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ABSTRACT

Background: Metals are required in minor amounts in the human body to perform vital functions,
but beyond that level, they become toxic and cause many harmful effects. At present, polluted
water is a large source of these heavy metals inside our body. Bioremediation is one of best treat-
ments for the removal of these heavy metals from water. Objectives: The main objective of the
current study was to isolate metal-reducing bacteria from soil and wastewater samples from differ-
ent industries. Furthermore, the metal reducing potential of the bacteria was also evaluated under
various environmental conditions (pH, temperature, incubation time, and UV exposure). Method-
ology: Different bacterial strains were isolated that were resistant to different concentrations of
zinc (Zn) and chromium (Cr) from wastewater and soil samples from four different industries (Riaz
textile mills, Sitara chemical industry, Mandiali paper mills and Siddique leather works). Morpho-
logical characterization was carried out with the help of Gram staining, spore staining and motility
tests. Biochemical tests were performed, such as catalase, oxidase, and H,S production tests, starch
hydrolysis tests and Simon citrate tests. Chromium reduction after UV exposure was calculated to
check mutation effects on chromium reduction. Results: A total of 14 bacterial strains were iso-
lated from the soil and wastewater samples. Six strains were Zn resistant, while eight strains were
chromium resistant. A total of five strains were isolated from wastewater out of fourteen strains,
while the remaining nine strains were isolated from soil samples of these industries. The bacterial
strains were rod-shaped cocci and coccobacillus. The growth of bacterial strains under different
environmental conditions, such as temperature, pH and incubation time, was observed, and the
best growth was found at 37°C, pH 7.0 and after 48 hrs. Maximum reduction at different concen-
trations was observed at pH 7.0 and 37°C and after 48 hrs. Conclusion: In conclusion, the bacterial
strains isolated from industrial wastes and soils showed significant resistivity against various con-
centrations of Zn and Cr and reduced it efficiently under different conditions (pH, incubation time,
temperature and UV light). The use of microorganisms for bioremediation is an environmentally
friendly and cost-effective approach to reduce heavy metals present in our water and soil.

Key words: Heavy metals, Chromium, Bioremediation, Bacterial Strains

Abeer Kazmi, Department of
Biotechnology, Faculty of Chemical and
Life Sciences, Abdul Wali Khan
University Mardan (AWKUM), Mardan,
Pakistan

Department of Genetics, Institute of
Hydrobiology, University of Chinese
Academy of Sciences (UCAS),
Wuhan,PR China

Email: Abeer_kazmi@yahoo.com

History

e Received: Nov 29, 2021

o Accepted: Feb 05, 2022

e Published: March 31, 2022

DOI : 10.15419/br.v8il.787

‘ m Check for updates

Copyright

© Biomedpress. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

BioMedPress

The Open Access Publisher

INTRODUCTION

Heavy metals are defined as metals with a particular
density greater than 5 g/cm? that have a negative im-
pact on the environment and living beings. When
present in extremely low quantities, these metals are
important for maintaining different biochemical and
physiological processes in living organisms; never-
theless, when concentrations surpass specific thresh-
olds, they become toxic **. Heavy metals are emitted
by natural and anthropogenic activities into the envi-
ronment. Most heavy metals reach the environment

from mining operations>

. Heavy metals also per-
sist in the environment even when mining activities
are stopped. This was due to anthropogenic activities
such as different foods, cosmetics and other chemicals

that we used in our routines contain heavy metals®.

Heavy metals are present in the waste of many indus-
tries, such as the tanning, textile and electroplating

>, When added to other water resources,

industries
including drinking water, their wastewater becomes
a cause of toxicity®. Water contaminated with these
heavy metals when applied to agricultural areas enters
into food crops through the water uptake of plants’.
Due to their nonbiodegradable nature, heavy metals
enter the food chain and affect living species®. When
we consume food with heavy metals, they enter the
human body and affect bodily functions, causing dis-
ease depending upon the metal. The most frequent
heavy metals detected in waste water are arsenic, cad-
mium, chromium, copper, lead, nickel, and zinc, all
of which pose health and environmental hazards®.

Chromium pollution of the environment, specifically
hexavalent chromium pollution, has been a major
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metal-reducing bacteria residing in industrial wastewater: a bacterial-based bioremediation ap-
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problem in recent years 10 Cr(1ID) is oxidized to
Cr(VI) in the presence of sufficient oxygen in the en-
vironment, which is incredibly poisonous and readily
soluble in water !!. Excess chromium in the environ-
ment is harmful to plants because it alters the biologi-
cal components of the plant and enters the food chain
via the ingestion of these plant materials”>!2. Reduced
root development, leaf chlorosis, germination rate in-
hibition, and low biomass are all common symptoms
of Cr phytotoxicity '*~!°. Chromium (V1) has corro-
sive properties and can induce allergic responses in
the body. As a result, inhaling excessive quantities
of chromium (VI) can irritate the nasal lining and
lead to nose ulcers '°. It can also harm sperm and the
male reproductive system 17, causing anemia 18, irrita-
tions, and ulcers in the small intestine and stomach '°.
Chromium also induces allergic responses, including
significant skin redness and edema?’. Humans may
have serious cardiovascular, pulmonary, hematolog-
ical, gastrointestinal, renal, hepatic, and neurologi-
cal consequences, as well as mortality, when exposed
to excessively high concentrations of chromium(VI)
compounds 12122,

Several technologies have been developed for the
treatment of water containing heavy metals and other
waste. Different synthetic compounds are used to
treat such waste types, but they are too expensive.
One and only effective and cost-effective method is
the biodegradation of heavy metals from bacteria.
The main objective of the current study was to iso-
late these bacteria from soil and wastewater samples
from different industries, including the leather indus-
try, paper mill, chemical industry and textile indus-
try, which have the potential to reduce and degrade
chromium (Cr) at different temperatures, pH values
and incubation times. For bacterial characterization,
different morphological, biochemical and physiologi-
cal tests were also performed. The effect of DNA mu-
tation on chromium reduction was also observed after
exposure to UV.

METHODOLOGY

Sample collection

Samples were collected from different industries, in-
cluding Siddique leather works, Mandiali paper mills,
Sitara chemical industry and Riaz textile mills. Waste
water and soil samples of these four industries were
collected by using a bottle following safety precau-
tions. These samples were stored in properly labeled
bottles. These samples were stored under proper con-
ditions before laboratory experiments to avoid reac-
tions (Table 1).

Isolation of metal-resistant bacteria

Metals, including zinc and chromium 1% stock solu-
tions, were prepared in autoclaved distilled water un-
der sterile conditions. Dilution series of all water and
soil samples were made up to 103. Pouring of these
samples (Dilution 3) on L-Agar media with a metal
salt concentration (ZnCly, K;CrOy4) of 100 ul was
performed under sterile conditions in a laminar flow
cabinet. These Petri dishes were placed in an incu-
bator for 24 hours at 37°C. The culture was observed

after a one-day incubation.

Morphological characterization
Colony morphology

Isolated colonies of bacterial strains were obtained af-
ter 24 hrs of incubation. Colonies on the basis of
their different physical appearances were selected and
streaked on L-agar plates. These plates were placed in
an incubator at 37°C for 24 hrs. After isolation, the
shape, size, color and margins of the strains were ob-
served.

Cell morphology
Gram staining

In gram staining, a simple glass slide is used. A drop
of distilled water was placed on a glass slide, and a
smear was made of a 24-hr-old bacterial culture with
the help of a sterile loop. Smear was air dried and
heat fixed after spreading the smear. First, crystal vi-
olet was used to cover the smear for 60 seconds. It
was washed with distilled water after 60 sec. Iodine
solution was used to cover this smear after washing
with water for 45 sec. Again, the smear was washed
with distilled water and dipped into alcohol (95%) for
the removal of extra stain. Secondary dye (Safranin)
was applied for 1 min and washed with distilled water.
These slides were observed under a microscope after
oil immersion.

