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Figure S1. Map showing the wastewater sampling locations with different colors in Rawalpindi and Islamabad.
Legend showing Rawalpindi sampling locations i.e., Noor Colony (NC1, NC2, NC3, NC4 & NC5), Sohan (S1, S2, S3,
S4 & S5), Dhoke Kala Khan (DK1, DK2, DK3, DK 4 & DK5) and Islamabad sampling locations i.e., Nulla Lai (NL1, NL2
NL3), soap industries (SOP 1, SOP2, SOP3), Rawalpindi / Islamabad map was adopted from (Akmal and Jamil,
2021).



1.5 - (a)
) y=-0.2719x+ 1.6701
2 —
12 | . RZ = 0.9849
'*5; 0.9 -
@D
o
Es 0.6 -
0.3 -
0.0
0 24 48 72 96 120
Time (h)
2.5 - (b)
2.0 -
1.5 -
—
o
=
1.0 -
05 y=0.4289%-0.521
= RZ=0.874
0.0 ¢ T T T T 1
0 24 48 72 9296 120

Time (h)

Figure S2. Plot of log (g.— q:) Vs time of (a) Bacillus pumilus (S4) and (b) Bacillus cereus (DK2) and graph of log (t/q;) vs time

of (c) Bacillus pumilus(S4) and (d) Bacillus cereus (DK2) for determining the reaction order of biodegradation of BPZ.
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Figure S3. Intermediates of the biodegradation of BZP on the basis of m/z values and relative abundanceusing bacterial
isolates DK2 and S4 (a) benzophenone dimethyl ketal and (b) phenyl cyclohexyl ketene, (c) Ethyl 3-(2thienyl)-propenoate,
(d) Benzenecarbothioic acid, O-methyl ester, (e) 2-Cyclohexen-1-one, 3-methyl-6-(1-methylethyl), (f) Carbonic acid, ethyl 3-

(1-methylthoxyl)-phenyl ester, and (g) Heptacosane.



98 | Neobacillus bat aviensis - type strain of Bacillus bataviensis: 2011:NR 114093
94 | INeobacillus bataviensis - type strain of Bacillus bataviensis: 2003: NR 036766
Neobacillus cucumis - type strain of Bacillus cucumis: 2015: NR 148626
Neabacillus drénténss - type drain of Bacillus drentensia: 2011:NR 114085
Peribacillus alkalitolerans - type strain of Bacillas alkalitolerans: 2014:NR 163643
Pradoshia ciseniae - type strain of Pradoshia eiveniae: 2017:NR 173521
Peribacillas asabii - type strain of Bacillus asahii:2003: NR 024517

E Peribacillus cavernse - type strain of Bacillus cavernae:2015:NR 148641
Perspicuibac illus ycopersici - type strain of Bacilluz bycopersici: 2013: NR 136464

AMesobacillus campisalis - type strain of Bacillus campisalis:2013: NR 137360
Mesobacillus fermenti - type strain of Bacillas fermenti: 20016: NR 163641
Alesebacillus foraminis - type strain of Bacilles foraminis: 2004:NR 042274
Aesobacillus boroniphilus - type strain of Bacillus boroniphilus: 2005: NR 041275
100 ! Mesebacillas jeotgali - type strain of Bacillas jeotgali:2000: NR 025060
Schinkia azotoflormuans - type strain of Bacillus az otoformans: 1991: NR 115951
Schinkia azotoformans - type strain of Bacillus az otoformans: 1995: MR 115576
100 | 5 hinkia azotoformans - type strain of Bacillus az otoformans:2007: NR 041641
S8 — Robertmurraya massiiosensgalensis - fype strain of Bacillus massiliosenegalensis:2011:NR 125590
Robertmuarraya siralis - type strain of Bacillus siralis: 1998:NK 028709
Robertmurraya yapensis - XXST.01:2015:NR 170510
Cytobacillus gottheili - type strain of Bacillus got theilii: 2010:NR 108491

iallia circulans
P. aryabliarai

Priestia abyssalic - type strain of Bacillas abyssalis:2012:NR 109671

Cytobacilles kockii - type strain of Bacillus kochii: 2010:NR 117050

65 ¢ Gottfriedia luciferensis - type strain of Bacillus buciferensis:2001: NR 025511

