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Abstract

Toxicity of zinc, cadmium and phenol and their binary mixtures were deter-
mined based on inhibition of dehydrogenase activities of yeasts strains iso-
lated from hydrocarbon impacted soil. The yeasts isolated from the hydro-
carbon impacted soil were identified as Saprochaete sp. and Cryptococcus sp.
The toxicity of chemicals and their mixtures were evaluated in the concentra-
tion range of 0 - 16 mM for phenol, 0 - 5 mM for zinc and 0 - 0.4 mM for
cadmium. The binary mixture ratios were evaluated. The toxicity thresholds
(IC,,) were estimated using 3-parameter logistic dose-response model. The
IC;, shows that cadmium has the highest toxic effect on the yeasts with IC;,
value of 0.075 mM for Saprochaete sp. and 0.09 mM for Cryptococcus sp. The
binary toxicity of the mixtures on the enzyme activity of the yeasts was eva-
luated with toxic index (TI) model. Modulation of the toxic interactions by
the components of the mixtures through synergistic, additive and antagonis-
tic interactions on the heavy metals and phenol were possible against the de-
hydrogenase activity of the yeasts. However, the toxic effects of phenol and
heavy metals would depend on their relative amount present in the environ-
ment.
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1. Introduction

With the growth of industry, there has been a considerable increase in the dis-
charge of industrial waste to the environment, chiefly soil and water, which has
led to the accumulation of pollutants and heavy metals. The industrial effluents
usually consist of a number of contaminants in varying concentrations which are
generally harmful to the environment and living things. Among those pollutants,
phenolic compounds pose a threat to the environment because of its toxicity and
stability of bioaccumulation [1]. They are considered as one of the priority pol-
lutants by the Environmental Protection Agencies [2] [3].

Phenol is one of the major toxic aromatic compounds being discharges from
industry and enters into the natural ecosystem. Phenol and phenol derivatives
are released from petrochemical, chemical, pharmaceuticals, wood processing
plants, paper and pulp, coke manufacturing and pesticide industries. Phenol is
included as one of the most hazardous pollutants in the list of Environmental
Protection Agency (EPA) [4].

The indiscriminate release of heavy metals into the soil and waters is a major
health concern worldwide, as they cannot be broken down to non-toxic forms
and therefore have long-lasting effects on the ecosystem. Many of them are toxic
even at very low concentrations. Heavy metals such as arsenic, cadmium, chro-
mium, copper, lead, mercury, nickel, selenium, silver, zinc etc. are not only cy-
totoxic but also carcinogenic and mutagenic in nature [5]. Heavy metals can be
group into essential metals such as copper, manganese, zinc, and iron, and non-
essential metals such as cadmium, lead, mercury, and nickel [6]. Cadmium and
lead are included among the major pollutants because of their high toxicity [7]
[8] [9]. Cadmium is released to ecosystem by mine tailing, effluents from textile,
leather, tannery, electroplating and galvanizing industries, as well as cadmium
batteries.

Enzymes are referred to as markers of soil purity. Dehydrogenase enzyme is
an indicator of total physiological activity of microorganism, because it occurs
intercellularlly in all living microbial cells and it is connected with oxido
processes in microorganisms [10] by transferring protons and electrons from
substrates to acceptors in an electron transport system. Reduction of 2, 3,
5-triphenyltetrazolium chloride (TTC)-an indicator dye by microbial dehydro-
genases [11] is a measure of microbial growth or viability in the presence or ab-
sence of toxicant. Bacteria play important role in the maintenance of natural
ecosystems. Determination of the effects of toxic chemicals to bacteria serves as
important criteria for the environmental risk assessment of chemicals of micro-
bial growth or viability in the presence or absence of toxicant. Bacteria play im-
portant role in the maintenance of natural ecosystems.

Toxicological studies have provided good knowledge through which rules and
regulations for management of chemicals have been drawn. In a polluted envi-
ronment, whether aquatic or terrestrial, pollutants occur as mixtures and various
interactions can take place during exposure of organisms to mixtures of pollu-

tants. The interactions include additivity, synergism, orantagonism [12].
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This study was carried out to evaluate the toxicity of mixtures of phenol, zinc

and cadmium via dehydrogenase enzyme activities to yeast strains.

