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Abstract

Human activities, such as production and consumption, generate waste that pollutes environment.
This pollution creates unfavorable conditions for humans and other living beings. Microorganisms,
however, offer potential solutions. These tiny can be both beneficial and harmful to humans. While
their negative aspects, like pathogenicity or corrosion, have been exclusively studied, this review
focuses on the positive potential of these often-threatened bacteria. Here, we explore their ability to
clean and biodegrade environmental pollutants. The review draws on research conducted by the
authors and other researchers, examining how bacteria responsible for corrosion can biodegrade and
purify various pollutants such as PCP, pesticides, detergents, and even bioplastics. Since the
biodegradation pathways for these pollutants have been identified and their safety for living
organisms considered, the use of such bacteria for environmental cleaning is recommended.
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Introduction

Pollutants are usually caused by human activities. In other words, the result of production and
consumption creates more waste, which causes environmental issues and unfavorable conditions for
humans and living beings. In bioremediation, microorganisms are used to break down organic
molecules and convert them into simpler compounds, which may reduce the toxicity of pollutants. A
number of microorganisms can biodegrade hazardous chemicals. These materials are then used for
their growth and metabolism. This article discusses the biodegradation of these pollutants by
corrosive bacteria. Microbial corrosion is a major problem in industries, leading to high repair and
replacement costs. Extensive studies have been done in the field of biological and microbiological
corrosion. Iron oxidizing bacteria and sulfate oxidizing bacteria (SOB) are among the effective
aerobic bacteria involved in microbial corrosion. Additionally, the genus Pseudomonas and other
bacteria that produce adhesive enamel layers play an important role in aerobic corrosion.
Considering the special metabolic characteristics of corrosive bacteria such as iron bacteria and
types of SRB bacteria, the ability of these bacteria to biodegrade environmental pollutants is a very
interesting issue that has not given much attention. Therefore, this review article discusses the
positive capability of corrosion-causing bacteria for cleaning and biodegradation of a number of
organic environmental pollutants.

Material and Methods

In this review study, articles related to the biodegradation of chemical pollutants in the
environment were identified from various databases. Selection criteria included relevance to the
study purpose, the quality of the presented material, and the availability of necessary data within the
articles.

Results

The study found that corrosive bacteria can biodegrade and purify various pollutants, including
Pentachlorophenol (PCP), pesticides, detergents, and bioplastics.

PCP, a widely used pesticide and wood preservative due to its effectiveness against bacteria, can
be broken down anaerobically (in the absence of oxygen) through a series of reductive reactions.
This process ultimately converts PCP into phenol, which can be further degraded by anaerobic
bacteria into methane (CH4) and carbon dioxide (CO2). . Several bacterial genera, including
Desulfitobacterium, Dehalobacter, Anaeromyxobacter, Geobacter, Desulfomonile, Desulfuromonas,
Desulfovibrio, Sulfurospirillum, Dehalogenimonas, Dehalobium, and Dehalococcoides, have been
ifentified for their ability to decompose PCP anaerobically. Nitriles that have one or more cyanide
(CN) functional groups are highly toxic, carcinogenic, and mutagenic compounds produced both
biologically and chemically. They enter surface and groundwater through factory discharges.
Additionally, they are used in the manufacture of acrylic fibers in the form of acrylonitrile,
sometimes together with silver and titanium nanoparticles for the textile industry. These fibers then
enter the environment after use of disposal. A study found that these fibers have a detrimental effect
on beneficial soil bacteria such as Bacillus species (important for cellulase production) and
Rhizobium (essential for nitrogen fixation), destroying them. Therefore, microorganisms that
produce nitrile-decomposing enzymes, such as nitrilase enzymes produced by Klebsiella,
Alkaligenes faecalis, Pseudomonas fluorescens, and Pseudomonas putida, can be a solution.

http://dx.doi.org/10.22108/BJM.2024.140287.1577
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Amidase enzymes act on nitrile compounds and converts them into corresponding acid and
ammonia. While some of these bacteria can cause corrosion, this study proposes their use as
biodegraders of nitrile-containing materials.

Dichlorodiphenyltrichloroethane (DDT) is a colorless, tasteless, and nearly odorless crystalline
organochlorine compound. Originally developed as an insecticide, DDT became infamous for its
detrimental environmental effects. Under anaerobic conditions, the first stage of DDT degradation
involves the production of 1,1-dichloro-2,2(4-chlorophenyl)ethylene DDE. This process differs in
aerobic environments. Several bacteria play a role in at least one stage of DDT degradation. These
bacteria, including aerobes and facultative anaerobes like Alcaligenes denitrificans ITRC-4,
Shewanella decolorationis S12, Bacillus cereus, Pseudomonas putida , Serratia marcescens DT-1P,
are also known to cause corrosion. Additionally, strict anaerobes such as methanogenic granular
sludge and Clostridium contribute to the degradation process.