Gottlriedia acidiceleris - type strain of Bacillas acidiceler: 2006: NK 043774

Sutclif iella 2 hanjiangensis - type wrain of Bacillus zbhanjiangensis:2010:NR 1175854
Sutcliffiells borikoshii - tvpe strain of Bacillas borikoshii: 1993:NR 119070

100 ! Sutchiffiella borikoshii - type strain of Bacillus borikoshii: 2000:NR 040852
Peribacillus butanolivorans - type strain of Bacillus batanolivorans :2007: NR 044170

3

E?Onbfrlu panacisoli - type strain of Bacillus panacisoli: 2012:NR 133702
Lederbergia wayishanensis - type strain of Bacillus wuyishanensis: 2013:NR 135903
Lederbergia ra type strain of Bacillus raris: 2002:NR 042161

Lederbergia leata - type strain of Bacillus leatus: 1993:NR 040792

96 — Hevndricksia acidicola - type strain of Bacillus acidicola:2002: NR 041942

Heyadricksia camellize - type strain of Bacillus camelliae: 201 5:NR 159341

Bacillus aerins - type strain of Bacillus aerins: 2004:NR 042335

B halotolerans

Bacillus aerias - type strais of Bacillas aerius 201 2:NR 115439

Bacillus pumilus - Y3:2022: OMS33T45
93 [ Bacittus pudn 161.1.2: 2016: KNAS392T
: B. praviilus
Bacillus ““I‘ type strain of Bacillas pumiles: 2012:NR 113351
@ S4:PQ350140
Bacillus acolius - type strain of Bacillas acolinu:2002: NR 025557
_Efndunlduvhn bmi - type wrsin of Bacillas bumi:2004: NR 025626
Fredinandcohnia onabensis - type strain of Bacillas onubensis:2014:NR 149252

100 ¢ Aeribacillus composti - type srain of Aeribacillus composti: 2016:NR 159152
Aeribacillus pallidus - type strain of Bacillus pallidus: 1993: XR 026515
100 Anoxybacillus ayderenss - type strain of Apoxybacillas kamebhatkensia: 2002: NR 041915
Amoxybacillus ayvderensis - type strain of Anoxybacillus ayderensis: 1997:NR 024837
Anoxybacillus amylolyticus - type strain of Anoxybacillus amylobyticus:2003: NR 042125
100 | Saccharococcas thermophilus - type strain of Saccharococcus thermophilus: 1993: NR 119004
Saccharococcas thermophilas - type sirais of Saccharococcus thermophilas: 2010: NR 036770
Thermolongibacillus altinsuswsis - type strain of Th illas altis is: 2008: NR 125531

Th longibacillus ko akliensis - type strain of Thermolongibacillus kor aklenss: 2008: NR 125533
100 — Geobacillas jurassicus - iype sirain of Geobacillus jurassicus: 2003:NR 042835
Geobacillus kawstophilus - type strain of Bacillus kaustophilus: 2004: NR 115285
Paragecbacillas caldexylosilyticas - type strain of Saccharococcus calloxylosilyticus: 1998: NR 025708
g5 - Parageobacillus thermantarcticus - fype strain of Bacillus thermantare ticus:2009: NR 116956
Massilibacterium seaegalente - type strain of Masdlibacterinm senegalense: 2015:NR 144721
Siminovitchia thermephila - type strain of Bacillas thermophilus: 2012; NR 109677
Siminovitchia sediminis - type strain of Bacillus sediminis:2012:NR 133979
Siminovitchia terrae - type strain of Bacillus terrae:2016: NR 156900
Domibacillus enclensis - type strain of Domibacillus enclensis: 2011:NR 134021

100 Domibacillur antri - type strain of Domibacillus antri: 2015:NR 149777
g & Domibacillus epiphyticus - type strain of Domibacillus epiphyticas: 2015:NR 157744