Spore staining

For spore staining, a drop of distilled water was placed
on a glass slide with a sterile loop. A bacterial cul-
ture, which was 5 days old, was placed on this drop,
and a smear was made with a sterile loop. This smear
was air dried and heat fixed. Smear was submerged in
malachite green (aqueous 0.5%) and heated on steam
for 10 min. The slide was washed with distilled water
to eliminate extra stain. Smear was again submerged
in safranin for 30 sec. The samples were again washed
with water and observed under a microscope with im-
mersion oil.
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Table 1: Soil and wastewater samples from different industries

Sr.no Samples

1 Sample no 1 (L1)
2 Sample no 2 (L2)
3 Sample no 3 (L3)
4 Sample no 4 (L4)

Industries

Siddique leather works
Mandiali paper mills
Sitara chemical industries

Riaz textile mills

Table 2: Zinc and Chromium resistant bacterial strains isolated from different industrial samples

Sr.no Strains Samples
1 S1ZnL;

2 SpZnLy

3 S3ZnL;

4 S4ZnLy

5 SsZnlL3

6 W1ZnL,

7 $2CrL2(A)
8 S>CrLy(B)
9 W;CrL3(A)
10 W, CrL3(B)
11 S4CrLy

12 W4CrLy

13 W3CrL,

14 SsCrL;

Soil sample of Siddique leather works

Soil sample of Siddique leather works

Soil sample of Siddique leather works

Soil sample of Siddique leather works

Soil sample of Sitara chemical industries
Water sample of Siddique leather works
Soil sample of Mandiali paper mills

Soil sample of Mandiali paper mills

Water sample of sitara chemical industries
Water sample of sitara chemical industries
Soil sample of Riaz textile mills

Water sample of Riaz textile mills

Water sample of Mandiali paper mills

Soil sample of Siddique textile mills

Biochemical characterization
Catalase test

This test was used to determine the production of
catalase enzyme. Catalase enzyme catalases oxygen
from hydrogen peroxide and is used to differenti-
ate catalase-producing bacteria (staphylococci) from
noncatalase-producing bacteria (streptococci). In
brief, hydrogen peroxide solution drops were placed
on a glass slide, a loop full of bacterial culture was
placed on this drop, and a smear was made. The ap-
pearance of white bubbles showed positive results.

Oxidase test

This test is used to check the presence of oxidase
enzyme in bacteria. Tetramethylene diamine, a red
dye, is reduced to purple by the oxidase enzyme.
The filter paper was moisturized with a 1% solu-
tion of tetramethyl-p-pHenylene diamine. Fresh cul-
tures (24-48 hours) of different bacterial strains were
smeared with the help of a sterilized platinum loop.

Purple color appearance is on smearing of bacterial
culture showed positive results and vice versa.

Motility Test

This test was performed to check bacterial motility
that either is motile or nonmotile. Nonmotile bacte-
ria grow along a straight line in a tube, while motile
bacteria not only grow along a straight line but also
spread. In the current study, SIM agar was poured
into test tubes and autoclaved. The bacterial culture
was stabbed with the help of a sterilized loop. These
test tubes were incubated for 48 hours in an incuba-
tor at 37°C. After 48 hrs, the bacterial motility pattern
was checked.

Starch hydrolysis test

Initially, bacteria were isolated on L agar plates sup-
plemented with 0.2% starch. Strains were stabbed on
these plates and placed in an incubator for 24 hours
at 37°C. After 24 hours of incubation, strains were

flooded with iodine solution. Clear zones around
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Table 3: Colony morphology of zinc (Zn)- and chromium (Cr)-resistant strains

Srno  Strains Colony morphology
Size Form Pigment Margin Elevation  Texture Opacity
1 S1ZnL, Large Circular Cream Entire Convex Mucoid Non-
opaque
2 S2ZnL, Medium Irregular ~ Off white  Entire Umbonate ~ Shiny Opaque
3 S3ZnL, Medium Circular Off white Entire Flat Shiny Non-
opaque
4 S4ZnL,y Medium Circular Yellow Entire Flat Shiny Non-
opaque
5 SsZnlL3 Large Circular Cream Entire Raised Mucoid Non-
opaque
6 W, ZnL, Large Circular Off white Entire Flat Shiny Non-
opaque
7 S>CrLy(A) Medium Circular Cream Entire Raised Mucoid Non-
opaque
8 S>CrLy(B) Small Irregular White Lobate Umbonate Rough Non-
opaque
9 W, CrL3(A) Medium Circular White Entire Flat Mucoid Non-
opaque
10 W, CrL3(B) Medium Circular Off white  Entire Flat Mucoid Non-
opaque
11 S4CrLy Small Circular Cream Entire Convex Mucoid Non-
opaque
12 W4CrLy Small Circular Yellow Entire Umbonate  Shiny Opaque
13 W3CrL, Medium Circular Off white  Entire Flat Mucoid Non-
opaque
14 S5CrL; Large Rhizoid White Filifom crateriform Rough Non-
opaque

some bacterial strains appeared, which showed that
strains were starch positive, while others were starch

negative.

H,S production test

Some bacteria can breakdown amino acids that con-
sist of sulfur. They reduce inorganic sulfur com-
pounds and produce H;S. To determine H,S produc-
tion in isolated strains, Sim agar medium was pre-
pared, poured into test tubes and autoclaved. These
test tubes were inoculated with fresh bacterial culture
(24-48 hrs) except for the control. These tubes were
placed in an incubator for 24 hours at 37°C. The ap-

pearance of a black medium indicated positive results.

Arginine hydrolysis test

Bacteria can hydrolyze arginine under anaerobic con-
ditions. Arginine broth was prepared, poured and au-
toclaved. It was poured into test tubes that were inoc-
ulated with fresh bacterial culture. Paraffin oil (1 ml)
was poured into each test tube before incubation, in-
cluding the control, to make the conditions anaerobic.
These test tubes were placed in an incubator at 37°C
for 24-48 hrs. The pink color of the medium indicates
positive results.

Physiological characterization
Growth at different pH values

This test was performed to check bacterial strain sur-
vival in acidic, basic and optimum environments. L-
broth was prepared, and its pH was maintained at 3, 5
and 9. This medium was poured into test tubes. These
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Table 4: Cell morphology of zinc (Zn)- and chromium (Cr)-resistant strains

Sr.no Strains Cell shape Gram Staining Spore forma-  Motility
tion
1 Si1ZnL; Coccus + + -
2 S2ZnL; Rod + + -
3 S3ZnL Rod o + -
4 S4ZnLy Coccus + + _
5 SsZnl3 Coccobacilli + + B
6 WiZnL; Rod + + -
7 S>CrLy(A) Rod + + -
8 S>CrL,(B) Coccus + + _
9 W;CrL3(A) Coccus + + _
10 W, CrL3(B) Coccus + + -
11 S4CrLy Coccobeacilli + + -
12 W4CrLy Rod + + -
13 W3CrL, Rod + + -
14 SsCrLy Rod - + -

Table 5: Biochemical characterization of isolated bacterial strains

Sr.no Strains Catalase Oxidase Indole test H2S produc-  Starch Hydroly-
tion test sis test
1 S1ZnL; + + - o -
2 S2ZnLy + + - - -
3 S3ZnL; + + o - -
4 S4ZnL, + + = - +
5 SsZnL3 + + - - +
6 W, ZnL, + + - ; "
7 SpCrLy(A) + + - - -
8 S>CrLy(B) + + . _ +
9 W CrLs(A) + + - ) .
10 W, CrL3(B) + + = - -
11 S4CrLy + + - - +
12 W,4Crly + + - - +
13 W3CrL, + + i . _

14 S5CrLy + + - - -
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Table 6: Heavy metal resistance of zinc (Zn)- and chromium (Cr)-resistant strains at 100 1.l concentration

Srno  Strains Cross Metal resistance at 10011 concentration
Zinc (Zn)  Chromium Cobalt Manganese Nickle Silicon Selenium
(Cr) (Co) (Mn) (Ni) (Si) (Se)

