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Abstract

Research Subject: Sulfide removal from sour water is essential, before reuse or release of sour
water into the environment. Regarding the high costs of traditional methods, biological removal
can be used as a reliable alternative.

Research Approach: Biological sulfide removal from sour water was investigated in a batch
reactor using Thiobacillus sp. as a dominant species of a mixed culture. A conceptual model was
developed to describe the process of H,S removal from sour water in the batch reactor. The model
considers H,S and O, transfer between liquid and gas phases, biological oxidation of H.S to sulfate
and elemental sulfur, and chemical oxidation of H,S to thiosulfate in the liquid phase. The govern-
ing equations were derived using the principles of mass conservation and biochemical reactions.
Several batch runs were performed to obtain experimental data on the variation of sulfide, sulfate,
thiosulfate, and oxygen concentrations in the system as a function of time, and an algorithm was
devised to use the method of Particle Swarm Optimization together with the numerical solution
of the model equations to estimate biokinetic parameters. Additional batch runs under different
conditions were performed to verify the accuracy of the model. These results indicated reasonable
accuracy of the model to predict the performance of a batch reactor for the removal of H,S from
sour water. The novelty of this model is considering different pathways for sulfide oxidation which
includes product selectivity.

Main Results: The maxim specific oxygen uptake rate (SOUR=OUR/X) is one of the most im-
portant parameters in the evaluation of the biological activity of the microorganisms. The calcu-
lated value for this parameter was almost constant (16 mg DO g-1 VSS min-1) during all sulfide
oxidation tests indicating that the maximum specific oxidation capacity of the biomass is indepen-
dent of substrate and biomass concentration. Results exhibited bacteria prefer to partially oxidized
sulfide to elemental sulfur, however this preference is a function of dissolved oxygen and substrate
availability.
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fazaelipoor@yazd.ac.ir



PEYE-T R B JORT Y WX W PWRERE 25 { W R VY
A gl 451

)5 P ez (Y pemnad o
Ol S Ole S b g ol8isls (mdige b oISl (pand pwdige iS5 =)
55 ol (e 0 dSEs (pand pwlige 5 jeuks Ji5e —Y

5 Lol (Gt sl 53 0T (3l Ly L ssli a3 3 55 O 5l 0 sdendidl s o G

ol (gl i 12 5 S Ol s sboa B 0T B (gl Jglize sl Y au o oy
Ry PSP PN P g P S [ [N PEC PR W PO

458 Oyt skl 55 408 Sl oali sl L s i 5558155 35 T 31 05 sl s e B

e A Al b o 5 ey o sgie (e DS S 0 s s S el 3 I

35S el sy ST 05 5 5en el e 5 05T (6318 o I (Jis A 303 a5 i 5

Vsbes 3 S o i s =l O 55 4 Aol s ploand LS| iman s S o 5 (6 e _

o=l Q_l.\.'.;;..x_..'zCljsr.:_..ﬂlL;:_,.._)'Lgl_AJ.LSbJ(RL;L@V_:AU.AJ'MAL&;_JQJJ_A);»U:_J:J_,_A

rl_>u‘ QLA)@WcQYjMJ<‘);’_~J-)o.>l_ﬁﬂ£a_w&Q‘Mwﬁﬂéwdéj‘gid_wébd‘ﬁ

. : . ) : : 3]
03, SaS 1 due 05,5 0, S 6l s c3 § s et slmesls ol Sleslan Wl L Jue 03,576 IS 559y il gas
()l_»jv.a J—= sl ¢\_>-:J'| (Solwtingy o) e Jde sla s s 5 o (slmesls DL Silw e
3 ol oslial) Jie mieslizel (ol a0l ilesl s esliad alilwr 1 oSl il s Vslae ) S

Olyd ploojl g lwaiags

4l Jace (VL s adems DLt a8 et il s (sl i iy s OF sl 5 oLl (Je 03,5 0 S
oS S 05 sten ) 5o (20LST gl gline gl e 5 S a5 5 Jis slas sl 5 5l G s el

w‘obbuféyjbbdwéﬂdiubﬁﬂr)_@ug_%bjb
u.:a:ﬁ)‘.)_icgL.w\Q};_.,S‘k_sjwaj"_uCﬁcuéﬁbww&ﬂnm)auwywﬁﬁaj‘é
rjj‘_;‘.:.ﬂ)\-\l_;J_n|f‘)g;_nULiJjJcdjj).\:.&.\.:dj}_w&l_mﬂduullu)iww):A_Jyuﬁ“_;‘j_;a.l_&o))
‘54_:\)‘5‘obl_ﬂQ—H&)‘MJAU_JQJFJ&MOMQQL@AJJ‘F(@JJ_VB)jwv)tjjj_vd}c_msl
st g 2 B0 ST an ol iy Lagg xSt as sl olis sl s CuL:.: el (5 5L

