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Chromium occurs in oxidation states from +2 to +6 with +3 and +6 being the
most important biologically. The trivalent state is the most stable form while
hexavalent form tends to associate with oxygen generating very strong oxidizing
species i.e., chromates (CrO4™) and dichromates (Cr,O;7 ). The biological effects
of chromium are highly dependent on its oxidation states. Being mutagenic,
carcinogenic and terartogenic, hexavalent Cr is about 100-fold more toxic than
trivalent forms (Cervantes 1991; Ohtake and Silver 1994). In contrast trivalent
chromium compounds are relatively innocuous and even essential to human
health in trace quantities (Vincent 2000).

The uses of chromium compounds are extended to diverse industrial processes
such as leather tanning, pigment production, electroplating, textile and wood
preservatives, etc. The wide spread use of chromium and frequent disposal of by-
products and wastes from various industries without prior treatment have created
serious problems of environmental pollution (Cervantes et al. 2001). The use of
microorganisms for the removal / detoxification of toxic metals from polluted
areas has been considered an important cost effective alternative to the currently
available technologies to cleanse waste discharges from various industrial
processes.

Biological reduction of hexavalent Cr to less toxic trivalent Cr represents an
important detoxification process having great potential for bioremediation of
hazardous Cr(VI) contaminated waste waters. Previously the use of bacterial
strains to reduce Cr(VI) as means of detoxifying Cr(VI) containing industrial
wastes has been described (Campos et al. 1995; Garbisu et al. 1998; Smith and
Gadd 2000; McLean and Beveridge 2001; Ganguli and Tripathi 2002). The
purpose of the present work was to isolate and characterize Cr(VI)-resistant
bacteria from industrial effluents and to assess their Cr(VI) reduction potential for
their possible use in detoxifying Cr(VI) contaminated waste waters.

MATERIALS AND METHODS

Two effluent samples were collected from two dyeing industries (Al-Hamra
Industries-Dyeing and Finishing, Al-Amin Dyeing and Finishing Industries)
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located in Lahore, Pakistan. A 50 pl aliquot from each sample was plated on
nutrient agar (Gerhardt et al. 1994) plates containing 100 pg mL™! of potassium
chromate (CrVI) and incubated at 37°C. The bacterial colonies obtained were
purified and then gradually exposed to elevated concentrations of the Cr(VI) salt.
The isolates, which could bear 40 mg mL"! of the chromate salt in the medium,
were characterized following Gerhardt et al. (1994) and Moir (1981). Additional
21 biochemical tests were performed by using QTS-20 (Quick Test Strips) and
CO (Cytochrome Oxidase) strips (DESTO Laboratories, Karachi, Pakistan).

The resistance level of Cr(VI)-resistant bacteria was also compared in nutrient
broth (0 — 40 mg mL™ of chromate salt) and M9 minimal medium (Gerhardt et al.
1994) (0 — 6 mg mL™" of chromate salt). For this purpose 50 mL medium (pH 7)
supplemented with desirable concentration of chromate salt (in triplicate) was
inoculated with 100 pL from overnight bacterial culture (adjusted at 10® cells mL"
'Y and incubated at 37°C with 150 rpm shaking. Growth was measured as optical
density at 600 nm after 24 hours.

The bacterial strains were also screened for resistance to various salts (100 pg
mL'l) of other metals (BaCl,, CdCl;, CoCly, CuSOy4, HgCl,, NiCly, Pb(NO3),
ZnSO,) and antibiotics (ampicillin, Ap-300 pug mL’; cefradine, Cdn-100;
cefadroxil, Cdx-100; cyprofloxacin, Cf-100; chloramphenicol, Cm-5; doxycilline,
Dc-100; kanamycin, Km-50; streptomycin, Sm-500; tetracycline, Tc-20). The
bacterial strains were streaked on nutrient agar plates containing desirable
concentration of metallic salts or antibiotics and incubated at 37°C for 24 hours
for visible growth.

