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ABSTRACT 
With the advent of modern technology and 

industrialization, environmental pollution of the 

natural resources by chemicals has become a 

serious concern. Most of these pollutants are 

released into the environment as a mixture of 

organic and inorganic pollutants Organic pollutants 

released to the environment as a result of these 

activities include phenol, polycyclic aromatic 

hydrocarbons, and heavy metals. The present study 

was carried out to determine the toxicity of the 

ternary mixtures of zinc, cadmium and phenol to 

Saprochaete sp. and Cryptococcus sp. The toxicity 

of phenol, zinc and cadmium were determined 

based on the inhibition of dehydrogenase activity 

of Saprochaete sp. and Cryptococcus sp. Fixed 

ratio design, uniform design concentration ratios 

(UDCR) and equieffect concentration ratios 

(EECR) mixtures were designed to evaluate the 

combined toxicities of these heavy metal ions and 

phenol. The toxicity thresholds (IC50) were 

estimated using 3-parameter logistic dose-response 

model. The ternary mixtures of zinc, phenol and 

cadmium showed progressive inhibitory effects on 

the dehydrogenase (enzyme) activity of 

Cryptococcus sp and Saprochaete sp as the 

concentration of the mixtures increases. The 

combined effect of the chemicals on the enzyme 

activities of Saprochaete sp. and Cryptococcus sp. 

were determined using toxic index (TI) model. The 

toxic interaction of all the mixtures ratios showed 

synergistic interaction for both Saprochaete sp and 

Cryptococcus sp. The amount of these toxicants 

present in the environment, affect its toxicity to 

microorganisms. 

Keywords: Heavy metals, Phenol, Ternary 

mixture, Dehydrogenase activity. 

 

I. INTRODUCTION 
Rapid industrialization and urbanization 

have caused contamination of the environment by 

phenol and heavy metals, and their rates of 

mobilization and transport in the environment have 

greatly accelerated since 1940s [1]. One of the 

major challenges in the modern society is 

environmental pollution. Environmental pollution 

by heavy metals and phenol is a threat to the 

environment and is of serious concern [2]. Heavy 

metals are of economic significance and the most 

important pollutants in the environment by 

industries. Environmental pollution by heavy 

metals is serious threat to living organisms in the 

ecosystem [3] [4] [5]. The bioaccumulation and 

nonbiodegradability nature of metal toxicity is of 

great environmental concern [6]. Several inorganic 

metals like magnesium (Mg), nickel (Ni), 

chromium (Cr
3+

), copper (Cu), calcium (Ca), 

manganese (Mn), and sodium (Na) as well as zinc 

(Zn) are vital elements needed in small quantity for 

metabolic and redox functions. Heavy metals such 

as aluminium (Al), lead (Pb), cadmium (Cd), gold 

(Au), mercury (Hg), and silver (Ag) do not have 

any biological role and are toxic to living 

organisms [4] [7] [8]. 

Soil is polluted with heavy metals and 

Cadmium is lethal metal for plant growth and 

metabolism [9]. Cadmium as a pollutant enters the 

environment either through geogenic or 

anthropogenic sources [10]. Geogenic sources 

mainly comprise of ores of Zinc and Lead, 

weathering of rocks, volcanic eruptions, and forest 

fires [11] [12].  

Heavy metal toxicity is the ability of a 

metal to cause detrimental effects on 

microorganisms, and it depends on the 

bioavailability of heavy metal and the absorbed 

dose [13]. Heavy metal toxicity involves several 

mechanisms, which includes; breaking fatal 

enzymatic functions, reacting as redox catalysts in 

the production of reactive oxygen species (ROS), 

destructing ion regulation, and directly affecting 

the formation of DNA as well as protein [13] [14].   

Phenol is a common industrial substance 

involve in the production of chemicals such as 

xylenols, oils, plastics [15], aspirin [16], antiseptics 

[17], pharmaceutical, oil refining [18], explosive, 

dyes [19], reagent in chemical analysis and leather 

and wood preservatives [20] [21]. Human activities 
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are the major contributor to phenol pollution in the 

environment; especially in soil because its mobility 

was limited than in an aqueous environment due to 

high adsorption onto solid surfaces [22] [23]. Soils 

areas within sawmills are usually highly 

contaminated with phenolic compounds because 

they are commonly used to produce wood 

preservatives [24]. Phenol is considered as the 

main concern pollutant because of the harmful and 

toxic effect, and can be accumulated in living 

organism. Microorganism is important in aquatic 

ecosystem as the producer that involved in 

maintaining web chain and nutrient cycle in earth. 