a;l_auic.;();ﬁwﬁw:);oiﬁgﬂu\ﬂguﬁidlﬂ&wolﬂ4_>7-J§|5J_})b|)>1_<}§4_3
4z ol i S Sl an sl Lag sSLaS ud jas to ol pedle .JJlJL;{:_,HJj_lNQ};_mSU il g %
s Ol s a esla iy 3 i el 5 e s s i esla ey (YU lachle s o5, S8 fazaelipoor@yazd.ac.ir

A sl g



-5 RUI S RS CYRVER WA SOVRE NEPS VR

i 11
s

2-_z)
H,5+ 20, —= . 503 + 2H* ()
b 4 Ol (B sla Sty el e
et el Al s 53 O s 4 O3 g et 5

uAJ\jr‘L‘ﬁ)dﬁkJ‘ouw&wﬂ_xs45))\))_99.-)
(0 58 gloa Jusly) 55 o s Dl s 4

lrrs_pl 1 . 1
HS" 4+ 0, ——=5,0/"+-H.0
] 2= 2 (®)
1 - 1 ':i'-_rs:' -
=507 +-H,0+0,—50"+H"
2 : 2 (6)

aIie 53 Ladl s )8 55,55 s~ slag sSL

o 23— [0] Sllan 5 SSb v (55—
s kS ST sla 6 SU 5l s i b alan S 13
S ey Ll b L (SOB) 5,5
bl 2o s LS e 5 0y, Sl
S = llas iy sy g ol L alas § 51,3
BN AREY (U5 O S P VS PSR W N oV P N
e il o35 S axe [IY=VY ] 3 T (gl 5 n
S Vi VPR L Jo R VS RN W W P
Slallae 4 5Lo aS cul o 5050 (Jole sla S,
O3] s G Gds oy )= 201 (i
(Aol Sladlas plosil e dle (55 Ol
Al aS e asls sy s (Silw e 4 5L
Al S sl JaSTy 5 Lasdidy aJS 05,8 s
ST b o sl (S SUE sLa e 058G
S PV=1E AT Wledd a Sl 05 dadd s s
N3 s 2o Ly Al b ol 5l (S SUS glaacr
(Monod) 5 5 4o o3l atsles 31 La il 51 —ans . dlesls
S el sladis oS s diles S eslin il Vo]
OS] G s« Siloe OV e |05 8550
558 S St o 0553 0,55 36 5 o
|y ol e ST o (s Al 3l el LS
Jsmame g m by Sl V] dslosls S5 (s 55 5
o 33 Ol WLl (product selectivity)

g ok = et g (63,05 (Sla g sl g5 — sode el fuad

FPRVPY

ol oS gl U sl b T on (i sladiyl b
sl SLS el 5 65,58 SLoS 5 3 5l st sl
O3 sotended) e [V ] 35 o i 5 55 Ol Ol e
S el 5 2l s s e ed N S (HS)
S e Sl s el Ly b 5l L3 sl
S o el 38 O30 ddl 3 45 B La O
Dl 0 A5 Dl g g0 (gl 4 S 0l 5 pds il
8ok 6\.&0@YL{: BEIRE- EEg [ EE T OGN [N
Jgmann sbar 5,5 O 5105l s Bl (sl
ol L Sl e o b4 3L 0L e ) )
S sy ol 55 s e esliul el S5l s sl
el e 5 Of S 0uL g Ly 0555 ) e
S G b Sl L a5t e el 35,8 S 8Lk s
635 S Slinte K03 580, an o 5 kil S
sl sl g Ll Gl S s
Sae Jdoa (e sy G Sl esliald ol e e
IV el 0,8 Sl (Slhes slaan a5 55 51 YL
3,58 ez slas St sleslial Uy e i
Itz sl s, s i s ol A5 e
s Al 55 Ol 31 05 e el s By bty
G0 gl A8 e Ot s s (ST
Sl maly sl s am by e ONSls GRS
il 53 [¥] 5,28 55 esli il 55 055 e
L5 (e o815 ) Lol plil ) 65l 0 (e
53,58 OS5 K 5 O3t did o iiLS]
Sy ()5 (Sle Jsmams sty 6 s 5,555
s 93 Ol e dm il (ol J 5o Ol s 4y
u.l”._".l_mSlc,.w.u' Lo ea [¢] oJl—A&:{: 9 OhS| 05 5
sla Sty G b 5l Ol o 1) O3 aodeaded s (551 5n
SS A