Sodium dodecyl sulfate (SDS), a key surfactant compound, is widely used in detergents,
shampoos, laundry soaps, and toothpastes. It breaks down quickly under aerobic conditions, a
crucial step in its initial and final Microbial degradation. Alkyl sulfatases, enzymes primarily
produced by Gram-negative bacteria, effectively decompose alkyl sulfates. However, two Gram-
positive bacteria, Bacillus cereus and Coryneform Bla, can also produce this enzyme and degrade
SDS. Detergent-decomposing bacteria are predominantly Gram-negative,including Entrobacter,
Proteus, Vibrio, Klebsiella, Flavobacterium, Acinetobacter, Pseudomonas, Shigella, and
Escherichia. Notably, the Gram-positive bacterium Bacillus cereus has been identified to
decompose SDS from separation effluent.

Recent legal efforts to restrict non-degradable plastic disposal have driven the plastic industry to
seek out more environmentally friendly alternatives. These include light-degradable plastics, plastics
with starch content, and microbial plastics. Polyhydroxyalkanoates (PHAS), with the polybeta-
hydroxybutyrate (PHB) as the most well-known example, are a promising class of bioplastics. PHB
is a homopolymer of 3-hydroxybutyrate and can be extracted from a wide range of microorganisms,
including species within the genera Syntrophomonas, Pseudomonas, Alcaligenes, and Clostridium.
However, not all microorganisms produce PHB. Bacteria can completely degrade PHB into harmless
byproducts like water and carbon dioxide. This natural degradability, originating from the PHA
source, makes them valuable for medical applications. While some bacteria capable of plastic
biodegradation, such as Pseudomonas putida and Bacillus cereus, can be corrosive, the potential for
plastic recycling using these microbes is still being explored.

Discussion and conclusion

This study investigates the biodegradation potential for certain corrosion-causing bacteria for
environmental pollutants including polychlorinated biphenyls (PCB), acrylonitriles, pesticides,
detergents, and plastics. While these bacteria can be beneficial for pollutant degradation, their
application requires careful consideration. The suitability of these bacteria depends on factors like
environmental conditions, deployment location, and bacterial strain selection. Crucially, the
intermediate products from during the biodegradation pathway must be identified and confirmed as
non-toxic to living organisms and beneficial microbes. Furthermore, for large-scale implementation,
the cost-effectiveness of mass and industrial production of these bacteria needs to be evaluated.

http://dx.doi.org/10.22108/BJM.2024.140287.1577



http://dx.doi.org/10.22108/BJM.2024.140287.1577

(950 (gl
O7-FY NF Y O UL«..’.IA Lv.ﬁ)}:w dl.w

VEY/YNA L s R o

S i

(2 boad Ol §) Cam 3 Lo SO YT (GHlSTL 15 (T893 ole S TL 8 5l
(DeCowdl 9 Lo g by s dT

rkasra@yah00.com ol 1 ol g (o)l —a Il o8 _tils ¢t S CPNCREHPUTPS U PUPY SPPP S g Ei- * ALl (5l Loy
e.mobarak@alzahra.ac.ir - ol 1 ol 5 «( )l o M o2l ¢ g5 p st edS2ils (655 g S 03 5 GLobiul 15 —caed &5 5w gl

Spmganly 65305 LAkl (O3 an 5 g daly Soke 4. dipd n bl DLl sl 31 5 Y pene Lo VT
5 0Ll Fu55 53 Collasls Loyl 8 e 48 Wb o go 1) (SHSie aeai ) Jils b 5,1 53 487 35T s
L LUl 3 s Ol g sn ol i S ol (sl Jomoly 51 (G Ul s Sin ¢ omat 358 0 055 Sl o
L =il dle i sl 5 ot VT s 5 4 o0 dile ke (slaculad $lias o 59 1) Codled SR
g A oS (o555 Jalo Glags STl ot (Gl 5 (55 m Alie o 53 il s 53 09 Sn (B30
ol 53 3 oh o p T Bamee JT (Glao VT 51 (g3liad s 4 525 5 (3LSTL sl 2 b Ol oy g o0
e O Ay 5 Lo 5 okplonil Dl 43 b 0 SVl I (g31as ol 0k plosil sl sladle 53 7 (555 0 anlllas
Alol s o3liul SleMbl (glaolll 55 o3 Jasms JT (b0t NT 31 (6315 s ) 4 o e p3 505 Olties LS 5
(PCP) slai glaed VT (LuSTL 5 ) 4o oUl5 ( Say55 Jole slag L als olis edeTomsa, =t
o Laed VT (i 5 a0 o (Sl s a0 o a5 Ll 1) eSCaadly S S Sl g aonkty 53 oo 287 5T
L;)'L,Sté5|ﬁu‘gjft_{tj_sc_iljluu;_wm;_.ﬂ\uﬁjwm o) b5 g g (51 OT 03 g5 st o 5 Lilods Hlulis
R

By o oy 53 (a2 ST claedty VT ¢ 5 40525 ¢ 09,500 S 2555 1Sl (S0

T LI s By 5
b 1S E3T ¢ gland SLS ) G5 dame sl VT (G5LSTY 3 (Sa) 55 Jale slags ;SL 3,057 agll (6 juand 655l (g S by 5 ¢ gl S
http://dx.doi.org/10.22108/BIM.2024.140287.1577.08-F ) W N Fe¥ . s Ko aled T j (St 5 Laorkt o5

3060-7647/ © 2024 The Authors

This is an open access article under the CC BY-NC-ND/4.0/ License (https://creativecommons.org/licenses/by-nc-nd/4.0/) @



mailto:e.mobarak@alzahra.ac.ir
http://dx.doi.org/10.22108/BJM.2024.140287.1577
https://portal.issn.org/resource/ISSN/3060-7647
https://creativecommons.org/licenses/by-nc-nd/4.0/).