In the past decades, many researchers are aware of 

the possibilities of phenol tolerant organism needed 

in the future especially to obtain non-polluted water 

sources, thus many various types of 

microorganisms isolated example: yeast, fungus, 

bacteria were found that can help in the 

degradation of phenol in environment [18] [25] 

[26]. According to Nwanyanwu and Abu, [27], 

phenol can affects the metabolic process of 

microorganisms and other organisms which can 

leads to death if they are unable to acclimatize it. In 

this study, we investigated the toxicity of ternary 

mixtures of phenol, zinc and cadmium to 

Cryptococcus sp and Saprochetae sp. 

 

II. MATERIALS AND METHOD 
2.1 Reagents  

Salts of heavy metals used in this study 

are ZnSO4 .7H2O and CdSO4, which were used as 

source of the heavy metal ions, Zn and Cd ions 

respectively. Phenol used was obtained from 

Sigma-chemical Co. USA. The 2, 3, 5-

triphenyltetrazolium chloride (TTC) was purchased 

from Sigma (Germany). Stock solutions of 10 mM 

of the individual metal ion were prepared in 

deionized distilled water. The stock solution of 100 

mM of phenol was prepared in deionized distilled 

water.  

2.2 Test Organism 

The test organisms, Cryptococcus sp and 

Saprochetae sp. were isolated from hydrocarbon 

impacted soil [28].  

2.3 Preparation of Inoculum 

Cryptococcus sp. and Saprochetae sp. 

cells were cultured in nutrient broth (Lab M) on a 

rotary incubator (150 rpm) at room temperature (28 

± 2°C) for 48 h. The cells were harvested from the 

culture by centrifugation (ALPIN MEDICAL 

ENGLAND90 (1)) at 6000 rpm for 10 mins. The 

harvested cell pellet was washed twice in sterile 

distilled water by repeated centrifugation (x2) to 

ensure that there are no leftover of nutrient broth. 

The washed cells were suspended in sterile 

deionized distilled water and the optical density 

(OD) adjusted to 0.2 at wavelength of 600 nm 

using spectrophotometer (VIS spectrophotometer 

721D, Life Assistance Scientific INST. CO) [29]. 

The cell suspensions were used as inoculum in the 

toxicity assay. 

2.3 Design of Ternary Mixture Ratios 
The toxicity of the ternary mixture of zinc, 

cadmium and phenol were determined using fixed 

ratio design, uniform design concentration ratios 

(UDCR) and equieffect concentration ratios 

(EECR). In each case, the mixture ratio is kept 

constant; the total concentrations of the mixture 

were varied in order to obtain a complete dose-

response relationship of the mixture. Ternary 

mixture ratio of zinc, phenol and cadmium were, 

12.9% zinc +86.2% phenol +0.9% cadmium, 

27.2% zinc + 71.1% phenol +1.7% cadmium, 50% 

zinc + 45% phenol +5% cadmium and 28% zinc + 

70% phenol + 2% cadmium. The equi effect 

concentration studied was equi-effect concentration 

50% (EE50) that is the concentration that inhibited 

50% of the yeast enzyme activity. The mixtures 

were prepared as 100 mM for phenol and 10 mM 

for Zn and Cd stock solutions by mixing requisite 

volumes of the individual solution to give a 

specific concentration ratio. Each mixture was 

treated as single solution.  