2. Materials and Method
2.1. Study Area

Orji mechanic village was situated in Orji, Owerri North Local Government
Area of Imo State. It was occupied by auto mechanics in 1987. Geographically,
the area falls between coordinates of latitude 5.24 - 5.27°N and longitude 7.04 -
7.06°E with an area of 0.41 km’ and lying on an area of flat agricultural land
converted to mechanic workshops and residential homes. The geology of the
area consists of plain soil which is about 0.05 - 2.0 mm in size. The major activity

in the site was basically repairs and maintenance of automobile vehicles.

2.2. Sample Collection

Petroleum products contaminated soil sample was collected using a sterile metal
cylindrical tool at a depth of 5 cm below the soil surface. The sample was trans-
ferred into a sterile polyethylene bag and was immediately delivered to the la-
boratory for physicochemical analysis. pH, total hydrocarbon (THC) was deter-
mined following the standard procedures [13]. Calcium (Ca) and magnesium
(Mg) were determined by EDTA titration while potassium (K) and sodium (Na)
were determined by flame photometry. The percent organic matter (%OM) was
calculated from the percent organic carbon (%OC) measured using Walk-
er-Black [14] wet oxidation method. Total nitrogen (TN) was determined using
the modified Kjeldahl distillation methods [15], while Lead (Pb), Zinc (Zn),
Copper (Cu) and Cadmium were determined by atomic absorption spectropho-

tometer (Perkins Elmer 3110) respectively.

2.3. Isolation and Enumeration of Microorganisms

Ten (10) fold serial dilution of the sample was prepared by weighing out 1 g of
the soil sample and suspended into 10 ml of sterile distilled water to form the
stock. The mixture was stirred for 1min in order to allow detachment of micro-
bial cells from the soil particle. Using a sterile pipette, one militer (1.0 ml) of the
solution was serially diluted in saline solution contained in 20 ml glass screw
capped test tubes up to 107, Thereafter, an aliquot (0.1 ml) of the dilutions 1077
were plated out in triplicates on Potato Dextrose Agar (PDA) supplemented with
50 ug/ml of streptomycin antibiotic solution and 2 mM of phenol [16], nutrient
agar supplemented with 50 ug/ml of ketoconazole, and nutrient agar plate with-
out supplements respectively. The plates were then incubated at 30°C for 48 h.
The colonies formed on each plate were enumerated and recorded as colony

forming units per gram (cfu/g) of the soil sample.

2.4. Screening for Selection of the Best Performing Organisms

After incubation, the best performing organisms were selected by adding a drop
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of 0.1% 2, 3, 5-triphenyltetrazolium chloride (TTC). The organisms that de-
graded TTC by turning red were selected.

2.5. Purification of Isolate

Two distinctive colonies that degraded TTC were picked and labeled as BRW
and SRM respectively. They were subcultured onto PDA and the plates were in-
cubated for 48 h at 30°C. The purified isolates were sub cultured into nutrient

agar slant and stored in a refrigerator at 4°C for identification and further test.

2.6. Identification of Yeast Strains

Morphologically distinct yeast colonies that developed on potato dextrose agar
supplemented with phenol were purified on nutrient agar and identified based
on morphological, microscopy and biochemical (Assimilation and Fermenta-
tion) characteristics according to Campbell et al, [17].

2.7. Preparation of Inoculum

The selected isolates were grown in 50 ml of sterile nutrient broth medium and
were incubated on a rotary shaker (150 rpm) incubator for 48 h at room tem-
perature (28°C + 2°C). Thereafter, the cells were harvested by centrifugation
(ALPIN MEDICAL ENGLANDY0 (1)) at 6000 rpm for 10 mins. The harvested
cells were washed twice in sterile distilled water to ensure that there are no lef-
tover of nutrient broth. The washed cells were suspended in nutrient broth and
the optical density (OD) adjusted to 0.2 at wavelength of 600 nm using spectro-
photometer (VIS spectrophotometer 721D, Life Assistance Scientific INST. CO).

2.8. Test Chemicals

The test chemicals and reagents used for the bioassay were analytical grades. The
heavy metals used in the assay were Zinc (Zn*?) and Cadmium (Cd"™) as
ZnSO,6H,0 and CdSO, respectively. Phenol used was obtained from Sig-
ma-chemical Co. USA. Stock concentrations (10 mM) of zinc and cadmium

were used for the assay, while 100 mM was used for phenol.

