cg,y955 Ll 10,8 S ead ad e eS| e b
4 deilges (ygaslanST (610 8 5o y2 sl 4y (iS5
) (Yadoleo) Cl LS 3590 (s pais 3,565

2HS™ + 0, — 2S° + 20H~ )
2HS™ + 40, - 250,%” + 2H* ()
2HS™ + 20, - S,0%75 + H,0 )

el golazdl g ool colozel BB g, S5 oilsn il
wile Jlaisl colee S eLls gy ol ol ol b
olys (S5 L Jolone limtgms (557 pemlienS]
5 Polanco .(\Y V) ceul gyaic 055 L s dy o
Ol 0gazs polie 3l eolazwl b (V- -9 Jl) o),
oo I HLS Gis as s 23 plewily a5 wzily o s
LI o (5,5 4 el i LB 20 s o sl
OF) 05 o Laa> 0--0- - mg/m’ ssgame o |, st
s BB lbeail, 4 (V) L) ol Kes  Diaz
ke 1) alls 5eST g Tea 5l eslanal L HLS i
s aS ol las anlllas ol gl ol Caws (2Kisles]
LS g dlgn 335 alads 5| s ¢ 552 s5l90 Ll 25
Sl el lg Se 0y (rizmen 5 (B Si5 0 5 02)
gox Joe 5 55551 Vb Cad 50 87 pgilgn casiSLo]

ahais (5w cmbol (nl 00) Wb oo pezs 5 5!

\Y#

S &lem anld 5b )y

doddo

sl ol () S sl (reg ssb 4 Sler (2 i
e 85 55 oo )18 eolainl 3 50 Jld 2 slaaul 3
A8 510 09d (oo s pb 4 5350 51 (2 5 adg
o=l & ls— (0 Sle2 (o sl ols Wy S
G 9 beyS plojomado 5 Mg )0 55
sl &> (combined heat and power (CHP))
ol (nlply 0,8 o )lal s apsar 5L 50 55,0 5l (o2
el golatdl Jolas W)l 4 e 0ilg5 (o0 (53l90 (2 slo
a1 65 3 ke 5 ogdle () Wigd ML sla ails
Grlghe 51 (o a0l vgzg sy 5 HLS (S
038 g Lol Jldo 4y o5 cel 550 )0 95250 (slo 0aryY]
o 50 95750 (0,565) ysilg gol> g JI et SleS 5
O3 YL cdale (Y1) 058 (oo w4350 5 sl sl
() v o 3 5t cos 1) anld slaasly ojgilgm
Yo (S5 O,08 Gl 5 e caw oS5 o HS
oo sty JB sb 4 a5 cul oYeh Galise elsil sl
Sz onlpln s o alS 1) I8 5 0dg Sl aie
[ TICIPPESVIEL [P P WP TV R W PSP
aslagSs O o=\ - mg/Nm? 51 5 0l HS clalé o
5 @leerd (Kb dlex 5| iliSe sla by, (7)) 350
HS (2al8 ez Gog) 4w 0l 5l (oS5 b (Sojslom b
(V) el oas ool S50 )0 94> 50

a HS alf cuz olerdsSsd sbe Jis, 5l eolil
tlrord olge Brae YL by ayjo b g (o ol j adgs Jdo
el dgaze Jlows ()13 000 YL slo anze LBl
slo,eST) 5o muiiese 21055585 Slp 3l by, SO
Silee Lulps e <o) O sgame 5 adlsl 55
aald sloe » HS (Sigslsn S3> .0 -A) el (G52
L5 §%) s raie jilgm 4 ailgur oliondisn GgmmslinS]
390 09,8 saies laie 4 g .ol (3042') Sla oo
Olge 4 ST &S Cadloyo (pl 00,5 oo 1,8 eoliul
(S S sn Bl o S e Jee 9SGl 0
Jyame Slyie & 0,555 /) MGIL 55 o5enSt cdale o

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

=g

O g 0ol pas Jewle

90 2 u0)S a4l O ez Aol Al wial gl
Slod )3 g ol (Ked oS 5 (Seiglem 5 adsl 2 aige
Ol ool oy a3 5o sa s 5l X 5-F°C
oolizwl v,50 bl Olasio

lo,gST ookl LHS G 5 (5,005 oM ) s
b4 WY L oo b alSislef] ol 3 o a i
Gilep Lol i ad sloul el oals 5 OMSL > <A L
Gy o Y L/min cos b o lsa g e 5l eolaiul b Sy
23,5 ol 8 9uST) (YL (lad @l (b edas L8
9 o 79,5 5l x5 g0 sl Som 99 il ilo
s o 5 SSa358 ales] ol g (5l iged
55t 85 15 el 5 a5 35 Ll 5 plonil azin 4o
o3Il PC &y Jate ¢ Jluzms o 55 Sy lawgs o0l algs
IR o 250 5L L A b e ylly ples ol (g,
5o addllas ol o colatul oy50 @bl I Soled 28,8
sl o 1) ) S

2 8" ez iy U555 sl S ilen wulp hed
5 oo Sl el Lilete a5 ol SIS (651 az dliione
o ol (g5l ed 090 JRalS g (S8,5 EMSLde (rizean
(37 Silgp akl ouisS Jlgsal Conlo ) (e ogh o
(OVF) Sl 485 )18 4z g5 9550 1S ()l )0 (590955
e p (S S5l wul P QLS () p 4 ol dsllla
oA Gl o mle )0 sads Bam jo d9zse iy

