5 ) G gl U g Adll & plal) 4 guland) ldliall i ol galal) A dlaal)

e (5 e Al alalS gaia lad sl il de Jal ¢ pad G e
obaall g Al s o1 930 5 g 850 a1 930 5 0 lall 80 55

Biological treatment of organic waste polluting the
environment and bio-hydrogen production

Saad H. Khudair ,Amal A . Haloob ,Iman H. Qatia ,Ameena Gh. Abid

Department of Environment and Water Technology Researches, Division
of Pollution Treatment Technology, Ministry of Science and Technology,
Baghdad, Iraq

Abstract

Thirty four local isolates of bio-hydrogen producing anaerobic bacteria were isolated
from samples of solid waste of sewage plants from different regions using liquid and
solid mineral salt medium at initial pH of 7 and incubated at 37 °C for 72 hr. .

The ability of isolates was tested to produce bio-hydrogen, using liquid production
medium. Results indicate that the bio-hydrogen production in 25 isolates cannot be
detected, while 9 isolates showed the ability to produce bio-hydrogen and that theAn-
18 isolate showed the highest level of bio-hydrogen production(34 ppm) after 72 hr.
of incubation at 37 °C.

Anaerobic isolates producing bio-hydrogen were identified based on morphological
characteristics and some biochemical tests, results showed that 7isolates belong to
the genus Actinomycessp.and only two isolates belong to the genus Clostridium sp.,
Then prepared the mixed culture from 7 isolates and subsequently was used as
inoculums for hydrogen production medium.

Inoculated the bioreactor containing the residues of agricultural and household by
mixed culture (1 ml/ 50 ml medium) at initial pH of 7 and incubated at 37 °C by using
water bath for 20 days ,and subsequently was estimated the amount of hydrogen
produced in every day. The results showed that hydrogen production was started from
the second day (12 ppm) andreached its maximum production for the period from 14-
17 days after the start of the experiment.

Key words: Bio-hydrogen, organic waste, Actinomycessp.

aldiall

L5 alasiuly ddlise (3halie (a5 (5 el Cillaas ilalig - 3lai (g dglae 40 aY 4 )0 A je 34 il e
delu 72 33 237 30 a daon Guanally 7 sl pl) 53 Glaally Jilud) dpiaeall ~3Y)
e LS sasi A e 25 () i) & jedal s es gl Gan s sagl) e gl e Y all 5508 < yial
Slo eV AL e LIAN-18 Ajall (s WY e 4LE @Y je 90l Lad (gl Cnn s _ael) L)
£37 501 Aa p Ailiaal) e de b 72 2 Gan 5 )08 34 ppm Ulaiey 5 LY

Cany 5 A yedad) ciloa sadl) e dlaie Wl (5 sl Gan 5 yuel) Aniall 40 5830 A Sl Y jall cuads
2523 hadd il je 5 Actinomyces sp. osiall 3928 Lgia Y e 7 b aa g Cus oy gon gal) Sl gadl)

26



Al Zapdl GY Rl e Al de el Al s laae cClostridium  sp. osisll
AGa A el 8 Lgaladtil el Actinomyces sp.osisll

50 /el ey 4,8l de ) all dadiy 400 jiall 5 dpe ) )3l il e g glall (5 gall Jeliall =il
o ca s 20 32al (Al alead) alasinly 337 3l da )y 7 (G soap a8 93 oo )) auy Jille
12 Jlsiars (G o sall (e 02 Cnogohel) Ul il & pgdal ¢ sy JSTy griiall (s higl) ApaS o ,08
CRLANL e padll ed e as]7-140e 3580200 ppmebadl alul aclailly aiul sppm
RE

Actinomyces sp. ¢ gaall Claliall ¢g sl a9 Hned) Al SISl

dadial)
iy A Al e Sl bl ; o
5 2 sl I o Jall el R \
A jlaas faalall Cay) il S8 ¢ GO, ila e ‘] el =il = d"i“‘“ﬁ“@ =
G By Al jaads e el Sle Ll ke X }A}‘".Ub%’"‘u !JJM
A g SIS Coj o o 3 i&;%u O by sl J il s (5 sad) Gl e
Aily e Alad s FRRE PPN s 05208 803 ) e Bfin Y Ol
« S 830 ot anlu JSUia (sf oy Y 4B) jial ind

Glial e salgall dddall o) ) AdlaWl el 0 sS5  ossall GOAN b ol Sl o
cﬂ}\.d\ ).:S\ 5« 2075 Jalas UA}JAA@J\ N " (1)- Al
(0)gosm VN2l 08y 5 G alal) 30l i)

b aladiul e daalill Aall &gl Y aea
il e daall Cagadl s Al Ul
DbaaS aa g uedl Jle ) Al et jall
8ale 2my (i gyl )y LS ecdai g Joy Al
SN UWla iy cleliall o ytall Ldauy

shas Ge gl G s sued) ZU) dalee 2ad
il Aaga (5 5an I3 Al (8 5 )8 gia gy Ba2na
saie dse U gl iy Gl s
Gaob oo Al dane ol Al 3 s e Labiad)
e Ay Al sed) Ay pgaal) clall Al