For the evaluation of hexavalent Cr reduction potential of these strains, the
medium used by Del.eo and Ehrlich (1994) was used. Cr(VI) reduction by these
strains was probed over Cr(VI) concentration of 100 to 1000 ng mL™" (100 to
1000 mg L) over a period of 96 hours. Conical flasks containing 50 mL medium
supplemented with desirable Cr(VI) concentration were inoculated from overnight
bacterial cultures (final concentration of 10® cells mL™") and incubated at 37°C
with 150 rpm shaking. Bacterial free flasks with all initial Cr(VI) concentrations
were also incubated to serve as control. The samples were aseptically drawn after
24, 48, 72 and 96 hours, centrifuged and the remaining Cr(VI) in the supernatant
fluid was measured spectrophotometrically at 540 nm using the diphenylcarbazide
method (APHA 1989).

RESULTS AND DISCUSSION

Four Cr(VI)-resistant bacterial strains SDCr-1, SDCr-2, SDCr-3 (Al-Hamra
Industries, Lahore) and SDCr-5 (Al-Amin Dyeing and Finishing Industries,
Lahore) that could bear 40 mg of K,CrO4 mL" (40 gL' or 206.18 mM) in the
nutrient agar medium were isolated from the effluents of dyeing industries.
Recently the isolation of Cr(VI) resistant bacteria has been reported which exhibit
resistance to varying concentrations of Cr salts. A pseudomonad strain CRBS
tolerated up to 500 mg of chromate L in the medium (McLean et al. 2000) while
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Desulfomicrobium sp. could grow in the presence of up to 500 uM chromate
{Michel et al. 2001). A gram-positive bacterium isolated from tannery wastes was
able to grow in the presence of 15 mM CrO4? in L-broth (Pattanapipitpaisal et al.
2001). Hence the resistance demonstrated by these bacterial strains is

Table 1. Morphological and biochemical characteristics of chromate resistant

pseudomonads.
Sr.  Character / Test Strains
No SDCr-1 SDCr-2 SDCr-3 SDCr-5
1 Gram staining - - - -
2 Shape rods rods rods Rods
3 Motility + + + +
4 Spore formation - - - -
5 Cytochrome oxidase ++ ++ ) ++
6  Catalase ++ ++ + ++
7 O.F - - - -
8 Methyl red - - - -
9 Nitrate reduction + + - +
10 Denitrification - - - -
11 Starch hydrolysis - + - -
12 ONPG W+ W+ W+ W+

13 Sodium citrate - - - -
14 Sodium malonate - - - -
15  Lysine decarboxylase - - - +
16  Arginine dihydrolase - - - -
17 Ornithine decarboxylase - - - -
18  H,S production - - - -
19 Urea hydrolysis - - - -
20  Tryptophan deaminase - - - -

21 Indole - - - -
22 Acetoin - - - -
23 Gelatin hydrolysis + - - W+

24 Acid from glucose - - - -
25  Acid from maltose - - - -
26 Acid from sucrose - - - -
27  Acid from mannitol - - - -
28  Acid from arabinose - + - W
29  Acid from rhamnose + W+ + -
30  Acid from sorbitol - - -

31  Acid from inositol - - - -
32 Fluorescent pigment -

33 Growth on Simon citrate agar + + ++ +
34 Growth on MacConkey agar + + - +
35  Growth on EMB agar ++ - - -

36  Growth on Brilliant green agar - - - -

++, strongly positive; +, positive; W+, weak positive; -, negative;
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considerably high as compared to the Cr(VI)-resistant bacteria isolated by other
workers.