2.9. Design of Experiment

Binary mixtures of phenol, zinc and cadmium were evaluated using fixed ratio
rays experimental design. In each case, the mixture ratio is kept constant, while the
total concentration of the mixture is varied to obtain a complete dose response re-
lationship of the mixtures. The components of each of the binary mixture ratios
studied were 5.9%Zinc + 94.1%Phenol, 20%Zinc + 80%Phenol, 27.3%Zinc +
72.7%Phenol, 50%Zinc + 50%Phenol, 66.6%Zinc + 33.3%Cadmium, 88.8%Zinc +
11.2%Cadmium, 92.3%Zinc + 7.7%Cadmium, 75%Zinc + 25%Cadmium.

2.10. Dehydrogenase Activity Assay

Dehydrogenase activity inhibition was determined using 2, 3, 5-triphenyltetrazolium

chloride (TTC) as the artificial electron acceptor which was reduced to the
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red-coloured triphenylformazan (TPF). The inhibition assessment of dehydro-
genase activity was done in 2 ml volume of nutrient broth (pH7) and TTC sup-
plemented with varying concentrations of zinc, phenol and cadmium or their
mixtures. A 0.5 ml portion of x4-strength (0.2%) nutrient broth and required
volumes of sterile distilled water and stock solution (10 mM for zinc and cad-
mium and 100 mM for phenol) of the respective toxicants were added to each 20
ml screw capped glass test tube to obtain the different binary mixture ratios or
different concentrations of individual toxicants. Thereafter, 0.2 ml each of
0.1%w/v solution of TTC and yeast suspension was added into each tube. The
final concentration of toxicants ranged from 0 to 5 mM for zinc, 0 to 16 mM for
phenol and 0 to 0.4 mM for cadmium as individual chemical. Binary mixtures of
zinc and cadmium ranged from 0 to 5.0 mM, phenol and zinc ranged from 0 to
16 mM. The controls consist of the medium without the toxicants. The cultures
were incubated at room temperature (28°C + 2°C) for 24 h. After incubation, the
formazan produced was extracted with 1 ml of 1%v/v triton x100 and 4 ml of
butanol. Absorbance of the extract was determined spectrophotometrically at
500 nm.

2.11. Estimation of Response

The inhibition of dehydrogenase activity at varying concentrations of the indi-
vidual component and binary mixtures of phenol, cadmium and zinc were cal-
culated as indicated in Equation below [18]. The inhibition (%) was generated as

mean and standard deviation from triplicate determinations.

Cc,-T
%INH = —4—4 %100
CA
where: C, is the absorbance of TPF extract in the control.
T, is the absorbance of TPF extract in the test with different concentrations of

the toxicants as single, binary and ternary mixtures.

2.12. Determination of Toxicity Threshold

The dose response data from the assessment of toxic effects of the toxicants in
their binary mixtures on dehydrogenase activities of the yeast were tested with
3-parameter logistic model (Equation below) [19] to obtain their respective tox-
icity threshold (IC;,) which is defined as the concentrations of the toxicants that
inhibited the dehydrogenase activity of the yeast by 50%.

100

b
1+
IC,,

where: x is the concentration of the toxicant, IC,, is the concentration that

%INH =

caused 50% inhibition; b is parameter determining the relative slope at ICq,,.
In order to predict hormesis, Ze. stimulation of enzyme activity at low con-
centration of individual toxicant or the mixtures, the dose-response data were

fitted to hormetic model equation stated below [20].
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100 fx

b
L J2FC ) x
100 ||\ 1C,,

where: fis the parameter describing the degree of hermetic response.

Inhibition (%) =100 —

2.13. Determination of Toxic Index (TI)

Toxic index (TI) model was used to analyze the combined effect of the mixtures.

The TI values were calculated using the expression:
TI=)'TU,
i=1

TU/ is the toxic unit of ith component in the mixture. Each toxic unit was

computed using the expression

TU, = Cmix,
ICSOi

where: Cmix; is the concentration of the ith toxicant in the mixture and IC,, is
the IC,, of the same toxicant when tested as an individual. TT = 1 describes addi-
tivite interation, TI > 1 describes antagonistic interaction and TI < 1 describes

synergistic interaction [21].