(s Al A5l M gas il g I die Cililaa ()i, Gk
Gl 23 (g sl LY gl (350 ol slall Sl el dlail) —]
Clilie (e ) dalily ol 3 aaay g e g S 5 nell e Al cpsSisale) =2
(7) Adlinse 4y &Y da s A8l Ayl all cillall =3
EEP NN R N TN TRL | R st R AL
Jandl (&l kg 3) gall Adle 48 55 I Letalad allh g 45 hadll
Zilall) gan Lpalal) AL ) il JMA Y Cagas] 388
Gl Glilie il e 10 Cen Crsodedl ZWY damdalll okl s
Conia g ealaty Ade (g Adlide Shlic (o 4ba ((3)ledt LY CallSi (alinil sy (5 sl
Bl Aa )l dalzay Al cilygla (8 Cliell 45 glall 4 gazanll clalaall aladind e Lelial
_e\.lil.uY\ 0#64 aﬁl.k C\:u\ L.A\ LSJ}-‘ Lo u.u\.u\ 3alS :\_u.\ﬂ
sasS Al clilial) g3l (e 10 a2t st G 2 Ly el s
Sl sl y 450 Apeadll sla¥l Jal Roenall elall Ak g o blde)
i ) " LY saldl o gl lagi G deadiodl
Sl 50 Aal s V) dase ey gl e e M
Aol 53 sl el amala Jslae s . (5) gL Anssinsdl
3 dasy delu 24 5ad 3 ‘;.\,-,\,AJJJ.-,\-QJ\ idaud g eldll L“SJJAM ‘;1‘5...45\ B2 |
7 S casougdl Al Jae Laae ) . ult;u\
G sNaoH e)_-!d}aaj\ KILPERTTY e\aiﬁ.u\__} & pall )AA_\?};AQ 2
EJQJ aclu 12 324l e 37 BJ\); 4AJJJ Cﬁuﬂ\ (‘M\ .)"“A"A:‘l‘“; -3

2 g8 4l GL:L\A;Y ‘;A.,g_)ﬂ\ Ualaasyl id,\ i

4 ) elaat¥) J)
242l sl Je A il 3 gl 31 i) Y Gl el b

27



(30-26 ):2015/EIE aaad)/paldl) Alaal)

‘,\H\Jejhﬂhm\Jﬂy

Slo LB & el Lgie Lt Y e Qo) il
Ol saill a5k Cat g gal) Cn g puel) L)
Dhay s Jlall Aals) Juadl inlAn-18 Al
gl (e e 25 adaid &l Lé 34 ppm
(1)d s Al Gk s o gl

Adaal Al oVl A1) Jea

conll g ngdl zu) e Al
@M?ZbﬂeS?bJ\J&MJ.\AMU

u.\:}JJ.\.QJ\ 4..:;1..\4\ uYJﬂ\ G
(PpM)cs sl

13 An-3 1

28 An-7 2

30 An-9 3

29 An-13 4

29 An-17 S)

34 An-18 6

12 An-25 7

30 An-29 8

30 An-31 9

e Ll s d(nd) | 4 25 | 10

N

S Al A Sl A Sl Y al) Cuadld
Lokl clall e aldieWhs Cpag gl
O (2)dsx ek s el Clia gadll Glany
Actinomyces sp. (siall g8 OV ) alass

Clostridium sp.. cuiall 2 g5 Jadh Lgia (Ul je

Lsll ey all A adddl ((2)ds
g3 O g gl Apdidall

Clostridium sp. An-3 1
Actinomyces sp. An-7 2
Actinomyces sp. An-9 3
Actinomyces sp. An-13 4
Actinomyces sp. An-17 5
Actinomyces sp. An-18 6
Clostridium sp. An-25 7
Actinomyces sp. An-29 8
Actinomyces sp. An-31 9

O Adlide £ 53 Je G skl (e aell (S
Q,)_;}JJ,)@J\ G\:\J\ ‘_Ac E‘)Jm\ 4,3)@;.;05\ LaY!
Oy A8l a3y Al sl g hall cad (g gl
LR e 22l e\ai:u.u\.u Aalis g CJLA.}
Al el o) W) el 3aleS A gaaal)
C. Ji el aiClostridium  paindl 4l
C. ,C.thermolacticum<buytricum
C. 5 C. parabuterificum,pasteurinum