1 S1ZnL, o o o o o X [
2 S»ZnlL, o o o o o X [
3 S3ZnL, o X o o [ X [
4 S4ZnL, o () o o o o 0
5 S5Znlj o o o o o X o
6 W1ZnL; o o [ 0 [ o [
7 S>CrLy(A) 0 o o o o X o)
8 S,CrL(B) X o o [ o o o
9 W,CrL3 (A) o o X o o X o
10 W;CrL3 (B) o o X o o 0 )
11 S4CrLy o o o o o X o
12 W4CrLy o o o o o X [
13 W3CrL, o () o 0 o X 0
14 S5CrL; o o X o o o o

Table 7: Heavy metal resistance of zinc (Zn)- and chromium (Cr)-resistant strains at 150 ul

Sr no Strains Cross Metal resistance at 15011 concentration
Zinc (Zn)  Chromium Cobalt Manganese Nickle Silicon Selenium
(Cr) (Co) (Mn) (Ni) (S1) (Se)

1 S1ZnL; o o o o o X o
2 S2ZnLy 0 o o o o X o)
3 S3ZnL, o X o o o X o
4 S4ZnLy o o o o o o o
5 SsZnL3 o o o o o X o
6 WZnL, o X o o o o o
7 S>CrLy(A) o o o [ o X [
8 S>CrLy(B) X o o o o X o
9 W;CrL3 (A) o o X o o X o
10 W.CrL3 (B) o o X [ o X [
11 S4Crly o () X o o X 0
12 W4CrLy o o o o o X o
13 Wi3CrL, o o [ 0 [ X )
14 S5CrL; X o X o o o o
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Table 8: Heavy metal resistance of zinc (Zn)- and chromium (Cr)-resistant strains at 200 u|

Stn Strains Cross Metal resistance at 20011 concentration

Zinc (Zn)  Chromium Cobalt Manganese Nickle Silicon Selenium(Se)

(Cr) (Co) (Mn) (Ni) (S1)
1 S1ZnL1 o o o o o X [
2 S$2ZnL1 o o o o o X o
3 S3ZnL1 o X o o X X o
4 S4ZnL1 o o o o o o o
5 S5ZnL3 o o X o o X o
6 W1ZnL1 o X o o o o o
7 S2CrL2 (A) o o o o o X [
8 S2CrL2 (B) X o o o o X [
9 WI1CrL3 (A) 0 o X o o X o)
10 WI1CrL3 (B) X o X o X X o
11 S4CrL4 X o X o o X o
12 W4CrL4 o o o o o X [
13 W3CrL2 X o o o o X o
14 S5CrL1 X o X o X o o
Table 9: Heavy metal resistance of zinc (Zn)- and chromium (Cr)-resistant strains at 300 ul

Srno Strains Cross Metal resistance at 30011 concentration

Zinc Chromium Cobalt Manganese Nickle Silicon Selenium

(Zn) (Co) (Ni) (S1) (Se)

(Cr) (Mn)

1 S1Znl, o o o o X X 0
2 S2ZnLy o o o o X X o
3 S3ZnL, o X o o X X o)
4 S4Znl o o o o X o [
5 S5Znlj o o X o X X [
6 W1ZnL, o X o X X 0 o)
7 S,CrL; (A) o o o o X X [
8 S,CrL; (B) X o o o X X [
9 W;CrL3 (A) X o X o X X o
10 W, CrL3 (B) X () X 0 X X 0
11 S4CrLy X o X o [ X )
12 W4 CrLy o o o o X X 0
13 W3CrL, X o o o X X [
14 S5CrL X o X o X o o
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Table 10: Growth of zinc (Zn)- and chromium (Cr)-resistant strains after different time intervals

Sr. no Strains Time (hours)
2 4 6 18 24 48
1 S1ZnL; 0.041 0.472 0.561 1.89 1.989 2.000
2 S»ZnL; 0.058 0.530 0.676 1.213 1.24 0.949
3 S3ZnL, 0.031 0.452 0.613 0.921 1.924 1.543
4 S4ZnL; 0.059 0.563 0.721 0.986 1.014 1.986
5 S5ZnL3 0.050 0.439 0.689 0.890 0.909 1.893
6 W;ZnL, 0.030 0.621 0.798 0.940 0.953 1.923
7 $CrL; (A) 0.073 0.534 0.890 1.231 1.240 2.100
8 S,CrL, (B) 0.045 0.567 0.888 0.987 0.990 1.712
9 W;CrL3 (A) 0.035 0.478 0.650 0.989 1.001 1.754
10 W, CrL3 (B) 0.023 0.211 0.567 0.811 0.813 1.432
11 S4CrLy 0.041 0.314 0.659 0.989 0.990 1.976
12 W4CrLy 0.121 0.362 0.789 0.912 0.930 2.213
13 W3CrL, 0.090 0.450 0.889 0.995 0.100 2.221
14 S5CrL; 0.061 0.313 0.540 0.777 0.780 1.653
Table 11: Effect of pH on the growth of zinc (Zn)- and chromium (Cr)-resistant strains
Sr. no Strains Optical Density at Different Ph (O.D)
3 5 9
1 S1ZnL; 0.412 1.226 0.728
2 S2ZnL 0.451 1.162 0.577
3 S3ZnL; 0.460 0.944 0.633
4 S4ZnL; 0.409 1.200 0.409
5 SsZnL3 0.375 1.052 0.721
6 W;ZnL,; 0.286 0.796 1.100
7 S,CrLy(A) 0.688 1.209 0.488
8 S,CrL,(B) 0.241 0.472 0.644
9 W, CrL3(A) 0.245 0.312 0.503
10 W, CrLs(B) 0.441 1.078 0.618
11 S4CrLy 0.406 0.671 0.204
12 W4CrLy 0.280 0.521 0.423
13 W3CrL, 0.277 0.705 0.570
14 S5CrLy 0.185 1.179 0.223
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Table 12: Effect of temperature on the growth of zinc (Zn)- and chromium (Cr)-resistant strains

Sr. no Strains Optical Density at Different Temperatures (O.D)

27°C 37°C 20°C 42°C
1 S$1ZnL; 0.22 0.752 0.466 0.604
2 S2ZnLy 0.946 0.637 0.303 0.412
3 S3ZnL; 1.808 0.616 0.316 1.109
4 S4ZnL; 0.191 1.522 0.456 0.709
5 SsZnL3 1.602 1.368 0.535 0.654
6 WiZnL; 0.671 1.098 0.589 0.809
7 S,CrLy(A) 0.954 1.140 0.649 0.840
8 $>CrLy(B) 0.507 0.883 0.439 0.228
9 Wi CrL3(A) 0.610 1.218 0.283 0.246
10 W, CrLs(B) 0.482 1.370 0.375 1.062
11 S4CrLy 0.201 1.368 0.322 0.267
12 W4 CrLy 0.747 1.848 0.300 0.364
13 W3Crl, 0.588 1.694 0.297 0.367
14 SsCrL 0.279 0.980 0.329 0.255

Table 13: Effect of incubation time on the growth of zinc (Zn)- and chromium (Cr)-resistant strains

Sr. no Strains Optical Density at Different incubation time at 370C

(O.D)

24hrs 48hrs 72hrs
1 S1ZnL; 0.752 1.011 1.272
2 S2ZnLy 0.637 0.926 1.110
3 S3ZnL; 0.616 0.879 1.314
4 S4ZnL; 1.522 1.721 1.897
5 SsZnL3 1.368 1.509 1.627
6 W, ZnL, 1.098 1.143 1.204
7 S,Crly(A) 1.140 1.532 1.619
8 S»CrL,(B) 0.883 1.090 1.213
9 W, CrLs(A) 1218 1.322 1.430
10 W CrLs(B) 1.370 1.520 1.790
11 S4CrLy 1.368 1.546 1.620
12 Wy CrLy 1.848 1.982 2.120
13 W3CrL, 1.694 1.720 1.910

14 S5CrL; 0.980 1.112 1.329
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Table 14: % of chromium reduction (100 pl) by chromium-reducing bacterial strains at different temperatures