3. Results

The physicochemical properties and microbial load of the soil sample are as

shown in Table 1.

Table 1. Physicochemical properties and microbial load of the soil sample.

Parameter/unit Value
pH 6.88
Phosphate (mg/kg) 18.64
Potassium (cmol/kg) 0.076
Calcium (cmol/kg) 0.986
Magnesium (cmol/kg) 0.372
Copper (kg) 0.50
Zinc (kg) 1.56
Lead (kg) 8.90
Cadmium (kg) 3.70
Total hydrocarbon content (%) 0.465
Total organic carbon content (%) 1.246
Total organic matter content (%) 2.148
Total nitrate content (%) 0.120
Medium Microbial load (CFU/g)
PDA + Streptomycin (50 pg/ml) 0.6 x 107
NA + Ketoconazole (50 pg/ml) 1.6 x 107
NA 3.3x10°

Key: PDA = Potato Dextrose Agar, NA = Nutrient Agar.
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3.1. Toxicity of Single Chemicals

The responses of the Cryptococcus sp. and Saprochaete sp. to the toxicity of
zing, phenol and cadmium as individuals are shown in Figure 1. Phenol pre-
sented biphasic dose response curves characterized by stimulation of dehydro-
genase activity at low doses and inhibition at high doses. Hormesis (stimulatory)
occurred at concentrations up to 2.0 mM phenol for both yeasts. At concentra-
tions above the stimulatory levels, phenol increasingly inhibited dehydrogenase
activity as the concentration increased. Cadmium exhibited sharp inhibitory ef-
fect as the concentration increases while zinc showed a progressive inhibition of

the dehydrogenase activity of both yeasts as the concentration increases.

3.2. Toxicity of Binary Mixtures of Chemicals

Toxicity of binary mixtures of the chemicals is shown in Figures 2-6. The binary
mixtures of zinc and phenol were found to be stimulatory to the dehydrogenase
activity at low doses and inhibitory at high doses. This Hormetic effect was
higher with zinc and phenol mixtures ratios of 5.9%Zinc + 94.1%Phenol and
20%Zinc + 80%phenol respectively; it showed stimulatory effects at low concen-
trations for dehydrogenase activity of Saprochaete sp. While Cryptococcus sp.
did not exhibit hermetic effect for zinc and phenol. Above the hermetic concen-
tration range, the chemicals inhibited the dehydrogenase activities of the yeasts.
The binary mixtures of zinc and cadmium show progressive inhibitory effects on
the dehydrogenase enzyme activity of the both yeasts as the concentration in-

creases.

3.3. Toxicity Threshold (ICso)

The toxicity threshold for the single and binary mixtures of the chemicals on
both Saprochaete sp. and Cryptococcus sp., are shown in Table 2. For the single
chemicals, Cadmium has an IC,, value of (0.075 + 0.012) mM for Saprochaete
sp. and (0.09 + 0.005) mM for Cryptococcus sp. This shows that cadmium had
higher toxic effect on the yeasts than zinc and phenol with (0.385 + 0.012) mM,
(0.358 + 0.025) mM and (6.110 + 0.217) mM, (6.489 * 0.387) mM respectively.
For the binary mixtures of zinc and phenol, mixture ratio of 50%Znic +
50%Phenol had the highest toxicity with IC,, value of (1.022 + 0.085) mM for
Saprochaete sp., and mixture ratio of 27.3%Zinc + 72.7%Phenol had the highest
toxicity with IC,, value of (0.844 + 0.042) mM for Cryptococcus sp., mixture ra-
tio of 5.9%Zinc + 94.1%Phenol had lowest toxicity on Saprochaete sp. with 1C;,
of (2.255 + 0.064) mM and (1.505 £ 0.077) mM for Cryptococcus sp. with the
same mixture ratio. Mixture ratios of 88.8%Zinc +11.2%Cadmium gave the
highest toxicity for Saprochaete sp. with I1Cy, of (0.185 % 0.022) mM while mix-
tures ratios of 75%Zinc + 25%Cadmium gave the highest toxicity for Crypto-
coccus sp. with IC,, of (0.276 + 0.052) mM.