28

JLdly clall dpaall Z3WY) oy addiul
G vl Z Y 5 4 Sl @Y ) 485 5 J el
(D /a0 0585 (5 eal)
1- NH4HCO32.24
2- NaHCO36.72
3- KyHPO,40.125
4- MgCl,. 6H,O0 0.1
5- Organic waste 10
slall alaaiuly ille 1000 ) asall JaS)
i & (7 G s uedl @8N oy kil
zi Jslan (e il 2 203l Wazy Baa gally
Alle 50 anay Ao )3l JalugVlagll sl
Ll ¥ Al Cilage Adlaa A8 45 yanll
Sl SOV e daul s Asdldl de sl
4;).3.1 )\)@J\ u.;a\;l\.\ c_um} u.\;.mS}‘}“
4.\45 &_UAS dela 72 Bl e 37 o)\);
alatiulyy Y el ddaud g il G g aell
Y 3l CATY G s ovel S5 il Sles
.(9) sy

de jjall Iudd julaas

gl o LSy 4,0 al el QA aey
Bl dpaeall ZOLY) Loy pan s gl
Ly @Y ell oSl Glladl Ao gy canil
gkl Gt aa g A e S gille 1l
& ca 37 30 a AL Aol 72 saal 441 a2
(9) g3l Jelid) el paa

plaly (5 gl Jolial) Ao 53 (gl L)
dadyl)

A il 5 L) 3l A (e paS 10 pasiad
Gl Jelidl s Jeadil 4:ldaans
Al ZOLY! sy alaiiuls il 20 ey
de el Liliy (g gl Jeliall il Ly (Jill)
Lo yille 50 /ZW jille 1) jlaay s 4y sl
bl oSOV Ol aadill (=)
(e 5 (A0 a3 ookl ) S 5Y)
phaiul o 37 3l daju gaall Jelid)
S LS OB e 2082y Sl alaal)
(10) )ase JSIs isall (a5 gl

dEBLaY g gLl

ol g J jad)

glai e AnlaY A0S0 Aje 34 e
Ly alasiindy ddlide (3lalia (e 5 lal) SEE
dela 72 BJ.A](;37 EJ‘);A;‘)J.) u,\.a;.ahj
oAl A S A IS el s aaay
72 2 el Gmooud) ZUW e Le)d

oR @ 37 8l da oy Alaall (e Aol



(PPM) sl Ca songd) SaS 5

225
200 +
175 ~
150 -
125 ~
100 -
75 4
50 -
25 4

(30-26 ):2015/EIE aaad)/paldl) Alaal)

(ps) <5

G oseal Gmgungd S dal(2) Js&
ey el Jadd ddad g Al g gall Jeldal)
Baal 337 B)la daun (daally 4y

Adlid, Ll

AL clalaall (16)0})';\} Mohan pasiul
‘; Lﬁ).-.‘éj‘ Q:\.;j‘)qg@\ CU.N QL}SY\ aclial
Gm sl ey 3e sty e s olia
Lof @V el saall Jelidl A8 s
U_;aﬁ\ o C:\UJ\ U'.\)@.L\ (as 50 3l (P2 g
Laliihs 4 i) ey (e a g 37 2y CulS dal)
Os A3 Ren Wl cag /dse e 2.2 W laia
oy 953:\;3\ Jeladl addinl 3 (17)
pladiuly B il de ) sall 46y sl a5 el
o) 1 iy adall A & 5 Y e
e ps 40 2 (ps /0814.99)dn il Juadl

Slua ¢il) g claliiiuy)
LSl ity Lggle Ulaa il 35l DA e
Sle 3,008 dalisg Ay Sa Y 3o Je Jganl)
e aladinlyy gl i uedl ezl
G Llaall Y el gl s ddbide Gl
Adad) e all o il ey WS dlggle Joany
2508 all Aatidl 5 480 el Al (g A1 g sal
Gl e dendiaa) dgdladl sl
O Z LY o s (5 s
Sla gl
2l A Jall 2 3lai o) 5 g dlae ) (8w gil) -]
Ly sl Y )

‘,\H\Jejhﬂhm\Jﬂy

A0l aY 4 eae el a5 bifermentans
o) Ole ZU) LeiSays Gl sl 43S
(12)¢(11) saill aijle sl ) shall dla ye JBa
die e (13)kumar and Das ¢S« Lad
5,38 @l Al Enterobacter cloacaeb x5S
29.6 108015 s sl a5 ouedl ZU e ddlle
GsoAals Taguchi glaindy ¢ deluw/dge e
LA Ve e o die oe (14)
L6 el Sl Clostridium beijerinckii
/9 2 -1.3 O o) )T Aty Slall Zll e
OSaS 28 (15) gaoals Koku Wl ¢ 35S 418 Jsa
Rhodopseudomonas LS Jdie (e
e gl e syall @l Al palustris
O Adlide gl gl aladinlyy sl (a5 el