Yo 5,,4.«5df)l....eqjlj&Lﬁdb;‘_;lf‘.fla-})/gmﬁjL?udhauthdeLS\%):;:J}i-ansusjtfl{:ﬁ)lf

s 3,1 JLiss 6T Lo sm 5 e o soa
038 5yl ( (K5 s Son 5 s S 005
(B) ol ok plosil g1 5 el

Jels t_a(._m:f,\,;,;\ €3 i Jas
S sl s Lag S Lz B oSl
Gla L ils B el mlw )3 (05,8
Sl g 5 U ST el S 5 paT 5SS
S 3255 53 S5 851 a slas S e 31 (SOB)
2l 5 prlisasdsm i (o i (03 S
S 2055 52 g e slaeY e slags ST
13 egr LB (551sn

Slag SL s ol Glag STL ol o alear
5 omb PH 5 iy 4 B T "l ol 3 85
L ol 515 Son l iz ol (Y Bl fans
e SLa0 3 3l sars 3L A (6, K0t ) sba
LS S o St a3l 4 S eileslis
o =S s oM slasdajl o ls 3 4 s
3l Grlnn O gl s (23150 s bans )l S
=5 b polie 035531155 n ploil il g b 2T
5 ety e Dlid 055 2wl ( IT b Lo 55
Slac o 3l (K S e U L (S ol
4S Cnl ol Sdma 3 g0 O genldinS |5 s lhas
5 SLBl b 0T ) s LSLAM\?)‘JJQ:‘
(o eyl b 3 s b ad 035wl b
Gt o) i gy Doy gty (Ghme 3 gn 05,5 5L
L;uv_mt;tf,\,,@ S 3,8 o Sy sy
S e Ll g5 n 5 |y o

Gol i8S aoe (55, Lag STL Slaws ol
o Y yaon OT S 4SS o 5 ET

(el Lag STL cpl Ay 5 L8TT Sy 51 5L

.

doio
ol o s 3l ) Laes S5 40T 035 0l
ol S5ke (Sa I il o OT L Calin ol g o
s LS gl l Sl st 53 i 48 o
ssban 55,8 eslinul OT 10155 48 (6 sbay ¢ Jaoms
) ey Ol g go Sl g dlie ol 8 L (oo
5155 Y eme Lot s NT (V) 351000 s 0 bolse
S5 damen 5505 5 a2 T oo oty 0Ll o led
i g e SIS G1s JT slaety T 6 5 n
0155 e T §l51 51 5 Aan (slos 28 amaens
Jeb o IS L DS 5 0 hud 50 IS 58 5l p s
o1 Jos el 5 sl p - 45755 0l 1, (PCBS)
L op S Loz 3,05 (O ) W5 5 0
(ST ki e sl 51 le, Ly ((T)
Cdea, (SDS) Lasdy s 5 (DDT) La oS s
el Flo sl L5570 355 0 S SIS
(F ) s
S s Syl 1 e ga oslizal Ly 3
solaels ol 1SS 0l Jila 4
ool 2V cdaoms 1ot VT oS, ol
o o L‘v—«ég)‘ﬁjg:‘ BIRPR TE PP
Foslw LS 5 o LT s 5 (JT slad 58350
OO Ve L TGV K GOSN P
ur_@@)tbif Slalas b zals 55 et NT
L el bl pland ol (s 4 2 (Ul 5
r_,.;ﬁt»,u,&\ﬁg\,_ﬁ o) S aS g sbas e yls
o) s ) an e aAdlie ol s ST e eslanal 5
St S5 Jole lags SL a5 Laoan VT
NS n 1 S (r5,Sn (3555 35h o (2
;_Kuéqudg._wl@t_.pﬁdf)j_f

http://dx.doi.org/10.22108/BJM.2024.140287.1577



http://dx.doi.org/%2010.22108/bjm.2023.139168.1562

VEF e opled e s o i 0 Son (ol

12

B g ool 30 byl e Syl w9y
sl - sladla o 4S S50 anlllas opl s

Sladss au b g 0 SV e (ooldw 1 cmnl odd
3 Olizue 5L 5 dlie O sty 5 Lo 5 suktplons]
bt Laod VT 1 eolinl (s 4 jond e )0
Cadizen SLeMbl sLaol Kl 53 Cnn Jases o
03 5bas 0 fold candllan 4y 3959 sla jlne i oslizul
s 3 odzalyl Ilas Cnlio CokS candllan o L
S Loy dlie 55 555,90 Sbaesls O35 s )3 5

el
HNedaTowsn s Ghide laedu¥T 4 e 5 L
2 S Jole Gl S b5 6T (pj 425
s olant GLaeduNT 1SS blods andllas bt
s ) 4 205 45 Sl (PCP) |y STy s
» S Jale slag S b 0T Gla s

el 0T aals|

PCP silgh 2 4 o
&G Olgen slos 8 5 sbe (PCP) 35 )5k,
50,11 5 (S0 i 5 S ke dle) iS°3T
3y e o3liul (2SS el e o
e 03 DUl g 5 0Ll S Vb 5 815
(padS S 4 T ol Ll 5 o PCP oy o+ 5o
LPCP laoms 531355 g (s 3 055 (Slowdly
5 S S gl Sladl B G bl 015 o
2PCP LS 5 el (V 8) 5 S 4 o o leands g2
tas o Ol Cglas gilsn oL STL OMas