The Cr(VI)-resistant bacterial strains shared many characteristics. The colonies of
all the strains were circular, convex, entire and yellowish white in color with size
ranging from 0.5 — 2.0 mm. The various morphological and biochemical
characteristics of these strains have been shown in Table 1. All of these strains
were gram-negative, motile, aerobic, non-spore forming rods. They had
cytochrome oxidase and catalase enzymes. They showed positive results for
nitrate reduction (except SDCr-3) and ONPG (weak positive) tests. Starch
hydrolysis was shown by SDCr-2 while gelatin hydrolysis was demonstrated by
SDCr-1 and SDCr-5. SDCr-5 also had lysine decarboxylase. None of these strains
was able to produce acid from glucose, maltose, sucrose, mannitol, sorbitol and
inositol. They, however, produced acid from rhamnose (except SDCr-5) and from
arabinose only SDCr-2 and SDCr-5 could produce acid. On the basis of these
characteristics these strains could be affiliated with the genus Pseudomonas (Holt
et al. 1994) and thereafter will be called pseudomonads.

When Cr(VI)-resistant bacterial strains were grown in varying concentrations of
chromate salt (0 — 40 mg mL™") in nutrient broth, SDCr-1 and SDCr-5 were able
to grow at 40 mg mL! chromate level (Fig. la). Whereas the growth of SDCr-3
and SDCr-2 was drastically reduced at 30 mg mL" and 40 mg mL™ chromate
level, respectively. At high levels metals can damage cell membranes, alter
enzyme specificity, disrupt cellular functions and damage the structure of DNA
(Bruins et al. 2000). In M9 minimal medium, however, these strains were able to
tolerate much lower concentration of K,CrOy ie., 2.0 — 6.0 mg mL™"! (Fig. 1b).
These pseudomonad strains could tolerate chromate up to 2 mg mL”’ (SDCr-5), 3
mg mL™" (SDCr-1), 4 mg mL™' (SDCr-3) and 6 mg mL™ (SDCr-2) in M9 medium.
The bioavailability or toxicity of a metal ion depends upon the chemical
constitution of the medium and availability of complexing ligands (Hughes and
Poole 1991). Various components of microbiological media such as peptones,
agar etc., bind metals thus making them less available in rich media. Hence in
nutrient rich media complexing of Cr(VI) salt might be lowering the level of
available metal leading to apparent increased resistance of these strains in nutrient
broth than in M9 minimal medium. Although the level of Cr(VI) resistance in M9
medium was quite’ low, however, it allowed a greater differentiation in Cr(VI)
resistance levels among the strains. This was probably due to greater Cr(VI)
toxicity in M9 medium than in nutrient broth.

Table 2 shows the resistance profiles of Cr(VI)-resistant strains to salts of other
metals and various antibiotics. These strains could tolerate salts of Ba*?, Cd"™
(SDCr-2 showed weak resistance), Cu™, Ni'2, Pb™ and Zn">. All of them were
sensitive to Co™ (except SDCr-3) and Hg™*. Multiple metal ion resistances in
environmental isolates have been reported (Basu and Paul 1999;
McLean and Beveridge 2001). In the same manner these strains exhibited
resistance  against ampicillin  (only SDCr-2), cefradine, cefadroxil,
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Figure 1. Effect of potassium chromate on the growth of SDCr-1 (0), SDCr-2 (e),
SDCr-3 () and SDCr-5 (m) in nutrient broth (a) and M9 medium (b).

chloramphenicol (except SDCr-2), kanamycin (except SDCr-3) and tetracycline
but were sensitive to cyprofloxacin, doxycilline and streptomycin.

Bacterial potential for enzymatic reduction of highly toxic Cr(VI) to less toxic
Cr(IIl) (Tucker et al. 1998; Fredrickson et al. 2000; McLean and Beveridge 2001;
Ganguli and Tripathi 2002) offers an economical alternative for bioremediation of
hazardous Cr(VI) contaminated industrial discharges. These pseudomonad strains
were evaluated for their Cr(VI) reduction potential so that they can be utilized for
detoxification of Cr(VI) contaminated sources. The Cr(VI) reduction potential of
these strains was probed over initial Cr(VI) concentration of about 100, 200, 500
and 1000 pg mL™* (100 — 1000 mg L. The pattern of Cr(VI) reduction by
different strains with different initial Cr(VI) concentrations is shown in Figure 2.
It is abvious that Cr(VI) reduction occurred at the highest concentration of Cr(VI)
used, i.e., 1000 pg mL" but complete reduction was, however, achieved only at
lower initial Cr(VI) concentrations (100 and 200 pg mL™") within 48-72 hours of

Table 2. Resistance profiles of Cr(VI)-resistant bacterial strains to various
salts of other metals and antibiotics.