3.4. Toxic Interaction

Toxic interactions of the binary mixtures of the chemicals on the yeast strains
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are shown in Table 3. For binary mixtures of zinc and phenol, all the mixtures

ratios evaluated showed antagonistic interaction expect 5.9%Zinc + 94.1%Phenol

which shows synergistic effect for Saprochaete sp, while for Cryptococcus sp, all

the mixtures ratios showed synergistic interaction with the exception of 50%Zinc

+ 50%Phenol, which show antagonistic interaction. For the binary mixtures of

zinc and cadmium, all the mixtures ratios showed antagonistic interaction with

the exception of 88.8%Zinc + 11.2%Cadmium, which exhibited synergistic effect

for Saprochaete sp, while for Cryptococcus sp, all the mixtures ratios exhibited

antagonistic interaction.

Table 2. Toxicity thresholds (IC,,) of chemicals as single and binary mixtures on dehy-

drogenase activity of the test yeasts.

Chemical/Mixture
Single
Zinc
Phenol
Cadmium
Binary
Zinc/phenol
5.9%Zinc + 94.1%Phenol
20%Zinc + 80%Phenol
27.3%Zinc + 72.7%Phenol
50%Zinc + 50%Phenol
Zinc/Cadmium
66.6%Zinc + 33.3%Cadmium
88.8%Zinc + 11.2%Cadmium
92.3%Zinc + 7.7%Cadmium

75%Zinc + 25%Cadmium

IC5o(mM)

Saprochaete sp. Cryptococcus sp.
0.385 £ 0.012 0.358 £ 0.025
6.11 £ 0.217 6.489 + 0.387
0.075 £ 0.012 0.09 + 0.005
2.255 + 0.064 1.505 £ 0.077
1.937 £ 0.083 0.906 + 0.051
1.554 + 0.064 0.844 + 0.042
1.022 + 0.085 1.355 £ 0.195
0.638 +0.113 0.404 +0.031
0.185 £ 0.022 0.280 + 0.007
0.403 + 0.024 0.445 + 0.124

0.307 £0.0132 0.276 £ 0.052

Table 3. Toxic Interactions of the binary mixtures of the test chemicals on the yeasts.

Mixture/Ratio

66.6%Zinc + 33.3%Cadmium
88.8%Zinc + 11.2%Cadmium
92.3%Zinc + 7.7%Cadmium
75%Zinc + 25%Cadmium
5.9%Zinc + 94.1%Phenol
20%Zinc + 80%Phenol
27.3%Zinc + 72.7%Phenol

50%Zinc + 50%Phenol

Saprochaete sp. Cryptococcus sp.

Toxic Index (TI) Interaction Toxic Index (TI) Interaction
3.938 Antagonistic 2.248 Antagonistic
0.703 Synergistic 1.043 Antagonistic
1.380 Antagonistic 1.528 Antagonistic
1.621 Antagonistic 1.345 Antagonistic
0.693 Synergistic 0.466 Synergistic
1.343 Antagonistic 0.618 Synergistic
1.512 Antagonistic 0.731 Synergistic
1.411 Antagonistic 1.997 Antagonistic
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0 25 50 100 km

Figure 1. Map of Imo state and the study area [22].
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120

100
[ ]
100 4 .
80
~ ~ 60+
g S
=60 =
c
2 2 40
a 3 )
£ £ 20% Zinc
£ = 0] 80% Phenol
204 )
5.9% Zinc
94.1% Phenol 0
04
T T T T T
0.01 0.1 4 001 0.1 1 10
Concentration (mM) Concentration (mM)
120 120
100 100
80 1 80 4
9 3
g g
= 601 = 60
) S
2 =
Q a
T 409 . Z 40
£ 27.3% Zinc <
204 72.7% Phenol 204 50% Zinc
50% Phenol
04 0
. . : .
0.01 0.1 1 0.01 04 ’

Concentration (mM)

Concentration (mM)

Figure 4. Toxicity of binary mixtures of Zinc and Phenol on Cryptococcus sp.
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Figure 6. Toxicity of binary mixtures of Zinc and Cadmium on Cryptococcus sp.

DOI: 10.4236/0alib.1106201 11 Open Access Library Journal


https://doi.org/10.4236/oalib.1106201

0. R. Nlemolisa et al.

4. Discussion

This study investigated the individual and binary mixtures of chemicals (Zinc,
Cadmium and Phenol) on yeast strains of Cryptococcus sp. and Saprochaete sp.
In addition, Toxic Index model was also applied on the data to ascertain the
possible interactions of the toxic chemicals.