L ale = ag odias & &) g0 15 6T Ol 5 oo Lol

L palls sl s, BT Sl eslinal L JSCte ol 42l
ASYNX-YDU i pH L BT ol cbale 1 oslinal
odd LS 0T a0 Ve oo Yo ke bl gy b
S5l S (o sd O b L5 e o
S g Olgean S Sl oslinal 4 536 5t

2
_@‘f}y‘mdj‘j—“ué;l{@‘dﬁ-w

3
L oS 8 olaj s 5 dal Jls iS Lo
Syd el (65l en Loyl (tS Lases 031505

Oy 3 0S Ll slag Sl o 1S
(sl ST mile as sy 5 Jyie (SRB)
fas LaSRB .itws (5 5lwo 53 O35l5us 5 bas
el b gladasee 53 ol by 5 s 65158 0
st e Sl el e Db gy Lile (0 (gl
Ly oS Cnlos 28 0y Sl szas SLS 5 auls
H2 555 o o3lial DL o 505Ul (slacs ST
03Ul o gae ypbas Lo i Sly 0 5 SLSTY
Ve DS 5 a8 5l 6ok 5 L5 s
«Jglze dsile sl g 5 Sl IS 51 S s Ssd) g
05,5 ol ipe S 5 565 5 Ik 5 51
38558 Bl Ssline glas sazms lag ST )
s (5550 585 5

L S L ons ol plie G S350 5 L
gl 5 T slas S Al (S35 Jale
Jele o STL gl s glulis SRB gl ST
e SLao i VT o5 4 28 (sliwly 53 S,
s a5 0T 4 205 48 ol Ml s 9050
Cte el g s e adlie ol 5o (bl el
s 5 LS sl S Jule sla S
o T Bamee T Lo VT I (g3l s 5

Sl 0l

http://dx.doi.org/10.22108/BJM.2024.140287.1577



http://dx.doi.org/%2010.22108/bjm.2023.139168.1562

v 5,,4.«5df)l....eqjljLgaudbﬁélffbj)/cmﬁjL?udhauthdeLS\%):;:J}i-anshs,tfl{:ﬁ)lf

Ko ) ST e Solis Lid 4 Juaze ATPaSE

Gla s L glag S s d ¢S o0 sl

«Dehalobacter «Desulfitobacterium
«Desulfomonile  «Geobacter  <Anaeromyxobacter
«Sulfurospirillum <Desulfovibrio <Desulfuromonas
Dehalococcoides <Dehalobium <Dehalogenimonas

oy mtds PCP .diin PCP (65l sn o & o 4 318
sas jtalS gla STy (6 eSS G bl s5lsa s
4S5 e Jb S 4 e 5 4 (0 gl
CHA & slen o 5 )8 5, Luwg iy iy
Silsp g o @S 5 () S8) 558 4 25 CO2
OT s} ds o 4S5 laee (5lacS ;e 3 PCP
P (SIS S g BN I IR RSN g

Ll ()9 0

2345 345

Pentachiorophenol . schiorophenol  Trichkrophenol

Dichlorophenol

ot Sl Sen 73 ST 65 s zeS IS gl o5
Sl B o e S S (20 5 g 4
el (3l o Ll 5 53 PCP Gl (6l s 35
e 45 Sl (a0 IS ks Sl o il
e 35 a0 Slapsl s IS glags! glrale
SLS 5 jleslenal Jols & o155 054 555 o
Il gl o SUL 09 S glaods 18 Ol e w4 Lo
I 03 s e b Slp g oS S0 S
Syt Al e (S (3505 s
o2 3T e s L lags sSTL &S5 o b S ol
o H a8 s ) ST Sy o b asetial
Jsb 53,03 0, SIS aml la 2w (34,9
05,830 6das S 51 a0 S e ks 15505
30 RDase 44 05 =S It o i 5 SS 5 b 51

0555, 0Ll S oSG amatiys 5 disd g Jama olis

Q20 *Qw
35

3-Chiorophenol Phenol

Figure 1: Anaerobic dehalogenation of PCP

IS 4 b mbo 6l p sl 50,8 053 5b o yan
Cons ) daen 3515 5 e Sl iy OLS 5 opl gy o0
(YY) OlLSen 53l 5olUsle tasis 3. Lsd oo
WS ke Lo L gy OUI ol A et
esm3 3 GYohe A5 (1) skl sla 8 il
e g pl ek Ol s gl @S e ST &S
Sed=ds et 4 (A 3 r 0 S LT 5 2505
SS o Lo 5T s S W 5 (sla s Bl S