H,5+.0.50, = 5% + H,0 )

5 4+150 +H,0—50] +2H" )



wsbe i o bale 5l ud arulS ais dal g 055 el oo
STl Jeolo b sl o iy Lol
OS] (U 03 5y o i 3 48 s Al Gy s, S S
O5oheaded s Bl )y canlllas () el 5 Bs

e ool oSV (58 VL s ol )
el Ve s G o (s ol 58
Sslrz o b0l ,e) dolze sla ) ¢l —
S dols SN e 55 bl e 5 (b
T PR S B G [} PPN WP W PRy Wy
23 055 4 ol Sl DTy e slaadlye
b a sl oyl oy sla Slo =1k
> S s La Blo ol 055, S S
3 G @ASL 5 e 5 J s 05T 032
ooy IR WP S GO PR W - O PR W W
AT 552 a0l a3 ials cl 55 5 s sl
S by Jue (A byl Sllas e
Sl Dl (555 Olse a5 ol o3ls s 5
Ay Olazon (LSt 8 8 B 5o Ly Jpas
Sl a8 S s 3 Wi 55, 8 S 4
il el o e S lee (7 5 ) gls STy
O3 S aeS Loy (St slaadlpe 5 ol sl o
B $n i 3 AT Snasls s L
=5 (PSO) &l 53 el ol s 3l eslinl L

(\ C,‘._w}ﬁ) Lled i

(2 Al go (paodd g Wil )5 Silw Jwo Y
&L 3 dds v b ST, s, Sas o) Gl —
Jde SVslrs 0351 s gl 5 4l (=38
0l S s e S eslin il o> sli 15
0> S-S Ad e 5 ol S (s gla S|

.A:A_w\‘)‘}_fsbg.)j‘)b

35 58 53 Gigsadadgw 0y 4ijlge VY

Vs (dcﬂﬁ:_s) =K B, 50 (i;ﬁ:s -

C; QA
dt a5 a.-_H:S) L ( )

e i O Dspteaddlew Blo ilede

2 3 = edls iy 5 (DO) J st 05T 05 5
DAT Sisblan 5 saslw il sl od b8 La Jube
San S S L e 5 Ay L
5 i 2 (OUR/SUR) Aedd 5o B e = 1y O3S
G238 03 538 by 05t s s bile 4y | O
4525 sl ,— Thiotrix a8 31 W] il SKen 5155
Gy Sl S Al s 5 ds S esli ol L5
o Laol s s>y bLS,IDO/S s 5 J gaes
53 sbomn 8581 Ol 51 0 48 Ky e o
Sl s S mn LA SL sl iy cbale o omen 5 O
05350l oo ol OF 5 48 aiS o olsal [alus]
30> J e 03,5 5 odd s (g e 5,58 4
(Y5) ln (aS19) 35 o Sy i | OF 51 aw
Oldizs , s glaanl L osline ol d> L5 4 S
A3 g 03,5 pan 1) J sz (g s DLl S 5
Iy (5 bl S Ol e o 55 [VA]
OSasdeadd) o JLluSt e O e,
sl s il 3,8 S okeSu S| la s SL Lo s
3G 3,88 an O3ssdeaddly a6 SIS
5 (Vs) lo 2sly) clilpn o5, 88 LSl e
M s 4 O s s s ST 55 e
BERGE PETA )'l&__w_a@.)'): Ol s sl (¥ 22T 9)
o303 Ol Loyl el s p s am (S5l Al
G il 3l ls (S 05 ST 5 osls i O35
3555 am DMl S G o o3l i 4 05
i ol S 2 5 258 8 (e Jmame 3 (5 e
O3S0 5 (85,0 e a Lol il omon 2w Ol e 4y
(oolo i) 05,80 5 (65, ko 48 S5 500 32 23,5 a0
o 5 S Joled Laol il Lacs e Sl 5o 585 40
O as 355 5L 5 o O dadd) e |l LS
el (1 2ST) ElS) gl ek o S il e 1 55
Jogos 35 nST 05 50 5 dome Sy yon 3,505 b, b 1S
inlaST e ol 5 e sl o i s ol O
Sl o Y Ol e 4 (Y 2Sly) Sl a5, S8
L gdoee 5 Cdls doal gt 5L gl ads e e coid (6 2l
il LilST s L Soo ool il 3 s O3S