2l g0 Dlilgusl fE s 0ed LS

o 595 g ol

S A 2 s3lyn | Lol e 15 i
R PR ‘obu‘ ‘sblimul.a)] L=s 5
ooldwl 0,50 o) Slastivo

o2 a0 Ve gols candllas (pl o oolatwl 5,90y diged
&le s gl (et & o o3 Ve g oad Ladlss Sojels
& ole S p bl aS 0 (3 Suigle Jld (il

S e e

& T dAS

Ot e s ad

1
|

. & -

- SIS
e s S v.u'-h’:
L}

—ORP s |

—

{ORP com = m e =m i

- 2AS puia Ol
@ B
eﬁsz_i

:

:JJ\ LS PCE B

- oS

» |

'

'

i

axflloo 50 solawl 0yg0 Wbl I SClouds ST -) SO

7 TEor Jlg /gl 0 louhs /P 3 695
Ol buzo Cubl gy pale ozl Husg fy ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

(Volatile Suspended Solids (VSS)) J1 slxe ol 4
S 03l 5 il (gla g, b gllas 5 azin o b dus
gy 5l eslaiwl b g Las 5 coas adgy g pa> (V) 0l
o, sa (Oxidation Reduction Potential (ORP))
JJ_AHORPolf " -\)"obl Q. *‘l_’gd_")j)
PH ;lojee 5,5 o3l ol L Hanna HI-991003

Sozge Slilgw 5 plie wo)s rizmes Lol Aomiw Lo
355Ul st eolaiwl Loy alys, Ohgan JBan o
(Vo) dpdy pll pls jeas YVFe Jao COSMOS
(OFAT) Time One Factor at a g, b laaiges ol
L s ANOVA )bl 5001 L gl 335, Liled 5 opuess
Juds g 450 9 o el Minitab8 8l ¢ 5 51 eolaswl
20,0 A bl alols b a8 b Ky il s 3G L L ool

8 plonl eSSk polie sl

Lasl

Silse o pSle b (999,5 ) Slazie

2l s Siddem o adsl (2 S 5 (o5 Slasine
] 00 djl)l \ J9A> B cax]las &J‘il o solaw! 3,90 “.. “

S &iler anlE b )y

2550 5l sl e 5 Sldoe (b

el bl 2 sl o sle pola 3 Slee o
plnil 438 iz silse sl slagialesl 5l Jol>
il gole o> aoys Ve p0g38l L LagiST, (1) b
s 5 gse ol Ty L (V) (Sl Jud
Na,SO, <551, 4 69955 p& o pogdle T 5Y.Y 4551,
03538180 2 oo Yo mg/Lgde e Yoo slacdali
wald by sl o dulyd Sl plaebl sl OA) v
b 55551, Slhgina 5 Wk cealy S 1,551, (2
L, 5551, ool s bogliie pucbliie ¢ype 5l ool b pglie
Feg )V Soe a9 YA °C los jo «Silidgie oogamme ,o
2o, VO Eud b b yeSTy Vb (idu ad 610 0 42 35,
s 1) 5B g aily; addg 5l (o250 0033 B (V) (o>
D5 o elB ] S siles Ll el

coolizoal 50 (slo T _

—l e n ol S s

«(Chemical oxygen demand (COD))
T s
sl > 5 (demand Biological oxygen (BOD))
(Volatile Solids (VS)) JI wlasl> «(Total solids (TS))

oolaiw! 8590 oy (2 b g (S 38 Olasio =) Jgu

Y/AN LYAN, £/0A (Ao )3) Cldsl S

WYL £V/a0 YYYE (ds33) JT les Slol

£/vo YY/41 \Y/EY L) 5550 s O3S

VYA

ijhe.tums.ac.ir

% 92 ﬂ&
Vel lgr /gl 0 )loih /i 0,95 o

Ol buzo Cublsgy pale ozl g s ol soliliad


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Ohlen g 0ol pae laule

Bgod b aslie o Slalgw calizee sl (5,135,L j0 580

el 00 o0l QL"“" Sl

=

¥ H2S (%)
B CH4 (%)

Fiee
FF--
Fr.-
FY-e

Fre-

Fuun

Biogas (mL/17 days)

Raw Sludge Sludge+v-- S

77 Biogas Volume (mL/ 17 days)

Sludge+ -+ S

H,S uc,0 99,5 o2 40 09290 Slifguw polio 556
sy B0 p>g

st Aoy g Gy Bam e polie ) loged (o

Y ~ +Ya
=L .0 3
S S
E.]_ JE. E‘_

— £
'; [ ¥ Er s
=Lz
} /T -l - F.
= Loowa T
= 20
¥ .
s F A
' L .Fa
e
L /¥,

Sludge+ v-- S

el wea Baa dlm o8 e e 8 3 S e e s sy w nSaot e 2 saan

Sodgs gm0 HLS w00 9 55 e 19 (6999 (x50 092 g0 Slgm polio - Hloges

S opsdlaw (ie,he Sd> oy o enST digy G e

s
Gl sl (AL )0 0psilan 35,0 S Wdg 25
chale Sl Ll oals ools LIS Y Jloges o Dldlg
Sy W86 2 (s5lep o s 00l ags s o HLS
Aoy N0 /YD (L A e 3l Jols mls) (Sog38!
HZS .,\.J53 u‘).uo ‘ul&l}u} ‘)05)5| la FLg| 0093 (o>
WBom w3 V5l 5L & 59, Vb g andls (o2l w,

SIAMNL/day # 5 L lsn 5,5 9,0 b .Cosl oz 2oy

® ﬂﬁ%
/%ﬁ J 1ol Jlas /gl o )laih /pasin 63

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

AR

oo a5 5 )l sskie 4 oad plonil Slislesl b
b slo 5056 L B0 ,0 wdlgw 9 Lo wojs
Ol 40 Oladas e (iol381 L aS a0 lid Sldgu
aals diged alie Loyi gadgi s o> V- mg/L
9 O clale 9 (fryr mL 9 fYA- () ) Sl
@ oS a s ol oy s nolae Vo mg/L
H,S casllas cnl ;5 .cosl o, YAYA mE/L 5 ¥ ¥
Qald diged ;0 i A) oy /T8 5 YD dgux 3l 5 g0
SIS ,L ;) de,s VA g YT & (Y- mg/L 6,135 ,L

] L) (V” mg/L56’ .