(Silw) SO yid bS5
Ll Jlsd 05,8 i b &S b SLS 5 a5
@WMJMJQJHQVJJM(CN)
Ol s 5 o sls OLS 5 o) sl o L 5
GRSl e o 5 b o 55 i e 5 s
clacT 5 ol lacT s)ls Laails )8 Sl
o SUglalE 5 o mish ST ) soas oS ST

http://dx.doi.org/10.22108/BJM.2024.140287.1577



http://dx.doi.org/%2010.22108/bjm.2023.139168.1562

VEF e opled e s o i 0 Son (ol

A

Aizen 505 @00 gz 5200 187 Ol

(DDT) (w5 4 3285
PL LY e oS 0L 50576 5 Jbiss 5865

S s S 5 6 05 45 o 5 L3DDT
A 5 05 L 5 5 ojn o 168550
A § ST i Ol sisan Jeol 53 00l ol
Pl (hama s o ime ST e Lol s s
CRU/gr J31a>=DDT s j 4 e sl . (VY) A
Sy slye S ol 5L e 548" 4 o 10
el osle ool 5 95 51 5 e DDT s 5 4 525
DDE (U1 (J5-F)Y Y= 5 IS (3 -\¢) DDD Lile
s sldze L Lt (Jetb g ST Y- 5 1S (631 )
S0l DDT o 25 (b galgidy (sla 25T
(13305 80 gyl ol | & ¢ olsje IS
50 3l 55,50 (0 DS 5yt €0 g 58 I 5
(il sl s o, ST Y s adas) ail> ke 5
0l S5 gl 2S5 5IDDT oy 55 b dawly d
Lyl 5 5DDE 5 5 65l 5a o Ll 2 ,5DDD
S s Pl a8 Lags ;STU 5l ol ol (55150
e S L e 5 L)ls B DDT oy 55 5l a1
Slsaim 5 Lacsilsn 5 I le chmn 55 Sa,
<Alcaligenes denitrificans ITRC-4 : ¢ ,L_z=|

«Bacillus cereus <Shewanella decolorationis S12
marcescens  DT-1P «Pseudomonas  putida

Methanogenic :5es slasjloa — 5 Serratia

.(\v) Clostridium <granular sludge

XL tawgi DDT (S5lgh (S 4 329
b3 (63 p 4 i 03 s T &S &S s
JS8 3 a0 55 (ST oYL &b 4w) Vadose

4S5O 2 gl 5T e 63 8 ealial Ol oo o 25
(IS 5 ST AlS o S g
A5 M gy lged s g iy sl oL g0 93 5
A s DS 5 s ST T ki e
S5 00T 5 abs gy o dool 0 1y SLS 5 cpl 5 5,108 oo
S 2055 Jole mman Las ST ) S 0 o5
s 8AS a o Ol pe s aslllas ol s Ll tdnus

ONV-2) Wb o slgiiy Hls | 25 504

b i dT &lgil
ot S S L Jes g a a5 L 25T
La S ET (i e bl T bl
g o e w3 g a3 LS ol
2be s ba iS Cade da 2STm LS e 1S i
50l g Oy gl oS Uil o5 5 Lo iS sT
L A EST Lol guudib ler 0l sitS
sl o 5 oml 4 OUT Sl 5 glacd J g0 b Gb
S 559 IS Y coddasy IS Ly ST g oda -

Ll S -F ( JT slacilaws -F dadul

Subdiy T Sy 59
(S ISl Sledas 5 b4y 0 157 gla 0 S 5
ol i e il O 4 fuate JIS7 0515 0350
Il e swlul L 5 4 b 2S7CST 5l anas
LT 51 IS slizal -Vt Lases 53 5l Ol o
3OS 5 ml =Y ol s Loy, S 5l i
53 Laes, 8 K0 4 ) s S slie s Laos
(o 2S5 EDT 0 5 Jasts (A5 Fpslan 4 2 bl
a JS sla S odkn 0 8 4 by e 4 ol DDT

J@)-UTC\J‘)-U‘QSJ O)de‘JJJi:J J)‘}.ﬁ)" CMN‘

http://dx.doi.org/10.22108/BJM.2024.140287.1577



http://dx.doi.org/%2010.22108/bjm.2023.139168.1562

¥4 5,,4.«5df)l....eqjljLgaudbﬁélffbj)/cmﬁjL?udhauthdeLS\%):;:J}i-anshs,tfl{:ﬁ)lf

3 AL Lil5 e ol gl 3T 5 5 )lm (5
53> Alcaligenes sp « s il 4y 56 S mie &
S s gilen JSi o DDT o3 0 oy 5
B s g oL i U A Ol el S5
DDT 5 55 58 5 fs Ko 55 54 s
sles I Serratia  marraescens DT-1P L. &
O ¢ paden 3| b glins amms 55 47 Jloj Lol 648”0
sban e s s s S Sl s S

EQT- WAL IR L;,i,w,

(Sladl bl s odts dha LDDT pond ilie (1)
U339 63V S5 (6l Gloy 05081 33,05
@YY 55 31 o 23 3 o ;LT DOT
Same Jol e 5l dn dza OIS s DDT S 5 5bn
g gn 3ol (4-CBA) el &S 5505 SS-F
2 gmie my Sld 05eeS) (S5 S g0 55 S 5
S L SL el 63503 56585 sl T
DOT s 55 4 g5 il Hlotbo & alos L il 55 0