= ot i 53,1085 Sla sy by s ke wlifud T



e G O 31 03930 dedlsw Bio 3ludie

053 o it S SR SR O s S
Sy 5 (i 3,5 S 4 OFsde s LS
0530y Soesls Sl (o S K2p5 5K 1y ¢
Ko, (e e . 5) JoulS 5 23U 2lust sl
K (oo s 0,5) slome 05eS) (Sl ol
St ClKpgp (OS5 ds il s Susls5L ot
Sl a2 B (celn ) Sl a5
ol (Amy O50) sl

sqalo 31 30 LumS oy 4330 F—Y
QAD)
~Cy, )1 - 510y ) =572 (oo )V, —sr3.0. 1,

" dCpg
S\ dt

5 CED
- | =K, J—
) e (Hc;

—srdtg_p ]

L

= 515715,V = OURgV,

53OSt edile 5 5 4y Cgo,0Cro, OF 53 &S

S 5o 58 gl G SOl (s12 Usrl)sr‘jK}@u)’l_?e
OS1 G mze 7,5l La ST 5l plus 2 55 O,/S
53,5 iy i VE asles G b 5l 015 e |, (OU, )
5,5 et 553k V0 adslan oy i VY dsles e

O
OUR,, =srl.r_

dlyp
(=

ey St G bl =l s s oWy o
daly b Sl y g5 5 e 5,558 05 sl 5

JJ—";’JA }.g_.«.; '”J—l)

F.+S‘?"2.‘J"SDE PO ot T oy T

. CG_E‘.
=K 85| 77— = Cro, |~ OUR
@,

&l 3 30 Slidgw sly 32 ijlge F-Y

(Vo)

d'f:,_scf‘
( it ]z"'"sef‘-::*"-'"s +7rs QhY)
E=0.Cog02-=0  cadsl bl

53,58 LSl s an Trs 5 g Ol )3 aS

vy ok = o ign 63,15 Sla ha s 1Aty e (g — sake anl fuad

P Sy T

t=0.Cons= Copas ol Ll &

oLl ——55 4a—CousCus Ol 3 S

(oS e 0,5) 58 5wl 5L0 3 O35 dmdl s
HHas ¢(g,_x.<.ajia) )lf 9 Cﬁ'u 6u)b ("_??VG )VL
Kpau,s05 5l p (gl (U 0500) (6 =8 <l
e O3k s Gl (S e Sl 5
la;lj_n: Sewlazy J.;L; .(c,&l_wj_;) | @uju
;).sj_i aslsl J_.J =l 58 ‘_;L_A)'Lé s h.i\j_..;

Ll STy A St

sqalo 36 30 Ligyabndlowm £y 43l Y—Y
V)

dCyps Coms
i (T) = Kbﬂx;s-(a— Crm, s) = () ("”so -,-) V—trsp Wy

S8 e sib sl Sy Y adslas o 93 S

SUR =T5_F.+T5DE-_F.+TT5_F (/\)
A0 5,5 Comys

Tt e = q
( — ) Kpay s (H,u, r:M_H:SJ sur )

E S0k i e Msoz—p) 5 (ramp) U1 13 oS
Sy 5 aie 5,85 s Ot s LS
Gt o i i V) ) SWolre o b sl as e
FPRCYSNE IS | P PSS PEPCIE R
)

Los
X
':C,,Fqs:] Hp + (g,

I:'_I.,_.i"."--S

Tip = Rogan -
Klas+ (Coms) +

QA

Lo;
LK
(C.,F s Ko+ Cpp,

Cy, Hy§

TSD - Ri"’ axX2 "

K25+ (Coms) +

Trs_p = Krs_p. {CL_H:S}S (v)



Sl el (St glaad o nd s 30 SYslas
lmesls aglis 51 0155 oo (St Sl adl e (oS
oo ol 53 S eslial dis sloa o he 5 (2
=l OF sl 1 5055 ol St gln ad) 5o Uzl
oS aypr mal s e aslie o slie L JUe
23055 Sk Sl e b ame &) 5o Yyans
s 0l A loes 345 e i a3 (SSWE) s
3 s e S P Sesle il L
A A A C.gL?l.? ol C‘)’Lwl (oS Sl ad go (Lot
slacble jlasdlas ol 55 dew 555 i (0 F0S
= o S s 52,858 (Dl s O3S

sl sl esla ol 4

(Yy)

n
SSWE = ) [wy(C7% — CF7*%)]?
i=1

Jolwze gl s e 83055 s oW, OF 3 S

sddodalie colale C% (g Soslul a3 05, S
sl Jde o 5 0l B0 ) e dale O 5 ()
e a3kl Gl il oy Sne W, aallas il s