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

Jol> o o Jshite 50> 4y 3850 H S clale Laylys
YL 6l (YY) el ooy (650 BBy adas
N S adees HS (O/YF NL/day) eolse &5

J%qul)bHZSGGmwlqoyjlf%gsww)a

el 00 Bd> B g 3l as o AA

— O2 rate (NL/D)
[ ] pH

02 rate (NL/D)

- S il aul bl e

doyd I ar w555 0bb 0 5 9,0 HLS (rals i,

el Ol y (g0
CLL O, ¢y s Gl b &S wes e olis gl
clal /- F NL/day _aolgs g5 b 5 ey uals H S
ol oS cul Ban sozm> sy o/ 5l peS anea HS

- AV - -5

L -TA
= |
3
£
5 1
L -7
L -T

e sl il pulse prgolsa o aala 0 ORPs pHUslb 5.

g aw 500, s H.S wo 0 (69959 o2 30 99290 Sldlgus yolie y3G -V ,loges

g, 551, pPH Y NL/day 5 L lse Gy Ll
ol ;o addlae Jsb po PH wliis oS5 ansls o238

2o VIF 5 VY
oian 0)35 Jsb o 4551, ORP oS sms e i gl
2lS W, <A NL/day ¢, L lse 3255 5 silo o

NENL/day &5 o5emST 3,5 £9,5 b g Canl azals
Jsb ;0 ORP &l s .a0,5 svalie ORP zol38l 0y,
29 YA MV B -YAY sogae ;o aallas

\Ye

wohs o Slae (gjlo digy Sz (g Ay E 5 Creni

$ils2 o e
ORPy pH il oo osls Lis ¥ jloges o a5 ghailen
N s M e S il Ll b e
asle GM@lS 5\35) uyoj Jﬁ‘ )9) oS o )9»5‘) pH |
Ly, <M NL/day #5 b 55081 5oy5 555 L 5 ool
0,99 Ll b aslsl o 050 5 eanlie pH S5z L3l
o Ll ot Al PH 552 Gialidl ooy 3,5 6!

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

O g 0ol pas Jewle

VF -

| — 02 rate (NL/D)
A\ - pH
. v ORP (mV)

02 rate (NL/D)

=AY = -YF

L -T4-

ORP{MV)

=71

s dsn il polse pa g lse o asls 2 ORPS pHoslse

G192 (o ol 15 35250 DO § ORP s yd y1 (6999 ) 10 S350 Slilgus yolie 4l =¥ Hloge

G5 Olime (YL ool plaisl sz a |, 58 en o>
oy FFEY s o ol Sl (NL/day) 5eus]

ANOVA Lg)Loj uj,cj S VRUET V- SR WL S
Oloedol Aol b )5 0pnST (68 g (ylie cdale . S5lee (g

2,18 0529 (5, s Dglay candllac 0,90 A ;3 (o )3 A0

—— 02 rate (NL/D)

Silse o pir Sl dgy C ST Ay G i
000 0,95 Job jo Cewl oads ools HLas F jloges 0 a5 jslailen
4 89 CH, jlaie «(Jgl 355 00) (3enST B2)5 o s ko
0,95 Job 10 el B gn som> o 0 PYNEY Lange job

Qo) FYIOEYIO L iy CH4 e (o3, Vo) (= s5len

va — | |daily biogas production (NL/day) Ve

—w— CH4 concentrations in the biogas (%)

® CO2 concentrations in the biogas (%) (%) [ .
gee d ] i
LA
(T
. N Yy¥ VyVY v
Fo- 4 Y iyg ¥ YUYW vy F
> . vy Yyyy YYyv¥y | ;.
g |2 - -
Yoo | F

- -. .
I ™ ml
- _‘.e_ v
=Y L
J Loy
« -V 4 - -
. Ve

I II B pmESg® ._f‘

Qs Baagl gy s i S afio A5 e aa g i nCHY 3 COp e

&l s CO, s HLS oo 5 oz 1 (69959 2 10 992 90 Slilgus yolie il -F Hlogas

® ﬂﬂ/
-_//él)??g J} Vel ylar /gl 6 jlasis /e siss 695

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

(S yeb el oaw, YAYA ME/L s FV- Y & S 5w
b yieilee codled ol ISt geep aids Olllas wloly
(#) (COD/SO =Y0+) wlidgw Yo« mE/L s5l> (2 o
oadlive 8 g0 adg Lials Wiy, YL cdale o lel.s )l 09>y
o 6ln 655 s B,y SOl & Bores yol gl g 5
5 (Sulfate reducing bacteria (SRB)) wlagus oS
15 bayssitin o bacsy e wiile cslsp o slaes ST s
aS Sy (V) 05 o0 00ld o (53l92 o slo polo (4
il Vel eSS wole )3 95250 2 COD/SO, s
@ e g a8l (ol Olidge ouiS sl slo (655 36