104 § Psychrobacillus insolitus - type strain of Bacillus insolitws: 1991: NR 115970
Paychrobacillas insclites - type strain of Bacillus insolitas: 2008;NR 041702
Psychrobacillus lasiic apitis - type strain of Psychrobacillus lasiic apitis:2014: NR 159144
Lysinibacillus varians - tvpe strain of Lysinibacillus varians: 201 1:NR 134074
Lysinibacillus xylanilyticas - type strain of Lysinibacillus xylanilyticas: 2008:NR 116695
Lysmibacillas telephon - type strain of Lysinibacillas telephonicus: 201 5: NR 157637

Lysinibacillus yapensis - YLB-0X:2018: NR 165716
E i - type strain of Emergencia timonensis2015:NR 144737 ] Out-Group
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Bacillus cereus - 41LN1616:2024: PP967921

@ DE2: PQ2S013S

Bacillns cerens - KTSMBNL 43:2013: KF540167

Bacillux c ereus - type strain of Bacillus cerens: 2006: NR 112630 [
Bacillus cereus - type strain of Bacillus cereus: 2010: NR 113266

Bacillus cereus - type strain of Bacillus cerens: 1993:NR 115526

Bacillas cerens - type strain of Bacillus cerens:2005:NR 115714

Bacillus cerens - 2 13b:2022:0P811770
B. mycoides

S,
86

(b)

8 m_v-drkkxia acidicola - rype strain of Bacillus acidicoala:2002: NR 041942
Heyndrickxia camelliae - type strain of Bacillas c amelliae:2015: NR 159341
Bacillus aerins - type strain of Bacillus aerins:2004: NR 042338
Bacillus aerius - type strain of Bacillus aerins:2012: NR 118439
Bacillus acrophilus - type strain of Bacillus acrophilus:2004: NR 042339
Bacillus pumilus - type strain of Bacillas pumilas: 2012:NR 118381
Bacillus halotolerans - type strain of Bacillus malacitensis: 2006: NR 115930
Bacillus halotolerans - type strain of Bacillus axarquicnsis: 2006:NR 1159219
99 | Baciltus halotolerans - rype strain of Brevibacterium halotolerans: 2007:NR 115063
Cytobacillas koc type strain of Bacillas kockii:2010:NR 117050
Mesobacillus fermenti - type strain of Bacillus fermenti:2016: NR 163641
Peribacillus butanoliverans - type strain of Bacillus butanolivorans: 2007:NR 044170
Bacillus acolius - type strain of Bacillus acolius:2002: NR 025557
53 Siminovitchia sediminis - rvpe strain of Bacillus sediminis: 2012:NR 133979
Siminovitchia terrae - type strain of Bacillus terrae:2016: NR 156900

Siminovitchia thermophila - type strain of Bacillus thermophilus 2012:NR 109677
Lederbergia leata - type strain of Bacillus leatus: 1998: NR 040792

Lederbergia ruris - type strain of Bacillus ruris=2002:NR 042161

Lederbergia panacisoli - type strain of Bacillus panacitsoli:2012: NR 133702

84 Lederbergia wavishasensis - type strain of Bacilles wavishanensis: 201 3:NR 135903
J_ Peribacillus cavernae - type strain of Bacillus cavernae:2015: NR 148641

persici - type strain of Bacillus ycopersici: 2013:NR 136464
Peribacillus asabii - rype strain of Bacillus asahii: 2003:NR 024817
Niallia

Cytobacillus gottheilii - rype strain of Bacillus gottheilii:2010: NR 108491
Robertmurrava yapeasis - XXST-01:2018:NR 170510
Rober il

- type strain of Bacillus massiliosenegalensis: 2011: NR 125590
Robertmurraya siralis - rype strain of Bacillus siralis: 1998: NR 025709
Mesobacillus

Peribacillus alkalitolerans - type strain of Bacillas alkalitolerans: 2014:NR 163643
Neobacillus
91

Pradoshia eiseniae - type strain of Pradoshia eiseniae:2017:NR 173521
Domiibacillus