BE R EE. PP P ] F L - O JP - S N L

Cli
meta cleavage

HCCCI, > HCCCl, > HCCCI,

— —> —>

H successive dcgfadatioﬂ
"~ OH
COOH
O: OH 4-chlorobenzoic acid
Cl Cl
DDT 2,3 - Dihydriol DDT 2,3 - Dihydroxy DDT

oS o slas SL Low 5 DDT (5158 4 205 s Y Jg.::
Figure 2: Aerobic degradation pathway of DDT by degrading bacteria

L) 5SSt (63158 o Jol 4 55 il 55 o DDE
s u}_lka DDE (eu_ieslaul g_)jjg.:» 4> g
AL Feslie Gdm @ ol e 2l 03 il e 12
B[P RV BYCIIIW PN WS- 1 W5 J (-
(2 J gmen) Ol g 4 el DBP .-\.:564 bl
Sl e 25 43 8 53 G385 5o
S coulods 5,158 ;5 Sphingobactrium sp

EETERE )AJHyDDT)'\A_.p)A\YA "\—;‘}:u—"

(el 0l 0305 OLES Slallas 3 4 S osbOlen

Las ST Lo Lontsl ) Lol ¢S @ o (5190 Ll 2

L gt o s

B 5L tawgi DDT (SHlgh o 4 3%
$ila e Bl 5 53 Y eas DDT o sy 5
o Cl ol il AL OLSGl 515087 5 b
DS 5 53 sben d3dmmn JSIT o o5 4 Y sams
5DDD 33 ;245 51.4% » J 5 DDE ;DDD

http://dx.doi.org/10.22108/BJM.2024.140287.1577



http://dx.doi.org/%2010.22108/bjm.2023.139168.1562

VEF e opled e s o i 0 Son (ol

DOT o 5 .5L DDT w o3 T oS ol ys
by Gilsam s Slsn Rl s e
Jmammn ool ok 31 OLi5 Calibee (glaqnsE |
D T N N S g P e
Silam Ll s 53 5 (A-CBA) el 3555,
Cosl o Ses (1) Sl 035 (DBP) 0 3355 505 AS (g5
2RO 0T glacd gl s DDT gl oS 4 520

el ois 1S el 4 b Ll sl

oo IS s Oldlas das ralS
GBS Sl el 5 5o 00 s 3T Sl 6l
oals Ol ST o iy bl 55087 5 oo 487
JLssas opd |25 DDE STl )5 e LT
p.p —-DDNU

Iy lacod gl -

(2,2-bic(p- 40— oo
P,p-DDMU(1- « &i ¢ . chlorophenyl)ethylene)
chloro-2-2 — bis -(p-p chlorophenyl)ethylene)

0Lz YU s ouas S5 glaasil olsgd s

© P L P00

HCCCl, —» HCCCI, —» C=CHCI™» HCH,Cl —» C=CH,” > HCH,OH —»HCCOOH

P P9 Q9P

DDMU

X
P 9

-

DDNU DDOH

O 8

HC=0 —— HCOH < HCH

2o~

DPM

$ilsag il,s ;5 DDT Qﬁmwrp
Figure 3: Metabolic pathway of DDT under anaerobic conditions

DBH (4,4-dichlorobenzhydrol)
DBP (4,4 —dichlorobenzophenone)

ooy g
Sl & dms (o3lpe i 5o b Lok 50
4 s g SIS 2y o S 03 o
(2B Oslo |8 5 olge Jols "y L9y s0 'Y

DDT ((1,1,2-trichloro-2,2-bis(4-
chlorophenyl) ethane)

DDD (1,1-dichloro-2,2-bis(p-chlorophenyl)
ethane)

DDMU (1-chloro-2-2-bis-(4 -chlorophenyl)
ethylene)

DDMS  (1-chloro-2,2-bis(4'-chlorophenyl)
ethane)

DDNU (1,1-bis(4-chlorophenyl) ethylene)

DDOH (2,2-bis(4'-chlorophenyl) ethanol)

DDA (2,2-bis(p-chlorophenyl) acetate)

http://dx.doi.org/10.22108/BJM.2024.140287.1577



http://dx.doi.org/%2010.22108/bjm.2023.139168.1562

o) 5,,4.«5df)l....eqjlj&Lﬁdb;‘_;lf‘.fla-})/gmﬁjL?udhauthdeLS\%):;:J}i-ansusjtfl{:ﬁ)lf