2.4 Toxicity assay 

The assay for dehydrogenase activity was 

modified from Nlemolisa et al. (2020). 2, 3, 5-

triphenyltetrazolium chloride (TTC) was used as an 

artificial electron acceptor which was reduced to 

the red-coloured triphenylformazan (TPF). The 

reaction mixture consisted of 2-ml final volume of 

nutrient broth (pH7) and TTC supplemented with 

varying concentrations the mixtures. Into each 

tube, 0.5 ml of x4-strength (0.2% w/v) of nutrient 

broth, required volume of the composite mixture 

and sterile deionized distilled water (to make up) 

were added. Thereafter, 0.2 ml of 0.1% w/v 

solution of TTC and 0.2 ml of the standardized 

Cryptococcus sp. and Saprochaete sp. suspensions 

were added into each tube to obtain varying 

concentrations of the mixture ratios. The final 

concentration of the ternary mixtures of Zn, Cd and 

phenol ranged from 0 to 16 mM. Each 

concentration of the mixtures was prepared in 

triplicates. Controls were prepared consisting of the 

medium without the toxicants. The cultures were 

incubated at room temperature (28 ± 2
o
C) for 24 h. 

After incubation, the extraction and quantification 

of TTC-formazan were done as described by 

Nweke et al. [30].  

2.5 Data analysis  
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The response of the organisms to each 

concentration of ternary mixtures of phenol, zinc 

and cadmium was calculated as percent inhibition 

of dehydrogenase activity (R) relative to the mean 

control (Eq. 1) [31]. 

100



A

AA

C

TC
R

                   (1) 

Where: R is the inhibition (%) of dehydrogenase 

activity; CA is the absorbance of TPF extract in the 

control. TA is the absorbance of TPF extract in the 

test with different concentrations of the toxicants 

ternary mixtures. 

2.6 Determination of Toxicity Threshold 

The dose response data from the 

assessment of toxic effects of the toxicants in their 

ternary mixtures on dehydrogenase activities of the 

test organisms were plotted and fitted with 3-

parameter logistic function (equation below) [32] 

 
 

 

 

 

 

Where: x is the concentration of the toxicant, EC50 

is the concentration that caused 50% inhibition; b is 

parameter determining the relative slope at EC50. 

In order to predict hormesis, i.e. stimulation of 

enzyme activity at low concentration of the 

mixtures, the dose-response data were fitted to 

hormetic model equation stated below [33]. 
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2FIC 50
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(3) 

Where: f is the parameter describing the degree of 

hermetic response. 

2.7 The toxic index (TI) 

The Toxic Index (TI) of each mixture was 

calculated as the sum of toxic units for all mixture 

components (Eq.4). 

(4) 

Where Ci is the concentration of the ith 

component in the mixture and EC50i is the 

concentration of the ith component that elicited 

50% decrease in dehydrogenase activity when 

tested as an individual, n is the number of 

components in the mixture and πi is the proportion 

of ith component in the mixture. The effect of the 

mixture is interpreted as antagonism or synergism 

if TI is greater than 1 or less than 1 respectively. 

The effect is described as additive if TI equals 1 

[33]. 

 

III. RESULT 
3.1 Toxicity of ternary mixture 

Figure 1 showed the effects of ternary 

mixtures of zinc, cadmium and phenol on 

Saprochetae sp. dehydrogenase activity. Figure 2 

showed the effects of ternary mixtures of zinc, 

cadmium and phenol on Cryptococcus sp. 

dehydrogenase activity. The model fit curve for the 

assessment of the toxic effects of ternary mixtures 

of zinc, cadmium and phenol on dehydrogenase 

activity of both Cryptococcus sp. and Saprochetae 

sp. showed progressive inhibitory effects on the 

dehydrogenase (enzyme) activity test of 

Cryptococcus sp. and Saprochetae sp. as the 

concentration increases. Figure 3 and fig 4 showed 

the equi-effect of the ternary mixtures of zinc, 

cadmium and phenol on Saprochetae sp. and 

Cryptococcus sp. dehydrogenase activities 

respectively. The result shows that there is an 

inhibitory effect on the dehydrogenase activity of 

both Cryptococcus sp and Saprochetae sp as the 

concentration of the mixtures increases. 