Strains Metals
Ba’ 4 Co™2 Cu'? He™ NiP Pb? 72
SDCr-1 ++ e - + - +F ++ —t
SDCr2  + w' - + - ++ ++ ++
SDCr-3  ++ ++ ++ ++ - ++ ++ 4+
SDCr-5 4+ + - ++ - ++ -+ ++
Antibiotics
Ap Cdn Cdx Cf Cm Dc Km Sm Tc
SDCr-1 - ++ ++ - ++ - ++ - ++
SDCr-2 ++ ++ ++ - - - ++ - +
SDCr-3 - ++ ++ - ++ - - - ++
SDCr-5 - ++ ++ - + - + - ++

-: negative; w : weak positive; +: positive; ++: strong positive.
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Figure 2. Percent Cr(VI) reduction by Cr(VI)-resistant bacterial strains at initial
Cr(VI) concentrations of 100 pg mL™ (o), 200 ug mL"! (), 500 png
mL™" (o) and 1000 ng mL'(m) over a period of 96 hours.

incubation. Negligible Cr(VI) reduction was observed in cell free controls with
all Cr(VI) concentration. All of these strains completely reduced about 100 pg
Cr(VI) mL™" within 48 hours while complete reduction of about 200 pug mL
Cr(VI) took 72 hours by all the strains. The elevated initial Cr(VI) concentration
(500, 1000 pg mL™") was not completely reduced within 96 hours. With about 500
ng mL" Cr(VI) concentration, 68.18 — 83.57 % and with approx. 1000 pg mL™!
Cr(VI) concentration, 44.01 — 58.66 % Cr(VI) reduction was demonstrated by
different strains within 96 hours of incubation. SDCr-5 and SDCr-2 exhibited the
highest Cr(VT) reduction at initial Cr(VI) concentration of 500 ug mL™" (83.5 %)
and SDCr-5 also exhibited highest Cr(VI) reduction at about 1000 g mL™ Cr(VI)
(58.66 %) within 96 hours of incubation. Increased concentration of Cr(VI)
requires more time for complete reduction (Ohtake and silver 1994).
Pseudomonas fluorescens 1L.B300 over a period of 289 hours reduced Cr(VI) by
99.7 % with an initial concentration of 112.5 mg Cr(VI) L (112.5 ug mL™), 69
% with an initial concentration of 200 mg Cr(VI) L' (200 pg mL") and 61 %
with an initial concentration of 314 mg Cr(VI) Lt (314 ng mL'l) (DeLeo and
Ehrlich 1994). Whereas a Bacillus sp. strain QCl1-2 caused complete
disappearance of 0.33 mM CrO4? in 22 hours (Campos et al. 1995). A
Microbacterium sp. strain MP30 was found to reduce 100 uM chromate within 30
hours (Pattanapipitpaisal et al. 2001). Similarly McLean and Beveridge (2001)
reported complete reduction of 20 mg L Cr(VI) by a pseudomonad strain CRBS5
after 120 hours. It is thus obvious from these results that the extant of Cr(VI)
reduction achieved with these strains is much higher than by other bacterial
strains. Their high Cr(VI) reduction potential along with high Cr(VI) resistance
and resistance against other antimicrobial substances (metals/antibiotics) make
them suitable candidates for detoxification of Cr(VI) contaminated industrial
discharges. Further research, however, is necessary to optimize the conditions of
Cr(V]) reduction by these bacterial strains.
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