(YY) 08,5 oo ole 0dgs als jals
B wSy 0 HS wops o s oy 255 anlas
a5 sl 5 s 2 e Oy & Ol oo
(methane-producing bacteria (MPB)) -\l oaiss
Olie oy izl s ogdle cadllan ol jo . (YY) ol cas
ol dg o a0, B0 dwsli e 0 do 0 £P) S8y 0 o
SISL o HS oy &5 (V- mg/L s S )L o
ol o el golidl (Voo mg/L g 00 r) Sl YL
655 b MPB L ouls, o SRB sl (5,551 Yool Loyl
SIS L 50 B w adg ials 4 e a5 (VA) cwl LI
5 Butlin adlbs mls & axg b .l oo Voo mg/L
Lylos o) ol adlsl OBl o @ ey O 5l s (5
9930 HLS (glgimo b 5 (Sikidgio silsp (o o2
6,18 ,L e bl 4 Az g b aS wl odgi ao s Ve-0
Slozen asllls pl ml b 5en HS woje 5 ol
s Sols Lo 4 Boes e 0 HUS @l o)l
s mlp o PLST s 4 godgi s ialS 4 axgi b
NS ,L L aiges bl oV o 3l 51 3L (s5lee
0,99) disl,d SLS 5l aw caslsl yo ol sl Ve - mg/L
Sz (S 2ol il p ob)l sl (o man 0jg) Ve
S enSslr cuz 285 )18 25 0550 55 HLS als
o 4 (Ve mG/L) Sl 0958l cpian 0l )3y S

\YY

S &lem anld 5b )y

Silse 2 pole 0 (599,5 ) Dlaie

wdal a5 aes Lol Gl 93 (Sislsm 9 adsl o
Lo )53 i (o7 g on s o) il i b wils
Jé oxd (V) aes oo JSis 1y adel a2 Sl (s s B
S (@25 BB 099> b) (09,500 oailedl 5l (oS 5
ok Jgaze 5 (Cond 4525 JB) 99,5 59 99790 Sl (2
Snd 4575 Gl (IS 5l 4 (VY) Canl 425 BB 2
(YY) sl Gz oy s atsly ol @

a5 aes o plid ) Jgam 0 eald dll s Ldow g 5o
an dlb ile ane 5o wily oo (S g adsl o2
i Sl 5 adsl (2 Wised TS il oo Jose
TS calive aslllas o a5 > )5 codgs doys FIOY o #/VY
cde (YF) ool osds )55 o ys VOY 5 V¥ iy 4
5 Lol alo 1o anlllas ol o 0nds eolitiasl (y2d 4 e ol
Sldlhas 3 a5 b o ol 0l 35 1, L85 Sl Lalis
ol 00 ool Ladis g (iolel yeay caw; o 5l asliee
5l oolial ay (Y0) ), Kon s Hallaji asllas gl b Ll
o)l calis aie K

dges b awslie ;o mili ;b BOD 3 COD (VSS ,0lie
ds7se izl e 05 a8 (Sfsles 5 adsl o2 o
(VF) ol oads o 55 (55l9o o it a0 il mlo o
aind BB T olge oy (i (Sifslse (2 ised
@) gl 5 adsl o b avslie 1o (0o )0 AY LI VS/TS)
5 PInto mls b a5 ks 1) (oo ys OARY 5 VY/SY i
Syl glgzen (VF) (Y21 F) o), S

H,S a0 0 595,5 52 3o 95250 Slilg polio 53l
L)

s oy Ben HLS so o g 5800 0l orezw polie
sols dges b duglie jo Slilgw alises slo 5,105 L 50
ol as ses o lis ) Hloged jo (Oladgaw (39938! aa)
S5 s x> Yo ME/L Glie & Sl Gl
FYYFmL o FYA 55 @) conl valls dges auliwe Lo a5
5 ool ey s polie Ve - mME/L50. - clile o

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

O g 0ol pas Jewle

w8 0, 8os (gl dingy o OS] e G i
Sjlse (o o2

S sl 52 0 Sles S sl g el S
SFlil e Gz Gsler anld 95y il (550
Gilgr anl 3 dewgi gl p ol oais obml ads JpaS
PH wsle Jru8 sloyully 5l il s i S
(YA) 05 plol gwyd 4 b ol by L s ORP

&l (Voga>) s PH o (53lsm (o pdan o Jano j5bo 4
o 3l b (3t colled gl T onl bl 4 s
s HS & g0 w0 Boes sl 6 00,55 pH ol jo .ozl
Sol> mbo b lsa Lulas (33l L L(YA) g ol HLS
Colpdy el HS Gi> pH 2als b g Jole HS
o Sl 2 mar aul 6l coml PH 850 51.(F0)
St PH @lpss 4 b 55k 15 asl slo JSie il
& 09S1y YL slad 4 lea 3,5 1 ((TA) wits ol
ol 435 (l9a (o anl B 50 Pl pac p odle (s5lsa
o2l 5l eanel sy il il e I HLS palS cye
(V%) o, Ker g Diaz adlas bt b (F loged) (aubios
Syl Slgen

ceslio JyuS zall Ky ORP asiS ol 2o ol
chile cdl opl po ol (S Gilsr anlp oy
ks a5 gl e L o ylaie 4 euilandly y5nST
(Y ol Lg).:.:L: Sle