929 . Aeribacillus composti - type strain of Aeribacillus composti:2016:NR 159152
Aeribacillus pallidus - rype

ain of Bacillus pallidus:1993: NR 026515

Amoxyhacillus ayderensis - type strain of Anoxybacillus kamchatkensis: 2002:NR 041915
Anoxybacillus aydereasis - type strain of Anoxybacillas ayderensis:1997: NR 024537
Agcxybacillus amylohticus - type strain of Ancxybacillus amylohticus: 2003:NR 042225
99  Saccharococcus thermophilus - type strain of Saccharococcus thermophil
Saccharococcus thermophilus - type strain of Saccharococcus thermophilus:

NR 036770

:NR 119004
99 — Geobacillus jurassicus - type strain of Geobacillus jurassicns: 2003: NR 042535

Geobacillus kaustophilus - tvpe strain of Bacillus kaustophilus: 2004: NR 1152585
Parageobacillus caldoxylosibvticus - type strain of Saccharococcous caldexylosibticus: 1993:NR 028708
Parageobacillus thermantarcticus - type strain of Bacillos thermantarcticus: 2009: NR 116986

Thermolongibacillus altinmensis - type strain of Thermolongibacillus altinsnensia:2008: NR 125531
T P

illus koz akliensis - type strain of Thermoloagibacillus koz akliensis: 2008:NR 125533
Priestia abyssalis - type strain of Bacillus abyssalis:2012: NR 109671
Priestia aryabh

|2

98

i - type strain of Bacillus aryvabhattai:2006: NR 115953
Fredinandcohnia humi - type strain of Bacillus humi:2004: NR 025626

Fredinandc ohnia onubensis - type strain of Bacillus onubensis: 2014:NR 149252
Schinkia

Gotlfriedia

Sutcliffiella 2 banjiangensis - type strain of Bacillus x hanjiangensis:2010: NR 117854
74 Sutclifficlla horikoshii - type strain of Bacillus horikoshii: 1993: NR 119070
90 ! Sutcliffiells borikoshii - type strain of Bacillus borikoshii: 2000: NR 040852
99, Psychrobacillus insolitus - type strain of Bacillus insolitus: 1991:NR 118970
Psychrobacillus insolitus - type strain of Bacillus insolitus:2008:NR 042709

Psychrobacillus lasiicapitis - npe strain of Poychrobacillus lasiicapitis=2014:NR 159144
88 Lysinibacillus
83

Emergencia ti - type strain of Emergencia timonensis2015:NR 144737 J Out-Group
onz

Figure S4. Phylogenetic tree of bacterial strains (a) DK2 (PQ380138) and (b) S4 (PQ380140) was created with closely

resembled species of Bacillus cereus and Bacillus pumilusinferred from 16S rRNA gene sequences. Evolutionary analyses
were conducted in MEGA7.



Table S1. Physicochemical characteristics of wastewater collected from different locations in Rawalpindi and soap industries in Islamabad, Pakistan.