VA) Sl SDS 5 S Joous 4 )35 kb5 S5
by 1S aes L 55T 300 e ST
JSIT 525 53 5 L5800 A5 e p S Glags ST
O T U T IE NE PR g APCHi P
25T ol 3B Bla e 3 4y, 8 5 e skl
.u;twl\,SDSwjgﬁ)mq}:\)
rj\ugﬁr@x&@SMaa\aow;jbg
L ossd oo OF O Eoly g S o oyl 1, SDS
Gl e by Ol B a a5
015 e Loy o 548 4 o5 (gla Sl Sn
Slaasl )8 5 (6 4 Lol Hles ¢l = LT
03l ¢ g gd pmile Glaol 8 )5 ol 4& 5SS 5
Loous an syl 51 8 1 5LOL OLS 5 el s
oy 55 sS4 o Slas STL 3,8 ol s

cla i Jﬁuu_a;ﬁp_fdud;ﬂ_:;lg_m
Klebsiella «ibrio <Proteus <Entrobacter
«Pseudomonas <Acinetobacter <Flavobacterium

e p S (5L sEscherichia ; Shigella
5 il Ol 31 aS o5 4 Bacillus cereus

(e ) Wlotd glulis

Ol gur Jowd9d b 4 125 (omad gilio guno
A8 o loas S L SDS ] e

S 3l eslaul L sus s Pseudomonas C13B
o b &S AE edein sSgsly slee b odd )50l
Oy s 0y 0L S Iy Ve rgﬁm
93 Lo 5 oty s0Lis S 540k 3L 5 L, (CO2
O RSP SV I S P I WA =
s3T JslS 555 -) 5SO3 guw,_w‘)_:iﬁvi}_ﬁ

33 35 on denS T U 555 T ag 5655540

Jodos laodS s 5 oLl o028 b DS 5
tlr $S5L aeT slad 55050 Loy 35 litas
5 (CmmpsOT) (a0 8 a5 5 ol 3 om
3 et s (3 ST i 0 5
Gols 5 5 a0,y SaSeSL 5 OT s Il
ol il ¢ oS LS 5 o o 4 ZLST6 s
s damand OS5 5 o diS 5 aediS oy &

—r =S 5 S5 (SDS) Slid g fow 93 0
Al olmody pi 5 5L Ol 4 5 Sl (SLSTB pun
A0S ezt 5 o s piile GLa0 gl s gl
S s ok 2 Sl Ll d 5o Ce s 5 ealinal
STy g ) g 5 Aol a2 o
S5 ise 53 51SDS .mr@uwlf)b)@
6o 5 (C12) oS 550 0 i3 €S 4ol 0l
o3 4y Joie Sl g 05 5

s 5 LS| SDS leslazal il bl a4 a5 L
Cmeal Sl e gl 15 Seo o 0T
Lo SU 0L 5 g iled Yo Jlu 5 .l
o tile (Lol S8 Ol 11y ol S o
o 5 A1 a il 5 (V) s 87 (g5l
3 s ey S 95 5 Les pH Al SDS
(P. 155205557 b 5093 s o 5lalir (slags STU
SDS s 4 2 (sl p avg ksl 5 55 @€rUginosa)
Vs ASL el Ol s &) s 6 S sl b 5
of on 51,8 sl am ,5 YV glas 5 V/O Ll PH cds s
S 5 Sl pte Olyean o paT Sl 035551 L
A ey SIS e 4 o ST (S8 3l Ol s

YF 534S 590 Jsn s VO L ol SDS Ol e
o OT Ao 33 A e dig Ll 5o sl

Qéﬁ@ﬁ|duub@6£>ui»)5_i):

http://dx.doi.org/10.22108/BJM.2024.140287.1577



http://dx.doi.org/%2010.22108/bjm.2023.139168.1562

VEF e opled e s o i 0 Son (ol

oy

Jee23 o JoSUT o i 10 0T slad ples
099 ¢ sd Johww OLS 555l Al g o Ol s
KCADINEIN- PR U KT o [ S

0513 0L Lao W s ST @5 3205 s ¥ K5 55
JS 0l U el a8 ol o LSIT .ol ol
o JSIT sz oy b3l i 5 gm0l 5 Wa A g
g S S 5 g ] (gl el e
SDS ol g fouw3 53 ok b Sl g JSIT o)
Wl SIS s e S 5 S

Aol 45 56355085 LA T Lo 5 JUIST5 55 cobny al= e
el ol 5 e o (el S5 8D
5 bt TS s e T8 ol @ 5T baw 5
(O gl Sy (Gl 3 Lo 5 oS 5l aalsl s
0555 o s H20 5CO2 4y 5 S 45 2 5,05
PR N - PR E-U VWSS D PR eA |
b dusb Lol (b ekl S a5 Y 5 4 S
Jas5C18 4C16 Cl4 Jyb Lo o (sladl
Ales (Il sladd S8 53 5 disb

T - ) Fuow R SR Vo [ E— L

R—-0-SO3+H20—R-0OH+504
o o ST IS 525 s ¥ S5

Figure 4: General decomposition pathway of alkyl sulfates

L ol oy S LaeStwdly Okl g .S s
S ks 5018 oy opl bl tcmlgT g pdba oo
Aol o 5l e oland 5150 4 ST e 60l
55 s J b 53 05550 dilew 355 IS 0
eSO LaeSany 05 S by g e 35T eSand
Jsl sl Va5 iy ol Lal bl Ko ol
s ol Jsa (Saudly Gladl) Gy S5
LSLAUL) ‘SJJ{)\S 03 gd>ws e3> T Ji.&a L@T
YY) Sl Sl Sty
S s sl m 556 S el sladle s
Aol a1l dba e slaeSawd ()95 )l
U ol ailslg |y eSawdly S OV s 2305 o]
e § IS 7 il oSty Jlisw
G 5 L aS SlaeSawdl sl tlyls (6 %S