Ls-YYOORPL 4 ST, 5l s)lopo,podasl, o0
I et Sl b (55 5 Jpbe il B3 Y50 MV
ORP I solazwl o555 (YY) sl oliws b oo ,yo AA
208 5 PH oo asile b el 51 gl & o Copusli
ol S pa SOl eoliil o] > ol ol Sg
Laosls (5,5] aoz g (J)las J S pitam asile ,lS055
(Supervisory control and data acquisition (SCADA))
adlas ;o (YooY JL) o Ken ¢ Khanal (vA) el
i > gy J7S 6l ORP s S5 soolgs
Bi> g age ORP YU ol L OSB 55len o
ool 5 (FR) Wl 03,8 5,135 YSO MV b YVO 1, ailsns

® gﬁ/
yégg J 1E o lgr /Ul o loih /i 0,93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YWY

£355 L olyen ((YA) V)Y mg COD/L (5,58 ,1) s55,5
o el Sz (polse (g

B0 1098 59k Sl S (oS T it 0 e
T 655 o3l b ol oo 1y OemeST 550 o IS b &
D) oS STy YL slad o oy5dlgm (5,00 cale
soilogily e oS by wms o lis Slallls gl
Bi> Hleaily el sy f00 sgus BTan o ienS]
cJos ;5 (T) 09 walss 00,0 A% 5l hw 0)9lgm (19,000
bl Vpane HLS Gl cam 5L 850 05051 s
et o5 S50 S (500 55 30 olagily il
B e 5B gilsm g s S, » 45 Ak sa> 40
chale as was o LS Y loged o ead Wl mbs ol
] gox> a0y /)l eS addlas ol jo e yo 02
B lulys 5508 8o g3 BB as o H S a5 Jlo o
4,551, 50 d9790 O, olie VYF NL/day jlaie L lsn
2 B0, sgzg oaims las a8 cil (il Sie i
OO oy ;o) bl cnl s el s b les 2
i o as Jows S0 550,280, % & H S (YO,
HS Gis o5 el (S 32 s5lso anld g5l ol
o 30 &5 Iz cans &) wlo 5l 4 Seop olaw )3 s
iy s 4 ST L 5,5 ot L,
cwl jaclus (Sulfur-oxidizing bacteria (SOB))
$Lad pusl o 53 1, 8 092y laims I (g )l a2 ,ST.(74)
(TY-TY) wis S byl 58

ST 155 S5 4 pmie 5 (5] 380 CBLE 3905
Kryslova 133 Golul 5 .0)la 0439 a5 5lasl 09 o
Y o9 a0, oIV o ST adale (YA) (Y410) o) Ken 4
O wola 1B g (3390 (15 3,555 4 pomie Wl (oo ey
2 a8l 4 g bogd (5,5laS Sl b ot ML
o> doy oV = Y H S clale Slsjsilsw aoly )b
callnn ol gl ol 0 (TF) 5 o 425,15 1o 555
& Jds 4 V- F NL/day &5 b Sz (oolse anl s
B s 5o Ll sl JBlos pimman s HLS B3 o cnls
3L (2105589 Sz conlis 435 Wl (oo


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

(A &S oo ooiﬂ Iy B Sl

Slor 2 ile YL aaie 3 (BLII (5nST &S Sl
Silop (o ole Slgie yotue CiS ol AL S92
o mole mle i5u 50 D9z e (5enST (28, YL 4 e
S ST Wl oo I g 51 (25 Al o 0008
SloysSly 5o 65 omb Ol wds Gl i 5l (S
w38, esabie s3lsm (g sl 5T b aalie 13 (55lpm5, e
b o Jl e iz s o mw Sl ol Jixt s oS
35 09 b 52l gl (Jle cnl bl sl a3
Sl g Gz iler anl gl LU ke adgs
@ azg b oGS 90 &5 Tz Cenl onis (5155 (i
a5l Gt ST onl by el oatd 7S sdlgn ol
Sl (2 ole anld o PS4 i a5 09 00l 8,55
YA NY) cenlons 318 adgs ials ass jo

o S50, Jul )l plaeb! Jypa> cosal addlae oy
wl B g fee (2105 0,555 e 4l 51 (oSS sl
WS (oo Wz p Sl9p (0 an b eSS s (S sl

& S Ao

wole LIS g 65 L Tl o anllas ol 4o
cble a5 ol las gl .c3 5 I3 (o) 9590 Sl9r (2
Oeizzen 5 8 HoS alidl 4y e Ve o mg/L olids
238 e el Ay jler o sl s LS
Blsp 5 a5 ol LS (Six sl wnlp Ll om)
S oS e HUS acgy 2ol 4, v/ ¥ NL/day
G (aFls s,y 0 Y NL/day i s O, jlais a5
iy @ ORP s pH jiolie a5 ol (las galp (J s
polie 39> j0 a4 09 -YAY MV L -YAY 5 VIV b £/A
Llse o Gloy .ol (S5 il anld sl oad apog
S 2L 4z ST as 5 59551, 4V /VF NL/day ¢ 5
O2 rolie Lol arisls st Bd> 10 (0o, 9 5l iw) 295
23,5 B adgs 2elS 4 2 5 Gl s

Gl Gl slo cble (5 Sibe o )bl ge5T bl 2

sl b cod g ST By e Gl R e 090 50

\YVF

S &lem anld 5b )y

s Laa> gly 5eST 590 e JysS sl SCADA
aS (YA) 09 oulass -Y2- mV b -¥) - 0 il ORP
Cawds ORP ol b J S o (gl 00 iy a5 dg0>
Syl Slgtas adlllas oyl 4o ol