Phenols are membrane damaging biocides [23], causing loss of cytoplasmic
membrane integrity and thus disruption of membrane functions. Since dehy-
drogenases are membrane associated, loss of membrane integrity will ultimately
affect their functions. The toxicity of the individual chemicals phenol, zinc and
cadmium on dehydrogenase activity of both Saprochaete sp. and Cryptococcus
sp. indicates progressive inhibition of the dehydrogenase activity of both yeasts
as the concentrations of the chemicals increases. This is in line with the report of
Nwanyanwu et al. [24], where increase in the concentrations of zinc, cadmium
and phenolic conmpounds progressively inhibited the dehydrogenase activity of
bacterial consortium. Cadmium exhibited sharp inhibitory effect on the dehy-
drogenase enzyme activities of the yeasts. This is in corroboration with the re-
port of Nweke and Okpokwasili [25], where increase in phenol concentration
decreases the dehydrogenase activity in the microbial community in refinery
wastewater bacteria.

The dehydrogenase enzyme activity exhibited hormetic response upon expo-
sure to heavy metals and phenolic compounds. Hormetic response to chemicals
is a widely reported phenomena occurring in microorganisms and higher life
[26]. The observed low dose stimulation (hormesis) in this study is in line with
reported hormetic effect of metals and phenolic compounds. Nweke et al [16]
reported low dose stimulation of dehydrogenase activity of Rhizobium species
by glyphosate, 4-chlorophenol and 2,4-dichlorophenol. They also reported that
glyphosate, phenol, 4-CP and 2, 4-DCP progressively inhibited dehydrogenase
activity [27]. In a study on the removal of phenol and zinc by Candida isolated
from wastewater for integrated biological treatment, Mahgoub et al [23] re-
ported low dose stimulatory effect of zinc and phenol on Candida sp.

Certain metals such as copper, cobalt, nickel, iron and zinc are essential for
normal growth and metabolism. Zinc, copper, chromium and iron may influ-
ence the stability of the double helix of DNA while forming hydrogen bonds.
However, in excess of physiologically required levels, these metals become toxic
and disrupt the biochemical activities of cells. The toxicity of zinc ion observed
in this study thus corroborated reported toxic effects of metal ions. Zinc is
known to be a potent inhibitor of the respiratory electron transport systems in
bacteria and eukaryotic organisms [28].

The response of Saprochaete sp. and Cryptococcus sp. to zinc toxicity in this
study is similar to the report of Nweke [11]. Mahgoub et al [23] reported high
dose inhibitory effect of zinc ion on Candida sp.

Toxic index was applied on the data to explore the possible mechanism of the

interactions of the chemicals. The chemicals in the mixtures produced synergis-
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tic, additive and antagonistic effect. Antagonistic effect of zinc and cadmium
recorded in this study presumes that zinc may reduce the toxicity of cadmium
on dehydrogenase enzyme activity. Antagonistic interaction was observed by
toxicity of zinc and cadmium binary mixtures on sea urchin embryo while ad-
dictive interaction was observe in quaternary mixtures of copper, lead, zinc and
cadmium [25]. In this study, the order of toxicity Zinc > phenol is in line what is

reported by Nweke et al [20]. The order toxicity is Cadmium > Zinc > Phenol.

5. Conclusion

The aim of the study was to assess the toxicity of phenol, zinc and cadmium in
their single and binary mixtures on dehydrogenase activity of Saprochaete sp.
and Cryptococcus sp. Cadmium exhibited more toxic effect than zinc and phe-
nol. However, at low doses, phenol showed stimulatory effect on the enzyme ac-
tivity of both yeast strains. The response of the enzyme activity to binary mix-
tures suggests that zinc and cadmium mixtures exhibited high toxicity. Toxic
Index analysis showed that in most of the binary combinations, the interactions
were synergistic and antagonistic. This information constitutes an essential con-
tribution and serves as benchmark towards assessing the environmental risk of
heavy metals and phenol especially as possible co-contamination of agricultural
and aquatic environment. This study needs to be extended to microbial com-
munities of soil or aquatic ecosystems, since microbes exist as a consortium ra-

ther than pure cultures in natural environments.
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