(bl 30U (5 gamaall Cliladl)

sl Jeliall 4 25
Al o) 51 e A Sl Y gl Ials s
L @l sActinomyces sp. il
i) o lell sasdlaliy) e oY)
gl delid) dashic & sl G soud)
Aially Ao )l cldad) alaaiulyy (1)dss
e il by el Jelidl il il
2 e by Jilla 50/ sille T Janay g 4y,
Batch Aadall alai aladinls 7 s goue &
zlull il o ekl a5y 20 33l Cas sculture
Sl el e s el Gaoud) Dl
Sy abasVL il (12 ppm)idbasdl
17 A 14 e 3581200 ppmd) dead (a0 )
Al S5 el un a8y (2)dSS
Ve ol il g saill Jasy 8 A gl

A S Y el sas
H; gas pH/ORP
monitoring —®— meter
system

MS

LY dadal) sl (o gaaldl Joliall 4 ghiia 3(1) JSi

29

A gusan) Clalaal) pladlialy g guad) (s g )



(30-26 ):2015/EIE aaad)/paldl) Alaal)

«,\H\Jejhﬂhm\Jﬂy

gl (S A sl de ) he bl (e 523 -3
3l 304 3 3 paiisall Ao jall A4y Hla ) el
s

10- Wu K.; Chang J.; and Chang
C,(2006). Biohydrogen production
using suspended and immobilized
mixed microflora. J. Chin Inst. Chem.
Engrs., 37(6):545-550.

11- Collet C.; Adler N.; Schwitzgu
J.; and Peringer P. (2004). Hydrogen
production by Clostridium
thermolacticumduring continuous
fermentation oflactose. Int J Hydrogen
Energy ,29:1479-85.

12- Liu G, and Shen J.(2004). Effects
of culture medium and medium
conditions  onhydrogen  production
from starch using anaerobic bacteria. J
BiosciBioeng ,98:251-6.

13- Kumar N, and Das D.(2000).
Enhancement of hydrogen production
by EnterobactercloacaellT-BT 08.
Process Biochem ,35:589-93.
14-Taguchi,F.;Chang, D.; Takiguchi,
S. and Morimoto, M. (1992).
Efficient hydrogen production from
starch by a bacterium isolated from
termites. J. Ferment. Bioeng., 73:244-
245,

15-Koku H.; Eroglul,ucel M.; and

Turker L.(2003).Kinetics of
biohydrogen  production by the
photosynthetic bacterium

RhodobacterspheroidsO.U. 001. Int J
Hydrogen Energy ,28:381-8.

16- Mohan, S.; Babu, V.; and Sarma,
p.(2007).Anaerobic biohydrogen
production from dairy wastewater
treatment in sequencing batch reactor:
Effect of organic loading rate. Enzyme
Microb. Technol., 41:506-515.

17-Ren, N.; Chua, H.; Chan, S;
Tsang, Y.; Wang, Y. and Sin,
N.,(2006).Assessing optimal
fermentation type for biohydrogen
production in continuous-flow
acidogenic  reactors.  Bio-resource
Technol. 07.026 (online paper)

30

GSY) e el el il i g lall 203 -2
gl G uedl ZlaY Gl

References

1-Kapdan K. and Kargi F.(2006).
Bio-hydrogen production from waste
materials.Rev Enzyme and Microbiol
Technology, (38):569-582.

2-Nandi R. and Sengupta S.
(1998).Microbial production of
hydrogen: an overview. Crit Rev

Microbiol, 24(1):61-84.

3-FanY-T.; ZhangY-H.; Zhang S-F;
HouH-W. and Ren B-Z.(2006).
Efficient conversion ofwheat straw
wastes into biohydrogen gas by cow

dung compost. Bioresour Technol
,97:500-5.
4-Das  D.;Veziroglu  TN.(2001).

Hydrogen production by biological
process: a surveyof literature. Int J
Hydrogen Energy,26(1):13-28.

5- Meng Ni.; Dennis Y.; Michael
K.H.;and SumathyK.(2006).An
overview of hydrogen production from
biomass.Fuel Processing Technology.
,87: 461 — 472.

6- Armor JN.(1999). The multiple
roles for catalysis in the production of
H2.Appl Catal A: Gen , 176:159-76.
7-Levin D.; Pitt L. and Love
M.(2004). Biohydrogen production:
prospects and limitations to practical
application. Int J Hydrogen
Energy,29:173-85.

8-Taguchi F.; Yamada K.;
Hasegawa K.; Saito-Taki T.and
Hara K.(1996). Continuous hydrogen
production by Clostridium sp. strain
no. 2 from cellulose hydrolysate in an
aqueous two-phase system. J Ferment
Bioeng,82:180-3.

9- Fang H. and Liu H.(2002). Effect
of pH on hydrogen production from
glucose by mixed culture. Bioresour
Technol ,82:87-93.