Sr. no Strains % of chromium reduction(100u1)at different temperature
37°C 27°C 25°C
1 S,CrLy(A) 84 67 54
2 S,CrL,(B) 75 56 47
3 W;CrL3(A) 89 72 61
4 W, CrLs(B) 88 51 47
5 S4CrLy 90 60 59
6 W4CrLy 90 77 60
7 W3CrL, 93 73 61
8 SsCrL; 86 60 43

Table 15: % of chromium reduction (150 p.1) by chromium-reducing bacterial strains at different temperatures

Sr. no Strains % of chromium reduction(15041) at different temperature
37°C 27°C 25°C
1 S,CrLy(A) 77 67 54
2 S,CrL,(B) 72 68 50
3 W, CrL3(A) 76 69 42
4 W, CrL3(B) 79 75 70
5 S4CrLy 81 79 65
6 W, CrLy 83 76 59
7 W3CrL, 74 68 67
8 S5CrLy 82 75 72

Table 16: % of chromium reduction (100 1) by chromium-reducing bacterial strains at different pH values

Sr. no Strains % of chromium reduction(100u1) at different pH
5 7 9

1 S2CrLy(A) 89 81 61
2 S,CrL,(B) 67 79 73
3 W;CrL3(A) 87 93 74
4 W, CrL3(B) 84 78 56
5 S4CrlLy 59 91 61
6 W4CrLy 64 88 65
7 W3CrL, 55 83 80
8 S5CrL; 62 87 65

10
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Table 17: % of chromium reduction (150 p1) by chromium-reducing bacterial strains at different pH values

Sr. no

Strains

$2CrLy(A)
S,CrL,(B)
W;CrL3(A)
W CrL3(B)
S4CrLy
W4Crly
W3CrL,

S5CrLy

% of chromium reduction(150u1)at different pH

5

81

55

83

81

57

53

54

60

7

80

71

82

71

83

81

80

74

64

60

65

67

70

69

73

65

Table 18: % of chromium reduction (100 p.1) by chromium-reducing bacterial strains at 37°C at different

incubation times

Sr. no

Strains

S,Crl,(A)
S, CrL>(B)
W;CrL3(A)
W, CrL3(B)
S4CrLy
W4CrLy
W3CrL,

SsCrL

% of chromium reduction (100ul) at 370C at different incubation time

24hrs
66
61
56
67
56
64
78

65

48hrs

72

68

67

79

68

84

86

74

72hrs
76
71
75
87
79
89
93

83

Table 19: % of chromium reduction (150 p1) by chromium-reducing bacterial strains at 37°C at different

incubation times

Sr. no

Strains

S>CrLy(A)
$>CrL,(B)
W;CrL3(A)
W, CrL3(B)
S4CrlLy
W4CrLy
W3CrL,

SSCI‘Ll

% of chromium reduction (150u1) at 370C at different incubation time

24hrs
55
50
65
68
60
80
76

57

48hrs

69

62

70

74

67

82

87

67

72hrs
74
68
73
80
71
85
91

72

11



Biotechnological Research, 2022; 8(1):787

Table 20: % of chromium reduction (100 p.1) by chromium-reducing bacterial strains at 37°C after exposure to

UV light
Sr. no Strains % of Chromium reduction(100u1) at 37°C after UV exposure
Without UV With UV
1 S>CrLy(A) 66 13
2 S,CrL;(B) 61 93
3 W CrL3(A) 56 92
4 W, CrL3(B) 67 94
5 S4CrLy 56 95
6 W4CrLy 64 94
7 W;CrL, 78 91
8 S5CrL 65 93

Table 21: % of chromium reduction (150 p.1) by chromium-reducing bacterial strains at 37°C after exposure to

UV light
Sr. no Strains % of Chromium reduction (150u1) at 37°C after UV exposure
Without UV With UV
1 S,Crly(A) 55 11
2 S,CrL,(B) 50 10
3 Wi CrL3(A) 65 97
4 W, CrL3(B) 68 13
5 S4CrLy 60 16
6 W4CrLy 80 94
7 W;CrL, 76 12
8 SsCrL; 57 14

Table 22: % of chromium reduction (100 p1) by chromium-reducing bacterial strains at 48°C after exposure to

UV light
Sr. no Strains % of Chromium reduction (100u1) after 48 hrs
Without UV With UV
1 $,CrLy(A) 91 24
2 S»CrLy(B) 13 81
3 W;CrL3(A) 37 84
4 W, CrL3(B) 12 87
5 S4CrLy 13 83
6 W4CrLy 26 71
7 W;CrL, 13 86
8 S5CrL 12 89
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Table 23: % of chromium reduction (150 pl) by chromium-reducing bacterial strains at 48°C after exposure to

UV light

Sr. no

Strains

$2CrLa(A)
S»CrL,(B)
W;CrL3(A)
W;CrL3(B)
S4CrLy
W4CrLy
W;CrL,

S5CrL;

% of Chromium reduction (150u1) after 48hrs

Without UV
79
63
61
61
64
63
71

68

With UV
85
84
78
84
85
83
81

71

Table 24: Effect of pH on % chromium (100 ul) reduction at 37°C after UV exposure

Sr. no

Strains

$,CrL,(A)
S>CrL>(B)
W;CrL3(A)
W, CrL3(B)
S4CrLy
W4CrLy
W3CrL,

SsCrL

% of Chromium reduction (100u1) at PH 7 at 37°C after UV exposure

Without UV

89

55

71

73

67

72

74

89

With UV
31
89
86
92
93
77
81

96

Table 25: Effect of pH on % chromium (150 ul) reduction at 37°C after UV exposure

Sr. no

Strains

S>CrLy(A)
$»CrLy(B)
W;CrL3(A)
W, CrL3(B)
S4CrLy

W4 CrLy
W3CrL,

55CIL|

% Chromium reduction (150ul) at PH 7 at 37°C after UV exposure

Without UV

71

65

73

74

87

72

79

78

With UV
93
80
84
91
95
79
83

90
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test tubes were autoclaved at 121°C at 15 psi for 15
minutes. The bacterial culture was inoculated with
the help of a sterilized loop. Test tubes were incubated
for 24-48 hours in an incubator at 37°C. After incu-
bation, O. of all bacterial strains at different pH values
was measured, which determined bacterial survival in

acidic and basic media.

Growth at different temperatures

Bacterial growth at different temperatures was
checked to determine bacterial survival at high and
low temperatures and to determine the optimum
temperature for maximum bacterial growth. L-Broth
These
test tubes were autoclaved. These test tubes were

was prepared and poured into test tubes.

inoculated with bacterial culture and placed in dif-
ferent incubators at different temperatures, including
37°C, 27°C, 30°C and 25°C, for 24 hours. O. D was
measured for these strains at different temperatures
by spectrophotometry at 540 nm. This O. D shows
bacterial resistance to different temperatures and
optimum temperatures at which maximum growth
was obtained.

Growth at different incubation times

Bacterial growth at different incubation times was
checked to determine the optimum incubation time at
which maximum growth occurs. This broth was inoc-
ulated with strains and placed in an incubator at 37°C
after 24 hrs, 48 hrs and 72 hrs. After 24 hrs, the op-
tical density (O. of all strains were measured by spec-
trophotometry at 540 nm. The optical density of the
strains was also determined after 48 hrs and 72 hrs.

Growth curve

Bacterial life phases, such as the stationary phase, lag
phase, log phase and declining phase, could be de-
scribed by growth curves with respect to time. These
phases could be determined by plotting this graph. L-
Broth was prepared and poured into test tubes to de-
termine growth after different time intervals. These
test tubes were autoclaved and inoculated with bacte-
rial culture. These test tubes were placed in an incu-
bator at 37°C for 24 hours, and O. D of all strains was
calculated after different time intervals of 2, 4, 6, 18,
24 and 48 hours to check bacterial growth.