(v =ﬁ) RGN PSS W 4_'13; J_EJ 33 ol sdalie

el g Sl lds LSOl g 4S
Do Jhasess 2l 05, SweS ¢l allas ool 5o

IS gesla Wl () o) Ol )3 el il i
MARLAB 7.7 Jl5 3105 53 s oy sl 5 ol alons

RGSUY IPNS WY rl_>u‘

iy guiny ¥

diwgails 49uS1, -y

3 O3t ded) s s Sl DLt lT plil 6l
w5l 551, Jols A bl s gazma 5l 5,5 O
oalaial VY ey A5 L5T alde 5o () JS2)
e [5a s S w5 5 5 s eded 35S, 0503 )3 A
Gl =Vl Ghyls 5 sSTy l ede e sl
JSo 5o a8 s bolen s e 5 5 5L (5, S sl
osdle A i3l as gaze ool ol o esls 9L

e i O Dspteaddlew Blo ilede

QLSHQ_,_:C,_HL'G CL-,S‘O_‘:!_)JJ)J@;Q‘J’J\/\}

\Y)
C, Kepiees Lo,
= ngrs- L5 . Switch . o) ¥
= K+ Cps Kowiren + CL.H:S K, + CL.I:":
OA)
Cors Kawicen L0y

X

e =R . - . . .
= max TS Krs + Cors Hawieen + ':L_H:S K, + ':L_I:":

Em i o5 5% Rugrs 3 Rppgs O 0> 45
5SS o) SMsnsd 52,58 iy LS
G bl Cprg 5 Cps (Colw oo p_fﬁ
(S 2o p,5) e 50 s Sy 55,58
O s 0l S J 1S 4 S el i o s Sl Koyieen
sl esln 035 s 53 bl (e SN s
05D a5 Cbale X5 (enSl e 1 0 5)
) (S 20 s

Ol gmwiged § (S ymiais 35595 Slymi £y diilgn O—Y
éilb }u L

3 (rs) g Sl g 5 (Fsp)a )5 Sl
(V4 aTsles) Sy e ol o uHuJﬁM

dl; 5
(?] =r_p—T (\a)
d'f-_:,_trs] _
dt =Trs_p —Trs (Y+)

&b 31 40 00gicumsy Py 43zlge P—Y
(Yv)
dX
(E] =Vym t+ Fi(;_-..-si-}-"'”s—ﬁ +¥ (x5~} Va0l -p + VyprsiTrs
céjjﬁ 4Q)j)-’\1ﬁ)~:ﬂjj_w C,_kl& QAJJT C—wd (5‘_;—'
\% c-\ c\-\ c\/\ c\" C)YJ{-’J 44 C,_-u\ )l—;J 4dl_ﬁj A

Pélﬂ)LHP&l—A}VﬁQ)H@Y\ }\Vc

= ot i 53,105 a3 by asp— ke i TR



-5 RUI S RS CYRVER WA SOVRE NEPS VR

o0

_b
Aol >

oD sa ekios-C O plemB et gl 5 5S1mA (35 O 10555t s Bl AR LT 4 peme Slsp b)) IS
Ign oS w5 55K 5 bos o= 25T 535 1l gloa-H (25 Ol 035G omle (58 65l JorF 8 (S i sad Jone B

Fig.1. Experimental set-up for kinetic analysis of H,S oxidation in sour water. A, Batch reactor; B, water bath; C,
air pump; D, water pump; E, gas sampling point; F, water sampling point; G, sour water vessel; H, instrument air; I,
temperature controller; K, air sparger
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Table 1: Cultivation medium and trace elements solution
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(5) 32 poli Jsboe (45) ho! i Lo Jolone

Na,-EDTA 50 KNO; 2
ZnS0,4.7H,O 2.2 K,HPO4 2
CaCl,.2H,O 7.34 MgSO, 7H,O 0.8
MnCl,.4H,0 2.5 NH,CL 1
(NH4)¢MO;70,4.4H,0 0.5 NaHCO; 2
FeS0,.7H,0O 5 Na,S,0;.5H,0 5
CuS0,4.5H,0 0.2 Trace metal solution 10 (ml)
NaOH 11 Distilled Water 1000 (ml)
Distilled Water 1000 (ml)
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Table 2: Morphological and physiological
evaluation of the colonies
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Table 3: Runs carried out to calibrate and validate the kinetic parameters of sulfide oxidation
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Fig. 4. Validation of the kinetic model with experimental data obtained from run R4. Fig. 4-1, experimental
and modeled sulfide concentration (m and gray gray line, respectively), experimental and modeled thiosulfate

concentration(e and black dash line, respectively), Fig. 4-2, experimental and modeled sulfur concentration (¢ and
black solid line, respectively), experimental and modeled sulfate concentration ( A and black dash line, respectively).
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