S. No Samples Coordinates pH EC (uS cm™?) TDS (mg/L) COD (mg/L) BZP (mg/L)
1. SoP1” 33°39'30"N 73°03'12"E 7.03+0.43 153.97 +4.31 109.8 +8.13 153.3+7.07 10
2. sop2* 33°39'36"N 73°03'10"E 6.91 £ 0.09 183.93+11.9 183.93+11.9 244 +19.09 08
3. SOP3 33°39'37"N 73°03'13"E 6.98 £ 0.18 125.1+11.0 160.3+17.04 198.3 +10.07 04
4. SOP4 33°39'37"N 73°03'13"E 8.81+0.11 142.5+22.2 215.8 £16.82 290.67 £12.2 ND
5. SOP5 33°39'37"N 73°03'13"E 7.16 £0.16 200.43 £8.2 168.3+17.04 352+3.53 ND
6. SOP6 33°39'37"N 73°03'13"E 9.01+£0.37 198.8 +10.6 241+3.1 362.3+6.9 10
7. SOP7 33°39'37"N 73°03'10"E 9.8+0.25 200.7 £30.0 168.2+4.7 250.67 +5.6 ND
8. NL1 33°37'55"N 73°03'08"E 7.1+0.25 121.67 £11.0 181.2+4.7 270.67 + 25.6 ND
9. NL2 33°38'00"N 73°03'08"E 6.96 £ 0.26 201.53 £0.63 162.23+17.6 253.3+4.94 ND
10. NL3 33°38'03"N 73°03'03"E 6.71+£0.29 115.13+4.7 121.78 +8.7 275.3+2.38 ND
11. NC1 33°37'37"N 73°06'11"E 7.02+0.17 221+1.131 145.2+7.36 283+19.33 06
12. NC2 33°37'32"N 73°06'19"E 7.16 £0.22 174.88 +8.4 134.97 +13.9 261+23.33 ND
13. NC3 33°37'44"N 73°06'21"E 7.02+0.26 211.1+5.9 142.47 +10.7 359.3+22.6 15
14. NC4 33°37'38"N 73°06'22"E 7.12+0.30 118.8+10.9 296.3 £5.30 268 + 26.7 12
15. NC5 33°37'38"N 73°06'27"E 10.74 £ 0.190 121 +£15.13 327.7+37.7 482.67 +10.60 ND
16. S1 33°39'40"N 73°05'46"E 7.22£0.098 221.7£19.6 245.7 £16.8 168.3 +12.0 18
17. S2 33°39'43"N 73°05'38"E 9.98£0.18 135.1+18.0 168.3+17.04 182.3+7.07 ND
18. S3 33°39'43"N 73°05'54"E 7.81+0.11 142.5+22.2 215.8 +16.82 290.67 £12.2 ND
19. sS4 33°39'37"N 73°05'55"E 7.16 £0.16 200.43 £8.2 168.3+17.04 352+3.53 ND
20. S5 33°39'34"N 73°05'44"E 7.01+0.37 146.13 £19.3 242.23+23.1 382.3+26.9 15
21. DK1 33°39'04"N 73°05'22"E 7.06+£0.19 212.2+19.5 239.13+24.4 226.67 +23.4 ND
22. DK2 33°39'10"N 73°05'15"E 7.25+0.15 210.1+194 159.7 +14.49 350.3+8.49 ND
23. DK3 33°39'10"N 73°05'31"E 7.16 £0.12 309.7 £15.6 208.87 £7.91 269.3 £18.39 16
24. DK4 33°39'16"N 73°05'27"E 7.22+0.24 340+ 17.67 185.08 +1.13 118.3+16.9 ND
25. DK5 33°39'10"N 73°05'23"E 6.95 +0.39 243.8+16.8 231.77 £11.80 144 £7.08 ND
NEQs permissible limit 6-9 400 - 600 >1000 <150 —
WHO/FAO permissible limit 6.5-9 400 - 600 >1000 <150 —

Samples collected from soap industries; the rest of the samples were municipal wastewater and were collected from different area in Rawalpindi DK: Dhoke Kala Khan, S: Sohan, NC: Noor Colony; NL: Nulla Lai;

results were reported as mean = Standard deviation (SD); ND: not detected




Table S2. Screening of bacterial isolates based on optical

concentrations of BZP after 48 hours of incubation.

density (OD600) in MSM media spiked with different

Sample No of No of BZP MSM optimum Range of OD (600) at different BZP concentration (mg/L)
location bacterial degrading conditions
isolates isolates Temp. (°C) pH 10 20 100 500 1000

S 40 01 30 7 0.2-0.5 0.2-0.5 0.3-0.4 0.3-0.6 0.3-0.6
DK 25 01 30 7 0.3-0.6 0.3-0.4 0.3-0.6 0.3-0.4 0.3-0.4
NL 35 01 30 7 0.2-0.6 0.3-0.5 0.3-0.4 0.2-0.6 0.2-0.4
NC 30 02 30 7 0.3-0.6 0.3-0.4 0.2-0.4 0.3-0.4 0.3-0.5
SOP 20 00 30 7 0.3-0.4 0.3-0.5 0.2-0.6 0.3-0.6 0.2-0.4
Total 150 05 — — — — — —

Note: DK: Dhoke Kala Khan, S: Sohan, NC: Noor Colony; NL: Nulla Lai; SOP: soap industries

Table S3. Characterization of the bacterial isolates by measuring lag phase, doubling time, time to steady state and colony

forming units using BZP as sole carbon source.