Metal resistance test

Bacterial resistance against different metals, includ-
ing lead (Pb), nickel (Ni), zinc (Zn), mercury (Hg),
chromium (Cr), cobalt (Co), silver (Si) and man-
ganese (Mn), was checked. L- agar media was pre-
pared and autoclaved. Stock solutions of different
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salts were prepared by mixing 1 g of each salt in 100
ml of autoclaved water. Before pouring, different
salt concentrations, including ZnCly, ky CrO4, HgCl,,
MnSOy, NiClp, CoCly, and SiCly, with different con-
centrations (100 ul, 150 pl, 200 ul, 250 ul, 300 ul)
were prepared. Strains were streaked against differ-
ent metal concentrations. These plates were incubated
for 24 hours at 37°C°C. The appearance of bacterial

strains showed positive results.

Chromium reduction under different con-
ditions

Chromium reduction at different tempera-
tures

Potassium dichromate reduction was checked at dif-
ferent temperatures (27°C, 37°C, 25°C). L-broth was
supplemented with K,CryO7 (100 ul, 150 ul). Each
test tube with 5 ml media was inoculated and placed
in an incubator for 24 hours. After incubation, 2 ul of
culture media was transferred into autoclaved Eppen-
dorf tubes. These Eppendorf tubes were centrifuged
at 6000 rpm for 15 minutes. Pellets were settled down
after centrifugation. One hundred microliters of sus-
pension was transferred to test tubes containing 10 ml
of distilled water. One to two drops of diphenyl car-
bazide were also added to these test tubes. The optical
density of each strain was measured in a spectropho-
tometer at 540 nm. This optical density determined

the chromium content at different temperatures.

Effect of different pH values on chromium re-
duction

To observe the effect of different pH values on
chromium reduction, L-broth was prepared with dif-
ferent pH values (3, 5,7 and 9) by adding acid and base
with different potassium dichromate concentrations
(100 pl, 150 pl) and transferred into autoclaved test
tubes (5 ml each). These test tubes were labeled prop-
erly and inoculated. After inoculation, these tubes
were placed in an incubator at 37°C for 24 hrs. After
incubation, the culture media was transferred into au-
toclaved Eppendorf tubes (1.5 ml each). These Eppen-
dorf tubes were centrifuged at 6000 rpm for 15 min-
utes. After centrifugation, the pellets were settled at
the bottom. The supernatant (100 ul) was transferred
to test tubes containing 10 ml of distilled water. Then,
1-2 drops of diphenyl carbazide were added to each
test tube, and the chromium content was measured

under a spectrophotometer at 540 nm.
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Effect of different incubation times on
chromium reduction

This experiment was performed to determine the best
incubation time at which maximum chromium re-
duction occurs. This experiment was performed for
two concentrations (100 pl, 150 ul), and all strains
were inoculated into L-broth. These strains were
placed in an incubator at 37°C for 24 hrs. After 24
hrs, 2 ml of cultured broth was taken in Eppendorf
tubes. The Eppendorf tubes were placed in a cen-
trifuge at 6000 rpm for 10 mins. The pellet was set-
tled at the bottom, while the supernatant was present
above. This supernatant (100 ul) was transferred into
test tubes containing 10 ml distilled water and 1-2
drops of diphenyl carbazide. The optical density of
this solution was measured by a spectrophotometer at
540 nm. The same procedure was performed after 48
hrs and 72 hrs, and O. D was calculated for all strains.
Comparison of this O. D was performed to determine
the best incubation time.

Comparison of chromium reduction (100 i,
150 ul) with and without UV at 37°C

Chromium reduction with and without UV exposure
was performed to estimate the effects of mutation
on chromium reduction. L-Broth was prepared by
adding chromium at different concentrations (100 ul,
150 ul) inoculated with strains and exposed to UV for
half an hour. After exposure to UV, these test tubes
along with the control were incubated at 37°C for 24
hrs. After 24 hrs, the cultured broth (2 ml) was col-
lected in an Eppendorf tube and centrifuged at 6000
rpm for 10 mins. Pellets were settled down while su-
pernatant was present above. The supernatant (100
ul) was transferred into test tubes containing 10 ml
distilled water and 2-3 drops of diphenyl carbazide.
This solution was then used to determine chromium
reduction by using a spectrophotometer at 540 nm.
Comparison of both the control and those that were
exposed to UV was made to determine chromium re-
duction.

Comparison of chromium reduction (100 i,
150 ul) at pH 7 with and without UV exposure

Chromium reduction at pH 7 was checked after muta-
tion, and a comparison was made of it with those that
were not exposed to UV to check mutation effects on
reduction. The pH of the L-broth was maintained at
7. L-broth with different chromium concentrations
(100 ul, 150 ul) was inoculated with all chromium
strains. A set of controls (not exposed to UV) and a
set of tubes exposed to UV was prepared. Tubes were

exposed to UV for half an hour. After exposure to
UV, these tubes were placed in an incubator for 24
hrs. After 24 hrs, cultured broth was transferred into
Eppendorf tubes and placed in a centrifuge at 6000
rpm for 10 mins. The supernatant (100 u1) was trans-
ferred to test tubes containing distilled water (10 ml)
and 2-3 drops of diphenyl carbonate. This solution
was used to determine chromium reduction and to
make a comparison by using a spectrophotometer at
540 nm.

Comparison of chromium reduction (100 p,
150 ul) with and without UV after 48 hrs

Chromium reduction with and without UV exposure
was performed to estimate the effects of mutation on
chromium reduction after 48 hrs, as maximum re-
duction was observed after 48 hrs. L-Broth was pre-
pared by adding chromium at different concentra-
tions (100 ul, 150 ul) inoculated with strains. A set
of strains with different concentrations (100 pl, 150
ul) were exposed to UV for half an hour. After ex-
posure to UV, these test tubes along with the control
were incubated at 37°C for 48 hrs. After 48 hrs, the
cultured broth (2 ml) was collected in an Eppendorf
tube and centrifuged at 6000 rpm for 10 mins. Pel-
lets were settled down while supernatant was present
above. The supernatant (100 ul) was transferred into
test tubes containing 10 ml distilled water and 2-3
drops of diphenyl carbazide. This solution was then
used to determine chromium reduction by using a
spectrophotometer at 540 nm. Comparison of both
the control and those that were exposed to UV was
made to determine chromium reduction.

RESULTS

Isolation of bacteria

Bacterial strains were isolated from samples of soil
and wastewater taken from four different industries,
including the Siddique leather industry, Mandiali pa-
per mills, Sitara chemical industry and Riaz textile
mills. This strain isolation was performed by using
wastewater and soil from different industries as car-
bon sources (Table 1).

Isolation of these strains was performed against heavy
metals such as zinc (Zn) and chromium (Cr) at a con-
centration of 50 ul. A total of 14 strains were iso-
lated 6 were zinc resistant, and 8 were chromium re-
sistant. Four zinc-resistant strains (S;ZnL;, SpZnL;,
S3ZnL; and S4ZnL;) were isolated from soil sam-
ples from the Siddique leather industry, while the
fifth and sixth strains SsZnL3 and WZnL; were
isolated from soil samples from the Sitara chemical
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Figure 1: Isolation of bacterial strains; zinc (Zn)-resistant strains (A), chromium (Cr)-resistant strains (B)

industry and wastewater from the Siddique leather
industry, respectively, as mentioned in the table.
Chromium-resistant strains (S, CrL, (A), S,CrL; (B),
S4CrLy4, SsCrL;) were isolated from soil samples,
while W] CI'L3 (A), W] CrL3 (B), W4CrL4, W3CI‘L2
were isolated from wastewater samples of industries
(Table 2).