S35 (o i (2L Sgtr g e iy G e
el oal ooly HLis F loged jo e adei 5 Ol s
B ST polie Dglas azes jo allyy) adgs Sglas ol
Jsl 35509 55 B allis) alsi pan elee .l 9251, &
JYo) 0g YEE £ ¥ ML (581 5,5 g00) andllas
(Sl 00l 0018 sgs L8 sl Cond o 58 g0 oy
@03 (nl (S5 3192) po 9 90 0595 03 sla 093 5o
g eSile Lyles 0 YAVE YY ML o YSY £ Y+ (53
YYY + of mL/daY L ‘51‘).’> Ls)b.m Poa 0599 4O )lfg...l d.»‘)a)
Qa2 oo lid g, 00 sla o3L Ho zull anslas el ou,
s alis) asi 5eSilo o )1 e g)lol Dglis o5
2,55 1,8 (V- ¥ NL/day b) pols a5 s

50 (FV-F) SLL ojs, 00y 3Ben oy mls anslas
)‘J.ML"?E &)fASMQGAQLMJLQO)joJJLul)MLQA
axs 0 HoS aylon s ul5l ay joia VTS NL/day
O aigy F5 eomlply el ool 5850 oy uals
Syge B pas 51U 0l oulas godgs s 4 axgi bl
O, L (col Sl cas ol ls 8T, a5 gloj) Ll
(F1) 098 T ol> Bam po 9> 5l i

a2 oo lis ol Sl golass awgs el &Sl ol
03983 (59,02 b udins job 0 Wl (oo ()5S 0350
Sype sl Jladie culpby aes 2STy IS 58 >
9> Jlade (05 b 4 0jedlsm (59,008 polie (sl 4 5Ls
Vb Coenl ax 0 5l ge 590 b polie il oo ralS
3B @ B ool 039l] 5l e il 59 Ly el 1oy
PR CRROR SNV RASIN SR NR S
O5eeST HLS el Bas 51 globsl gl Too oo 51 i

% ) 2 ﬂy
VEor Jlgs /gl o)l /pasis 095 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

O g 0ol pas Jewle

S5 8 byl 8590 ¢y95 e ashal

JENESERTIEYA

pas ¢ ool C8yw pac alex I B OIS den Fac s
3 ey g o ools oy o sue o a4y i Lo o allie Lacl
Ailoo,S culey alas ol o 1y (g5lw ools

@‘é)u\é 9 ’.ia».’& y
S,Sbes oy e b asl (L 5l sise Jols allie ol
& el oL (il o S sjlee akal iy anl)S
S A5 phate o "Oligw | 8 (0 OB ) (55l
oEiils Culam b aS sl VEYTOVO o 5 VFr e Lo o

RO PR ‘).‘>| gq)l GLLQJI O ooy ‘u|).e‘)

References

1. Barati Rashvanlou R, Farzadkia M, Moserzadeh AA.
Evaluation of pre-treatment efficiency of fats, oils
and greases using low frequency ultrasonic waves to
accelerate the process of anaerobic digestion. Iranian
Journal of Health and Environment. 2021;14(1):115-28
(in Persian).

2. Appels L, Baeyens J, Degréve J, Dewil R. Principles
and potential of the anaerobic digestion of waste-
activated sludge. Progress in Energy and Combustion

Science. 2008;34(6):755-81.

3. Kariab H, Emamjomeh MM, Zakariaie S. Risk
assessment of exposure to heavy metals (Pb, Cd, Cr,
and Ni) in the hazardous solid wastes identified in the
wastewater treatment plant of industrial city. Iranian
Journal of Health and Environment. 2023;15(4):601-16

(in Persian).

® gﬁ/
yégg J 1E o lgr /Ul o loih /i 0,93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YO

=l Ao Bl 39z (g, e Ol (S Slan
aS ol lis dslllas Job jo s 0,98l gu Oiayden cdale
b Jds 4 V¥ NL/day &5 b S sjlen al
2 Sl lsa Blas rizen 4 st Bl 50 cwlin
e 5l 2105 )s8lsm Caz (orwlie an3F Wl o0 B g
Sz S Gile anl Coeal adlbe cpl mbs ail
ol |y gilse o @il 5l ol e 5l ge (olo5e,5 65
Y 4,0 & 0980 aS Jo = UL..; ‘Q_ﬂ).g ogdle om0 =
O5eS1L O, Boy5 Jals (S5 slen sloy 55T, (g0 Sy

el bglies ol saze 50,5 5,651, (gYL slasd 4
9,500 swlids aigS e Sl adllas ;o 00,5 oo olpriny
Bi> jelaie 4 Si 3len anl B o Sles 350 p Fge slo
i 5 ool (solazdl 3BT 5 (6551 Cuppoe 3 5e HS

4. Chazal PM, Carboni MF, Lens PNL. Interactions of the
sulfur and nitrogen cycles: microbiology and process
technology. In: Lens PNL, editor. Environmental
technologies to treat sulfur pollution: principles and
engineering. 2nd ed. London: International Water

Association (IWA); 2000. p. 403-43.

5. Jung H, Kim D, Choi H, Lee C. A review of
technologies for in-situ sulfide control in anaerobic
digestion. Renewable and Sustainable Energy Reviews.

2022;157:112068.

6. Deublein D, Steinhauser A. Biogas from Waste and
Renewable Resources: An Introduction. 2nd ed. New

York: John Wiley & Sons; 2011.

7. Diaz I, Lopes A, Pérez S, Fdz-Polanco M.
Determination of the optimal rate for the microaerobic
treatment of several H2S concentrations in biogas
from sludge digesters. Water Science and Technology.
2011;64(1):233-38.