Bacterial activity parameters

Bacterial isolates

Bacillus cereus (DK2) Bacillus pumilus (S4)
Estimated lag phase duration (h.) 4+0.3 3.5+0.2
Average doubling time (h) 1.7+04 1.7+0.5
Average growth rate (r/h) 0.48 £0.6 0.45+0.9
Time to steady state (h) 72+1.1 72+1.3

CFU/mL Exponential phase

1.0 x 10°+ 10°

1.0 x 10%+ 102

Table S4. Morphological characterization and physiological data of efficient bacterial strains.

Parameter Bacterial strains

Bacillus pumilus (S4) Bacillus cereus (DK2)
Form/ shape Rod shaped Rod shaped
Elevation Raised Raised
Margin Coiled square
Opacity translucent translucent

Pigmentation

White

Cream

Gram Stain

Gram-positive

Gram-positive

Growth temperature

5—55°C

4 —55°C

Spore-Forming

endospore-forming

endospore-forming

Growth pH

40—9.0

6.0—7.0

NaCl tolerance

Ability to grow

Ability to grow




Table S5. Biochemical data of efficient bacterial strains.

Bacillus pumilus (S4) Biochemical Properties Bacillus cereus (DK2) Biochemical Properties
Protease + Catalase +
Lipase + Voges-Proskauer (VP) +
xylanase, + Gelatin Hydrolysis +
amylase + Lecithinase Activity +
Gelatinase - Nitrate Reduction +
Chitinase - Oxidase -
Phosphatase - Indole -

Table S6. Comparative analysis of Pseudo-first-order (PFO1) and Pseudo second-order (PSO2) kinetics of the degradation of

BZP by Bacillus pumilus (S4) and Bacillus cereus (DK2).

Isolates Pseudo first order model Pseudo second order model
Ki(h?) R? K,(h?) R?

S4 0.8 0.98 0.57 0.87

DK2 0.6 0.95 0.94 0.99



https://www.google.com/search?cs=0&sca_esv=318dfbf2fb24382c&sxsrf=AE3TifPK3uGFbPHbswUgjR9fhvvBCIyW4A%3A1758376269498&q=Gelatin+Hydrolysis&sa=X&ved=2ahUKEwiEw6-HvuePAxWP8gIHHXW8E-gQxccNegQIMRAB&mstk=AUtExfC1ZoehSdgQGsdvNHdSaMOaznTH3JP6qi-7a6NpsDyzePov3UCAkqjuVD1IJ_JsBRw8l7ADW45vStnsfscf4NylFUWj2SkcMaDqyxmVw3bFjTOgO2RucIQotvrwJY5y3Jm5QaTyU4YwX9pGxsoN7YoWjb90VqKeIK48XObQENXmez6Y5prNFDBShOJG9cGcPSypI0pyonT9X-X-U34Rk7ykxjX8-EpwHXu1jv6aD3--Fhu-OI4mEuyeQfv2p1lmhkJ-12-jV9JpohJZ4PrZrpr9&csui=3
https://www.google.com/search?cs=0&sca_esv=318dfbf2fb24382c&sxsrf=AE3TifPK3uGFbPHbswUgjR9fhvvBCIyW4A%3A1758376269498&q=Lecithinase+Activity&sa=X&ved=2ahUKEwiEw6-HvuePAxWP8gIHHXW8E-gQxccNegQIFhAB&mstk=AUtExfC1ZoehSdgQGsdvNHdSaMOaznTH3JP6qi-7a6NpsDyzePov3UCAkqjuVD1IJ_JsBRw8l7ADW45vStnsfscf4NylFUWj2SkcMaDqyxmVw3bFjTOgO2RucIQotvrwJY5y3Jm5QaTyU4YwX9pGxsoN7YoWjb90VqKeIK48XObQENXmez6Y5prNFDBShOJG9cGcPSypI0pyonT9X-X-U34Rk7ykxjX8-EpwHXu1jv6aD3--Fhu-OI4mEuyeQfv2p1lmhkJ-12-jV9JpohJZ4PrZrpr9&csui=3