Morphological Characterization
Colonial morphology

The colony morphology of all bacterial strains, includ-
ing zinc-resistant and chromium-resistant strains,
was observed by observing their form, elevation, mar-
gin, texture, pigment and opacity. Most zinc-resistant
bacterial strains were circular in form except S,ZnL,
which was irregular. Similarly, chromium-resistant
bacteria were also circular, except SsCrL; (Table 3).
The size of the bacterial strains varied from small to
large. Among the strains isolated, the colony mor-
phology of S;ZnL;, SsZnL3, W;ZnL;, and S5CrL,
was larger and circular. The pigment of the majority
of strains was white to off white or cream, while only
S4ZnL; and W4CrL4 were yellow in color. Similarly,
the texture of the strains was shiny and mucoid, while
S>CrL,(B) and SsCrL had a rough texture (Table 3).
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Cellular morphology

The cell morphology of all bacterial strains was ob-
served by certain tests, such as Gram staining, spore
staining and motility (Table 4). The shape of the iso-
lated bacterial cells ranged from rods to cocci. Most
strains were rod shaped, while S,CrL, (B), WCrL3
(A), W{CrL;3 (B), S;ZnL;, and S4ZnL; were coccus,
and S4CrL4 and S5ZnlL3 were Coccobacilli. The bac-
teria were gram-positive, except S3ZnL; and SsCrL;.
For spore staining, a three-day-old bacterial culture
was used. All strains gave positive results for spore
production. To check whether the bacterial strains
were motile, a motility test was performed. SIM agar
was used to check out motility. All bacterial strains
were nonmotile (Table 4).

Biochemical characterization
Catalase test

A catalase test was performed to determine whether
metal-resistant bacteria have catalase enzymes. Pos-
itive catalase results were observed for all bacte-
rial strains, including zinc resistant, such as S;ZnLy,
SzZnLl, SanLl, S4ZnL1, Ssan3, and lenLl , and
chromium resistant, such as S,CrL,(A), S;CrL,(B),
S4CrL4, S5CrL1, W1CrL3 (A), W1CIL3(B), W4CI‘L4,
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Figure 2: Gram staining of different isolated strains; S4CrL4 and SsZnL3 are gram-positive, SsCrL; and S3ZnL; are

gram-negative

and W3CrL,, by the production of bubbles of H,O;
on glass slides with bacterial culture (24-48 hours)
(Table 5).

Oxidase and indole test

Similarly, an oxidase test was performed to check the
presence of oxidase enzyme. Oxidase positive results
were observed in all bacterial strains by purple color
appearance with tetra methyl-p phenylene diamine
oxidase enzyme presence based on blue color appear-
ance. The indole test was performed to check for the
presence of the enzyme tryptophanase. All bacterial
strains were found to be indole negative because no
color change appeared on filter paper (Table 5).

H,S production and starch hydrolysis

The bacterial ability to breakdown sulfur-containing
compounds and H,S production was checked by the
H,S production test. All bacterial strains were found
to be negative, as no black color appeared in test
tubes containing SIM agar inoculated with bacte-
rial strains. Positive results for the starch hydroly-
sis test were observed for some bacterial strains, in-
cluding SzCrLz(B), S5CrL1 > SsCI‘Ll, S4ZnL1 > S5ZnL3,

WiZnL;, and S3ZnL;, due to the appearance of a
clear zone around the bacterial culture, while other
bacterial strains were negative, as no clear zone ap-
peared around the bacterial culture (Table 5).

Heavy metal resistance profiling

All bacterial strains, including zinc- and chromium-
resistant strains, were checked for cross-metal resis-
tance, including zinc chloride (ZnCly), potassium
dichromate (K, CrQy), nickel chloride (NiCl,), cobalt
chloride (CoCl,), sodium selenite (NaySeO3), silver
chloride (SiCly) and manganese chloride (MnCl,), at
different concentrations (100 ul, 150 ul, 200 ul, 300
ul).

All bacterial strains were resistant to zinc (Zn), man-
ganese (Mn), selenium (Se) and nickel (Ni). In the
case of chromium (Cr), cobalt and silver, some strains
were sensitive. S3ZnL; was sensitive to chromium,
while W;CrL3 (A) and S5CrL; were sensitive to
cobalt. All strains were sensitive to silver (Si) except
S4ZnLy, W ZnL;, W CrL3 (B) and S5CrL;. Most
of the strains were resistant at 100 ul and 150 ul to
all metals except silver (Si). Most strains were sen-
sitive to all metals except nickel (Ni) and selenium
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SiCrLa(A) ,

rcontrol |

Figure 3: Oxidase test for Zn- and Cr-resistant isolated strains

(Se) at concentrations of 200 ul and 300 ul, respec-
tively. All strains were resistant to nickel (Ni) and
manganese (Mn) at all concentrations (Tables 6, 7, 8
and 9). Among the strains, S4ZnL;, W;ZnL;, and
SsCrL; were resistant to various metals exploited at
100 ul concentration. The resistivity decreased with
increasing concentration. Only S4ZnL; was resistant
against all metals at 150 and 200 u1 concentrations.

Growth curve

Growth of all bacterial strains was observed after time
intervals of 2, 4, 6, 18, 24, and 48 hours by measuring
the optical density (O.D.). No growth was observed
after 2 hours. Growth started increasing after 4 hours
of incubation. After 6 to 18 hrs, growth increased
sharply. After that, growth stopped increasing, and
the stationary phase started when there was no appre-
ciable increase in growth. After 48 hours, no further
increase in growth was observed. Maximum growth
was observed in the S;ZnL;, SoCrL, (A), W4CrLy
and W;3CrL, strains (2.000, 2.100, 2.213, and 2.221,
respectively) after 48 hours (Table 10).

Effect of pH on growth

The growth of bacterial strains was observed at dif-
ferent pH values, including 3, 5, and 9, to deter-
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mine which environmental conditions, either acidic
or basic, are suitable for their survival and maximum
growth. The growth of bacterial strains was observed
by taking the optical density of cultured broth from
a spectrophotometer at 600 nm. The graph was plot-
ted between different pH values and bacterial strains,
which showed that maximum growth of zinc- and
chromium-resistant bacterial strains was observed at
pH 5, except for some strains, such as W ZnL|, whose
growth was greater (1.100) under alkaline conditions
(pH 9). The growth at pH 3 was lower, while at pH 9,
growth was enhanced (Table 11).

Growth at different temperatures

Growth at different temperatures (27°C, 37°C, 20°C,
42°C) was observed to determine the optimum tem-
perature for bacterial growth. Optical density was cal-
culated with the help of a spectrophotometer at 600
nm. The optimum temperature for bacterial growth
was 37°C. Bacterial strains showed maximum growth
at 37°C compared with 27°C, 20°C and 42°C. Min-
imum growth was observed at 20°C (Table 12). The
maximum growth was detected in the W4CrLy4 strain
(1.848), followed by W3CrL; (1.694).
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Growth at different incubation times

The growth of all strains was checked after different
incubation times (24 hrs, 48 hrs, 72 hrs) by calculat-
ing the optical density from a spectrophotometer of
cultured broth. Much growth was observed after 72
hours compared to 24 and 48 hours (Table 13). The
growth of the strain increased with increasing incu-
bation time, and maximum growth was achieved by
the W4CrLy strain (2.120) after 72 hours, followed by
W3CrL, (1.910).

CHROMIUM REDUCTION TESTS

Chromium reduction at different tempera-
tures

Chromium reduction with different concentrations
(100 pl, 150 ul) at different temperatures (37°C,
27°C, 25°C) was checked by using diphenyl carbazide
as an indicator for chromium reduction. This exper-
iment was performed to estimate the optimum tem-
perature for chromium reduction at which maximum
reduction occurs. Maximum reduction was observed
at 37°C, as determined by the optical density calcu-
lated by a spectrophotometer at both concentrations.
The reduction at a higher concentration (150 ul) was
less than that at 100 pl. The reduction at 27°C was
greater than the reduction at 25°C. The maximum
chromium reduction was reported by the W3CrL,
strain (93% reduction) when exposed to 100 ul of
chromium at 37°C, followed by S4CrL4 and W4CrL4
(90%). The % reduction was reduced to 83% when
strains (W4CrL4) were exposed to higher concentra-
tions (150 pl) (Tables 14 and 15)

Chromium reduction at different pH values

Chromium reduction with different concentrations
(100 pl, 150 ul) at different pH values (5, 7, 9)
was also checked by using diphenyl carbazide as
an indicator for chromium reduction. This experi-
ment was performed to estimate the optimum pH for
chromium reduction at which maximum reduction
occurs. W;CrL3(A), S4CrLy, W4CrLy, and S5CrL;
showed maximum reduction at pH 7 (93%, 91%, 88%
and 87%, respectively) when exposed to 100 ul, as
determined by the optical density. For some strains,
such as S,CrL2(A) and W1CrL3(B), the reduction
was maximum at pH 5 (Table 16). At a higher con-
centration of chromium (150 ul), the reduction po-
tential of bacterial strains was reduced even at neutral
pH (7). Maximum reduction at higher concentrations
was detected in S4CrL4 and W CrL3(A) (Table 17).