Lo SCaadly (5 s (slao iy VT 51 s S

LT a2 5 i go bl G s 53 o7 Aizn
A5 e el 5l K iS e b Jl 0l 5e
L s PHA) plc e slacSadl,
o3liul 503 Jomoly il S35 Jule slagg ST
352 5o GLAESadly (s 42 53 g ST ol

! L@_;T C;.‘)\J_JL 9w L.;’u g3 edkilay o

RO P S ) Sl
(PHA) lbh".)Twa gs...rg)»«\.g‘bgslg:
> 525 Al 0358 iy 55 ol Jds
IS 50 dsb 0352 o sb VU J5S350 055 L sl
OT 4525 o8 Sl T Sla jo g0 s (558 sy 5 achy
arl g JSie L ol S o s go o5 1,

http://dx.doi.org/10.22108/BJM.2024.140287.1577



http://dx.doi.org/%2010.22108/bjm.2023.139168.1562

ov 5,,4.«5df)l....eqjlj&Lﬁdb;‘_;lf‘.fla-})/gmﬁjL?udhauthdeLS\%):;:J}i-ansusjtfl{:ﬁ)lf

Jobws 0953 5355 oo i ko Jo15 55 Las ST,
PHB 1 (S 5 0L 53 8L adol oo oo
o PHB LS o oslisl 551 5 005 e Ol 5o 4
sl S Lyl 5 o V-wé\f)‘ﬁji:‘ Sl 53 g B
anil EaG 5 oSG sl HLid (Lo 1B 3150 3 puaS
3 sl b s PHB (VL sl sl 2l 3
P NP YU ¥ gy W B YW S8 1y S

Alcaligenes  (Pseudomonas Syntrophomonas

ples adl ¢l ol 031> OLas Clostridium s genera
Aoy (Jle (gl ¢ditns PHB U1 Lar.“:;tf,tbi:,.
slaa S 5,5 Lag,S Loy T 5 Sl
AYF) S o A 5 PHB lags SL il
52T Jl8 5 sbay LPHB il 5 o Lo ST,
Sy A (L 53 S 4 S LS8
55 LgT sliral Celb PHA Lace L s eSSy ands
LSt ol 3 )l Ll ol Ko 5 Cnio
PHA jlodsaslo glaca 8 ol 4,501 Saj
O gl SnKi 5 4 53 Al o OLasl Oy
>3t 3 oy 45T el ) e S5 sl S 5
a0 Oladl 0 3 (alyTan LaesSCaadly (0 gl
(S35 Jale Glag ST 51 gslan (Y0) Lsd o
038 g skl 5 S gy ol sa 93 e e
LS g onl 5l (5 5 eSaadly (g § 40 2
O ot 53 (YA-YP) s ¢Szt 3L 5L 4 56
NP s a5 4 by e gl Sl slasds
S 255 Sl S STl 53l b 5 LaeasNT

RGN PR 43‘)\

i 545 Olaztlu 534S Sl eSaudl (Lsd
c9 S laeSaudl 5 Lyl

A s b g 48T LSl Ol L
L i o Sl ) A3 Gla s J) pekish oo
b e (23 S 4o S A 3 Al oo o 3l (ole
3 ol 45T Sl Lol 55 ol e
Olazstlo 5 3 6,1 B8 5 5 b o9 sl OIS
4725 Sl 5 Llagr (Bl 02 536 s S
laalis LaeSimudly )3 3 pb ood o3l g Ko
o2 a1 ol 51 Al sST Sl i (sla IS 5
093 LU 5o LeSawdy opl (B S o feate
4 ¢S las STL (gl e a9 landfill dL;
S by st b Olabs g dlas caznlis cla 5S4
22 O3S 12 508 S a Lty (s S i
A b Slabss g ylge 515 LS s sl ol
Seslitul 4S8 Coul olas dhox 3l s STL 5 Shes
(g i3 NS o 3 gdoma | LSy o
s A st 5 L Al o eSSt
S Ol e Lags SU (6,8 84 3 LT Jas 15
Bacterial plastic (\aY0 Jlw ;5 .Cul ks 5
5345 A8 (S gl sl 53 e S gla St
+; Poly -B- hydroxyalkanoate ¢ 4 (s ey s T
(YY) s oo i g STL Lo g5 5L 5 Hlae

Lo A (DI ST oS5 pkn o otians b
S S addy 5098 45 Sl PHB) O 550 ouS 9,548
Oyl Jols PHB .l O 15 5y S g bV
s gl 51 4T el D5 g S g poken J oS 5
sl vy PHB .Ul e K0S

http://dx.doi.org/10.22108/BJM.2024.140287.1577



http://dx.doi.org/%2010.22108/bjm.2023.139168.1562

VEF e opled e s o i 0 Son (ol

of

S5 Jolo S 5l 2lam b 5 et VT (5 s 45 0 b3y po slaaily 008 1) Uil
Table 1: Summary of the findings related to the biodegradation of some pollutants by a number of
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