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

8. Barati Rashvanlou R, Farzadkia M, Rezaece A, Gholami
M, Kermani M, Pasalari H. The influence of combined
low-strength ultrasonics and micro-aerobic pretreatment
process on methane generation and sludge digestion:
Lipase enzyme, microbial activation, and energy yield.

Ultrasonics Sonochemistry. 2021;73:105531.

9. Barati Rashvanlou R, Farzadkia M. Pretreatment of
municipal biological sludge by ultrasonic process:
efficiency in hydrolysis, stabilization, and dewatering.
Iranian Journal of Health and Environment.
2018;11(1):25-36 (in Persian).

10. Mahmoudi A, Mousavi SA, Nayeri D, Darvishi P.
Effectiveness of recovered sludge from Kermanshah
water treatment plant as a low-cost and effective
coagulant in wastewater treatment. Iranian Journal
of Health and Environment. 2022;15(3):539-58 (in

Persian).

11. Huertas JK, Quipuzco L, Hassanein A, Lansing S.
Comparing hydrogen sulfide removal efficiency in a
field-scale digester using microaeration and iron filters.

Energies. 2020;13(18):4793.

12. Weiland P. Biogas production: current state and
perspectives. Applied Microbiology and Biotechnology.
2010;85(4):849-60.

13. Fu S, Lian S, Angelidaki I, Guo R. Micro-aeration:
an attractive strategy to facilitate anaerobic digestion.

Trends in Biotechnology. 2023;41(5):714-26.

14. Polanco C, Samaniego J. Detection of selective
cationic —amphipatic antibacterial peptides by
Hidden Markov models. Acta Biochimica Polonica.
2009;56(1):167-76.

15. Bonilla Pastor de Céspedes E, Diaz Garay BH,
Kleeberg Hidalgo F, Noriega Aranibar MT. Continuous
process improvement: tools and techniques. Lima:

Universidad de Lima; 2010 (in Spanish).

S &lem anld 5b )y

16. Davarpanah L, Taherian S, Abdollahzadeh Sharghi
E. Removal of high concentrations of sulfate from
wastewater: evaluating different methods and
proposing the best option. Journal of Environmental
Health Engineering. 2019;6(2):175-86 (in Persian).

17. Ahn Y-M, Wi J, Park J-K, Higuchi S, Lee N-H.
Effects of pre-aeration on the anaerobic digestion of
sewage sludge. Environmental Engineering Research.
2014;19(1):59-66.

18. Jeong T-Y, Cha G-C, Seo Y-C, Jeon C, Choi SS. Effect
of COD/sulfate ratios on batch anaerobic digestion
using waste activated sludge. Journal of Industrial and
Engineering Chemistry. 2008;14(5):693-97.

19. Walter WG. Standard Methods for the Examination
of Water and Wastewater. 11th ed. Washington DC:
American Public Health Association (APHA); 1961.

20. Basim Y, Farzadkia M, Jaafarzadeh N, Hendrickx
T. Sludge reduction by lumbriculus variegatus in
Ahvas wastewater treatment plant. Iranian Journal
of Environmental Health Science & Engineering.
2012;9:1-5.

21. Montalvo S, Huilifiir C, Borja R, Castillo A, Pereda
I. Anaerobic digestion of wastewater rich in sulfate
and sulfide: effects of metallic waste addition and
micro-aeration on process performance and methane
production. Journal of Environmental Science and

Health, Part A. 2019;54(10):1035-43.

22. Nopens I, Batstone DJ, Copp JB, Jeppsson U, Volcke
E, Alex ], et al. An ASM/ADM model interface for
dynamic plant-wide simulation. Water Research.
2009;43(7):1913-23.

23. Yeneneh AM, Sen TK, Kayaalp A, Ang H. Effect of
primary sludge to waste activated sludge mixing ratio
on anaerobic digester performance. Desalination and

Water Treatment. 2017;71:79-84.

% ) 2 ﬂy
Vel lgr /gl 0 )loih /i 0,95 -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

O g 0ol pas Jewle

24. Pinto N, Carvalho A, Pacheco J, Duarte E. Study of
different ratios of primary and waste activated sludges
to enhance the methane yield. Water and Environment

Journal. 2016;30(3-4):203-10.

25. Hallaji SM, Torabian A, Aminzadeh B, Zahedi S,
Eshtiaghi N. Improvement of anaerobic digestion
of sewage mixed sludge using free nitrous acid and
Fenton pre-treatment. Biotechnology for Biofuels.
2018;11(1):1-12.

26. Tchobanoglous G, Burton F, Stensel H. Wastewater

Engineering: Treatment and Reuse. 4th ed. Boston:

McGraw-Hill; 2003.

27. Butlin KR, Selwyn SC, Wakerley DS. Sulphid
production from sulphate-enriched sewage sludges.

Journal of Applied Bacteriology. 1956;19(1):3-15.

28. Krayzelova L, Bartacek J, Diaz I, Jeison D, Volcke
El, Jenicek P. Microaeration for hydrogen sulfide
removal during anaerobic treatment: a review. Reviews
in Environmental

2015;14:703-25.

Science and Bio/Technology.

29. Lens PNL, Pol LH. Environmental Technologies to
Treat Sulfur Pollution. London: International Water

Association (IWA); 2000.

30. Ramos I, Pefia M, Fdz-Polanco M. Where does the
removal of H2S from biogas occur in microaerobic

reactors?. Bioresource Technology. 2014;166:151-57.