Chromium degradation at different incuba-
tion times

The chromium reduction potential of the bacterial
strains was analyzed with different concentrations
(100 ul, 150 ul) at different incubation times (24
hrs, 48 hrs, 72 hrs) by using diphenyl carbazide as
an indicator for chromium reduction. The maximum
chromium reduction potential of the strains was ob-
served after 72 hrs of incubation at 37°C when ex-
posed to 100 ul of chromium. Maximum reduc-
tion was detected in W3CrL, (93%), determined as
the optical density by spectrophotometer. A simi-
lar strain also showed maximum reduction even at
a higher concentration of chromium (150 ul) (Ta-
bles 18 and 19).

Chromium reduction after UV exposure un-
der different environmental conditions

Chromium reduction at 37°C

Comparison of chromium reduction (100 ul, 150
ul) with and without exposure to ultraviolet light
(UV) was checked in this experiment. Reduction
was checked after half an hour of exposure of in-
oculated broth to UV and was compared to inocu-
lated broth without exposure to UV after 24 hrs of
incubation at 37°C. Chromium reduction was inter-
estingly increased with UV exposure compared to
those that were not exposed to UV at both concen-
trations in all strains except SpCrL, (A). Reduction
of chromium after UV exposure showed that muta-
tion occurring in strains has a positive effect, except
in the case of SoCrL, (A), as it exerted a negative ef-
fect on reduction potential. With UV exposure, the
reduction was increased by 56% to 95% in S4CrLy,
followed by W4CrL4, W;CrL3(B) and SsCrL; (Ta-
ble 20). Similarly, the chromium reduction potential
of W;CrL3(A) was elevated from 65% to 97% even at
150 pl of chromium (Table 21).

Chromium reduction after 48 hrs

Chromium reduction was greater after exposure to
UV light than after exposure to UV at both concen-
trations (100 ul, 150 pl) due to mutation, which had
a positive effect. In some strains, mutation nega-
The
chromium reducing capability of SCrL;(A) was ad-
versely affected by UV light (91% to 24%). The maxi-
mum reduction results were revealed by S5CrL; (12%
to 89%) at 100 ul of chromium when exposed to UV
light (Table 22). At higher levels of heavy metals,
the maximum % reducing ability was shown by the
S>CrL(A) and S4CrLy4 strains (Table 23).

tively affected chromium (100 ul) reduction.
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Chromium reduction at pH 7

Under an optimum neutral pH, UV light increased
the chromium reduction ability of the bacterial
strains. Maximum chromium reduction at 100 pl af-
ter UV exposure was revealed by SsCrL;, S4CrLy, and
W, CrL3(B) (96, 93 and 92%, respectively). Among
all bacterial strains, the metal reducing ability of
S»CrL,(A) was significantly affected by UV light (Ta-
ble 24). UV light exposure dramatically enhanced the
metal reducing potential of S;CrL,(A) when treated
with 150 ul of metal. At higher concentrations, under
UV light, the highest chromium reduction was dis-
played by S4CrL4, SoCrL;(A), and W CrL3(B) (95,93
and 91%, respectively) (Table 25).

DISCUSSION

Different industries, such as paper, leather, textile and
other industries, release different hazardous, toxic
and harmful substances and heavy metals through
wastewater |. Waste water containing hazardous and
harmful substances enters drinking water and con-
taminates it, and if water contaminated with these
substances is applied to food crops in fields, it enters
crops by water uptake. This contaminated food inges-
tion may result in different harmful effects on human
health 3. Heavy metals are abundant in wastewater,
such as chromium, selenium, zinc, and cobalt. Dif-
ferent chemical and biological methods are used for
the remediation of heavy metals. In bioremediation,
microbes are used to convert toxic chemicals into less
toxic or nontoxic forms. Microbes have certain en-
zymes that help to convert toxic chemicals into non-
toxic forms 4,

Heavy metal-resistant bacteria can be isolated from
polluted water and soil. In the current study, differ-
ent bacterial strains were initially isolated by pour-
ing dilute samples of soil and wastewater from Sid-
dique leather works, Mandiali paper mills, the Sitara
chemical industry and Riaz textile mills (Table 1).
They were isolated on media containing 50 pl of
salts such as zinc (ZnCl,) and chromium (K,CrOy).
Different colonies were picked and then streaked
on L-agar plates. The bacteria selected from these
plates were resistant to these metals. These bac-
teria, such as S1ZnL;, S;ZnL;, S3ZnL;, S4ZnL1,
SsZnL3 and WZnL, were zinc-resistant bacteria,
while S,CrL; (A), S,CrL, (B), W{CrL3 (A), W{CrL3
(B), S4CrLy4, W4CrLy, W3CrLy and S5CrL; were
chromium-resistant bacteria (Table 2). They were iso-
lated and purified at 37°C after 24 hrs of incuba-
tion. Colonies were picked on the basis of their differ-
ence in appearance. Colony morphology of fresh cul-
tures of these strains was observed. All strains were
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off white and white in the case of zinc, while some
strains were yellowish and transparent in the case
of chromium-resistant strains. Gram staining deter-
mined that most bacteria were gram-positive except
some S3ZnL; and S5CrL; which were gram-negative.
Previous studies have shown that gram-positive bac-
teria are more resistant to gram-negative bacteria. All
strains were rod, coccobacillus and cocci (Tables 3
and 4).

Spore staining of these strains was performed after
7 days of incubation to determine spore formation.
All bacterial strains showed positive results for spore
staining. The motility of all strains was also observed.
All strains found to be nonmotile exhibited growth
in a straight line in SIM agar. Different biochemi-
cal tests were performed for bacterial identification,
such as catalase and oxidase tests, to check for the
presence of catalase and oxidase enzymes. All strains
gave positive results for catalase and oxidase by pro-
ducing bubbles upon reaction with hydrogen perox-
ide (H,0;) and by dark blue color production upon
reaction with reagent (Table 5). A starch hydrolysis
test was also performed to check the production of
amylase enzyme by bacteria to produce sugar. Media
consisted of starch, and the reaction with iodine after
incubation showed a clear zone in the case of S,CrL,
(B), S5CrLy, S5CrLy, S4ZnL1, SsZnL3, W{ZnL,, and
S3ZnL;. Starch was consumed by bacteria producing
the enzyme amylase and converted into mono- and
disaccharides. This sugar was catabolized in cells. The
positive results for starch hydrolysis indicated that
they are Bacillus strains. Others did not show posi-
tive results for starch hydrolysis due to the absence of
amylase enzyme (Table 5). An H,S production test
was performed to determine the production of H,S
by bacteria by the decomposition of sulfur-containing
This test differentiates between bac-
It is used for the identifi-
cation of bacteria belonging to the family Enterobac-

amino acids.
teroid . and Brucella®.

teriaceae®. All bacterial strains, including Zn- and
Cr-resistant strains, showed negative results. A Si-
mon citrate biochemical test was used to identify bac-
teria using citrate as a carbon source and lyses citrate
into alkaline carbonate and bicarbonate. S,CrL, (B),
S5CI‘L1 s SsCI’L] s S4ZHL1 s S5ZnL3, W] ZnL1 s W1 CI‘L3
(B), W CrL3 (A), W4CrLy, and S4CrL4 showed a
change in color from green to orange, while the others
showed no change in color. Change in color to orange
identifies bacteria belonging to Serratia marcescens
and Enterobactor. Negative results showed by bacteria
identified that bacteria are Escherichia coli. All strains
gave negative results for the indole test because of the
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absence of the enzyme typtophenase. No pink color
appeared on filter paper, showing negative results.

Heavy metal resistance profiling was performed
against different metals, such as COCl,, SiCly,
MnSOy, Na,SiO3, NiCly, ZnSO4 and Ky CrOy, at dif-
ferent concentrations. These strains showed resis-
tance to a wide range of heavy metals. In a previ-
ous study, Samnata et al. (2017) isolated strains from
wastewater that were resistant to high concentrations
of heavy metals such as cadmium, chromium, nickel
and cobalt?’. The concentrations of these heavy met-
als were 50 ul, 100 ul, 150 ul, 200 ul, 250 pl and 300
ul. The resistance of heavy metals was checked by
making a 1% solution of these metals. The required
concentration of heavy metal was then added to L-
agar media from a stock solution of metal. Strains
were resistant to all metals at 50 ul and 100 ul con-
centrations of almost all metals. Some strains became
sensitive to 150 ul of certain metals. Cr strains were
resistant to zinc metal up to a concentration of 300 ul,
except for some strains, such as S,CrL; (B), W CrL3
(A), W]CI‘L3 (B), S4C1‘L4, W3CI‘L2, and SSCrLl. All
zinc strains were resistant to chromium up to a con-
centration of 300 ul except W ZnL;.
cluding chromium-resistant and zinc-resistant strains

Strains in-

were also resistant to higher concentrations of cobalt
(300 ul), except a few of them were sensitive, such
as SsZnL;, W CrL3(A), W{CrL3(B), S4CrLy4, and
SsCrL;. All strains were resistant to higher concen-
trations of manganese and selenium, but in the case
of silver, only S4ZnL, W;ZnL;, SsCrL; and S4CrL4
were able to survive at higher concentrations of nickel
(Tables 6, 7, 8 and 9).

Previous studies determined that heavy metal-
resistant bacteria isolated from municipal wastewater
showed maximum growth at temperature (30-40°C
and pH 6-9) 527 In the current research, growth was
observed at different incubation times (24 hrs, 48 hrs,
72 hrs) by inoculating strains with a sterilized loop at
37°C. The optical density of all strains was measured
after different times. Maximum growth was observed
after 72 hrs. The growth rate of bacteria was checked
by calculating its optical density after 2, 4, 6, 18, 24,
48 h. Different phases of bacterial life were observed
by plotting a graph between time and bacterial cells.
Different strains showed different growth patterns,
including their lag, log, stationary decline and death
phases. Cultural conditions were constant for all, i.e.,
pH 7 and temperature 37°C. Some strains showed a
rapid increase in growth compared with others, such
as S4ZnL4, lenLl, SzCrLz (A), S4C1‘L4, W4C1‘L4,
W3CrLy, and SsCrLj. The growth of all strains
increased (Tables 10, 11, 12 and 13).

Hexavalent chromium reduction to less toxic triva-
lent chromium is an important environmental con-
cern due to its mobility and toxicity>*=>*. Chromium
reduction of chromium strains with different Cr salt
concentrations (100 pl, 150 ul) was observed using
diphenyl carbazide as an indicator. Cultured broth
along with the required salt concentration was cen-
trifuged, and then the supernatant was used to make a
solution with distilled water along with an indicator to
determine chromium reduction by measuring the op-
tical density. Cr reduction was observed at different
temperatures (27°C, 42°C, and 37°C), pH values (5,
7,and 9) and incubation times (24 hrs, 48 hrs, and 72
hrs). The optical density of the solution determined
the level of chromium reduction. % chromium reduc-
tion was maximum at 37°C when observed at differ-
ent temperatures at 100 ul compared to 150 ul. Pre-
vious studies have shown that bacteria decrease with
increasing concentrations of chromium3!. Therefore,
fewer bacteria are available to reduce chromium. In
the present study, some bacteria showed greater po-
tential to reduce chromium even at higher concen-
trations (150 ul), such as W4CrL4. The reduction
at room temperature was less due to less growth of
bacteria than at other temperatures due to less mi-
crobial activity. Some strains reduced chromium at
concentrations of 100 ul up to 93% at 37°C, such as
W3CrL,, while it showed 74% reduction at 150 ul
at 37°C. Maximum reduction was observed at 37°C
compared to other temperatures at 150 ul (Tables 14,
15,16, 17, 18 and 19). A study conducted by Faisal et
al. *? showed that some bacterial strains showed max-
imum reduction at pH 7. Similarly, it was also re-
ported that some bacterial strains showed maximum
reduction of chromium under acidic conditions (pH
5) 33 In the case of some strains, alkaline conditions
are favorable for reduction at both concentrations. In
the present research, reduction at different incubation
times at different concentrations (100 ul, 150 pl) was
observed and found to be greater after 72 hrs of in-
cubation at 37°C by all strains, including chromium-
and zinc-resistant strains. After 72 hrs, growth was
greater than that after a shorter incubation time. Max-
imum bacteria are present to reduce the maximum
amount of chromium. W3CrL, showed greater po-
tential to reduce chromium at 100 ul, while S,CrL,
showed the potential to reduce chromium up to 94%
at cobalt chloride, manganese chloride, nickel chlo-
ride, dipotassium chromate, and zinc chloride con-
centrations after 72 hrs of incubation. Shakoori et
al.** conducted a study on hexavalent (VI) chromium
reduction by bacterial strains isolated from different
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tannery effluents. These strains were used for hex-
avalent chromium reduction with different chromium
concentrations from 50 to 350 mgL~! at different in-
cubation times. These strains showed 87% chromium
reduction after 72 hrs3*.

ducted on hexavalent chromium reduction by bac-

Another study was con-

terial isolates that were isolated from dichromate-
contaminated industrial soil. Bacterial strains showed
a greater potential for hexavalent chromium reduc-
tion at 30°C and pH (7-10) after 72 hrs3>.

The effect of DNA mutation was checked by expos-
ing inoculated L-broth to UV for half an hour. This
broth was incubated at different temperatures for 24
hrs. The cultured broth was centrifuged to obtain the
supernatant. This supernatant was then used to deter-
mine chromium reduction. The optical density of all
controls (without UV exposure) exposed to UV was
calculated from a spectrophotometer at 540 nm. A
comparison was made between both. DNA mutation
after exposure to UV radiation resulted in a change
in the percentage of chromium reduction at different
concentrations. At a lower concentration of 100 ul,
the reduction was found to be more similar to that at
a higher concentration (150 ul) (Tables 20, 21, 22, 23,
24 and 25). As the salt concentration increased, most
of the bacteria were unable to survive in the saline
environment. Mutations can be induced by different
physical and chemical methods. Ultraviolet radiation
is a physical method to induce mutation by forming
pyrimidine dimerization and cross links>°. This mu-
tation is introduced for better results of bioremedia-
tion of toxic compounds as well as of heavy metals?’.

CONCLUSION

Heavy metal contamination has massive environmen-
tal and economic consequences on soils and water,
causing changes that can disrupt the nutrient cycle,
impede nutrient uptake by plant roots, and reduce
agricultural output. Vegetation, soil fertility, and soil-
borne microbes are all severely harmed as a result
of this contamination. Heavy metals infiltrate food
systems and have an impact on living creatures ow-
ing to their nonbiodegradable nature. When we eat
foods containing heavy metals, they enter our bodies,
affecting our bodily functioning and causing disor-
ders. Bioremediation is an environmentally friendly
and cost-effective way to reduce heavy metals present
in our water compared to synthetic treatments. In the
current study, the bacterial strains isolated from in-
dustrial wastes and soils showed significant resistiv-
ity against various concentrations of Zn and Cr and

22

reduced it efficiently under different conditions (pH,
incubation time, temperature and UV light). The

stated efficacy of indigenous bacteria in the remedi-
ation process may be enhanced and used for in situ
bioremediation standardization and biodegradation
protocol development. The far-reaching advantages
might result in efficient contaminated soil and water

restoration.
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