31. Ramos I, Diaz 1, Fdz-Polanco M. The role of
the headspace in hydrogen sulfide removal during
microaerobic digestion of sludge. Water Science and

Technology. 2012;66(10):2258-64.

32. Rodriguez E, Lopes A, Fdz.-Polanco M, Stams AJ,
Garcia-Encina PA. Molecular analysis of the biomass
of a fluidized bed reactor treating synthetic vinasse

at anaerobic and micro-aerobic conditions. Applied

® gﬁ/
yégg J 1E o lgr /Ul o loih /i 0,93

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Y'Y

Microbiology and Biotechnology. 2012;93:2181-91.

33. Kobayashi T, Li Y-Y, Kubota K, Harada H, Maeda
T, Yu H-Q. Characterization of sulfide-oxidizing
microbial mats developed inside a full-scale anaerobic
digester employing biological desulfurization. Applied
Microbiology and Biotechnology. 2012;93:847-57.

34. Al Seadi T. Biogas. Esbjerg, Denmark: University of
Southern Denmark; 2008.

35.HuY, Lu C-s, Yang Y, Li Y-Y. Effects of operational
variations of micro-oxygenation and pH shock on the
competition between methane production and sulfate
reduction in a UASB reactor. Journal of Environmental

Chemical Engineering. 2022;10(5):108390.

36. Diaz I, Pérez S, Ferrero E, Fdz-Polanco M. Effect of
oxygen dosing point and mixing on the microaerobic
removal of hydrogen sulphide in sludge digesters.

Bioresource Technology. 2011;102(4):3768-75.

37. Chen Q, Wu W, Qi D, Ding Y, Zhao Z. Review on
microaeration-based anaerobic digestion: State of the
art, challenges, and prospectives. Science of the Total

Environment. 2020;710:136388.

38. Rezaee A, Farzadkia M, Gholami M, Kermani M.
Effect of micro-aerobic process on improvement of
anaerobic digestion sewage sludge treatment: Flow
cytometry and ATP assessment. Royal Society of
Chemistry (RSC advances). 2020;10(59):35718-28.

39. Khanal SK, Huang J-C. ORP-based oxygenation for
sulfide control in anaerobic treatment of high-sulfate

wastewater. Water Research. 2003;37(9):2053-62.

40. Diaz I, Ramos I, Fdz-Polanco M. Economic analysis
of microaerobic removal of H2S from biogas in full-
scale sludge digesters.

2015;192:280-86.

Bioresource Technology.


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

£
£

AN
@ ;
\ £

m|
PR
7

oy ' o
gy \@

o, o
" of Environ™

Available online: https://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2024, Vol. 17, No.1

HETH AND EXVIRONMENT

Orginal Article

Investigating the effect of micro aerobic process on the efficiency of anaerobic
digester of sulfate-rich municipal sewage sludge

Abbas Ali Moserzadeh', Gholamreza Nabi Bidhendi®*, Nasser Mehrdadi?, Mohammad Javad Amiri?

1- Department of Environmental Engineering, Aras International Campus, University of Tehran, Jolfa, Iran
2- Faculty of Environment, University of Tehran, Tehran, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 08 November 2023
Revised: 29 January 2024
Accepted: 03 February 2024
Published: 10 June 2024

Keywords: Municipal sewage,
Biogas, Micro aerobic, Sulphate

*Corresponding Author:
ghhendi@ut.ac.ir

Background and Objective: A high concentration of Hydrogen Sulfide in biogas is a
major problem associated with anaerobic digestion of waste rich in sulfate. It disrupts the
functional process and reduces the lifespan of biogas facilities. The micro-aerobic (MA)
process is an alternative method for direct sulfurization.

Materials and Methods: The effect of sulfate loading (200, 500 and 700 mg/L) on H,S
in biogas were investigated. Subsequently, the effect of MA process (0.88, 1.04, 1.34
NL/day) on H,S reduction in biogas production was evaluated. Additionally, oxidation-
reduction potential (ORP) and pH were measured. Finally, under optimal conditions, the
biogas volume and the content of CH, and CO, in biogas were determined.

Results: The results indicated that there were no significant differences in biogas volume
production between the reactor fed with 200 mg/L sulfate and the control. However, the
biogas production in reactors with 500 and 700 mg/L sulfate decreased to 4103 and 3929
mL, respectively. The H,S levels in control and reactors with 200, 500, 700 mg/L sulfate
were 0.35, 0.46, 2.4, and 1.8%, respectively. In reactors with MA at rates of 0, 0.88,
1.04, 1.34 NL/day, the H,S levels were 1.95%, 0.9%, 0.4% and 0.1% (V/V) in biogas,
respectively. The pH in reactor varied between 2.7 and 4.7, and the ORP was measured
between -281 and -291 mV. Statistical analysis shows that no significant difference was
observed between the average daily production of biogas with MA process of 0.88 and
1.04 NL/day. However, MA with 1.34 NL/day resulted in a decrease in biogas production.
Conclusion: The results indicated MA at a rate of 1.04 NL/day is a favorable option for
the treatment of sulfate-rich urban wastewater sludge due to its efficiency in H,S removal.

Please cite this article as: Moserzadeh AA, Nabi Bidhendi Gh, Mehrdadi N, Amiri MJ. Investigating the effect of micro aerobic process on the
efficiency of anaerobic digester of sulfate-rich municipal sewage sludge. Iranian Journal of Health and Environment. 2024;17(1):125-38.

Copyright © 2024 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@@@ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
A=W creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://journals.tums.ac.ir/ijhe/article-1-6864-en.html
http://www.tcpdf.org