The toxicity threshold for the ternary 

mixtures of the chemicals on the enzyme activity of 

both Cryptococcus sp. and Saprochaete sp., are 

shown in Table I. mixture ratio of 50% zinc + 45% 

phenol +5% cadmium exerted the highest toxicity 

on both Saprochaete sp. and Cryptococcus sp. with 

IC50 of 0.466 mM and 0.43 mM respectively, while 

mixture ratio of 27.2% zinc + 71.1% phenol +1.7% 

cadmium had the lowest toxicity with IC50 of 1.151 

mM for Saprochaete sp and IC50 of 1.215 mM on 

mixture ratio of 28% zinc + 70% phenol + 2% 

cadmium for Cryptococcus sp. Toxicity of Equi-

Effect (EE50) mixtures was highest on 

dehydrogenase activity of Cryptococcus sp with 

IC50 of 0.746 mM, while it exerted a low toxic 

effect on Saprochaete sp with IC50 of 1.89 mM 
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Toxic interactions of the ternary mixtures 

of the chemicals on dehydrogenase activity of both 

Cryptococcus sp. and Saprochaete sp are shown in 

Table II. All the mixtures ratios showed synergistic 

interaction for both Saprochaete sp and 

Cryptococcus sp.  
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Figure 1: Toxicity of ternary mixtures of zinc, cadmium and phenol on Saprochaete sp. 
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Figure 2: Toxicity of ternary mixtures of zinc, cadmium and phenol on Cryptococcus sp. 
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Figure 3: Equieffect (EE50) mixture of Zinc, Phenol and Cadmium on Saprochaete sp. 
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Figure 4: Equieffect (EE50) mixture of Zinc, Phenol and Cadmium on Cryptococcus sp. 

 

Table I: Toxicity thresholds (IC50) of ternary and equi-effects mixtures on dehydrogenase activity of the 

Cryptococcus sp. and Saprochaeta sp. 

 IC50(mM) 

Chemical/Ratio Saprochaeta sp. Cryptococcus sp. 

12.9%Zinc +86.2%Phenol + 

0.9%Cadmium 

0.627±0.014 0.50±0.0186 

27.2%Zinc+71.1%Phenol+1.7%Cadmium 1.151±0.289 0.786±0.044 

28%Zinc + 70%Phenol + 2%Cadmium 1.12±0.119 1.215±0.370 

50%Zinc + 45%Phenol + 5%Cadmium 0.466±0.016 0.43±0.057 

EE50 Zinc + Cadmium + Phenol 1.89±0.362 

 

0.746±0.074 

 

 

Table II: Toxic Interactions of the ternary mixtures of the test chemicals on Cryptococcus sp. and 

Saprochaeta sp. 

 

Mixture/ Ratio 

Saprochaete sp. Cryptococcus sp. 

Toxic 

Index 

(TI) 

Interaction Toxic Index 

(TI) 

Interaction 

12.9%Zinc + 86.2%Phenol + 

0.9%Cadmium 

0.369 Synergistic 0.139 Synergistic 

27.2%Zinc + 71.1%Phenol + 

1.7%Cadmium 

0.607 Synergistic 0.147 Synergistic 

28%Zinc + 70%Phenol + 

2%Cadmium 

0.909 Synergistic 0.834 Synergistic 

 

IV. DISCUSSION 
This study evaluates the toxicity of ternary 

mixtures of phenol, zinc and cadium to 

Cryptococcus sp. and Saprochaete sp. Zinc is a 

trace element, it is toxic to microorganisms at 

elevated concentrations [32]. Cadmium has been 

reported to inhibit microbial population and 

enzymes activity in both aquatic and soil 

environment. For instance, increasing the 

concentrations of cadmium in soil was reported to 

gradually decrease the microbial community and 

enzymes [34] [35]. Phenols are membrane 

damaging biocides [36] causing loss of cytoplasmic 

membrane integrity and thus disruption of 

membrane functions. Research has shown that 

increased concentration of phenol, zinc and 
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cadmium in the soil is detrimental to the microbial 

population, this reflected in this research, where the 

ternary mixtures of phenol, zinc and cadmium 

showed a progressive inhibitory effect on the 

dehydrogenase activates of both Cryptococcus sp. 

and Saprochaete sp. Similarly, Nwanyanwu et al. 

[29] reported that increase in the concentrations of 

zinc, cadmium and phenolic conmpounds 

progressively inhibited the dehydrogenase activity 

of bacterial consortium. Ventura et al. [37] in their 

work “toxicity of metal cations and phenolic 

compounds to the bioluminescent fungus 

Neonothopanus gardneri” also reported that phenol 

and cadmium were toxic to the fungus 

Neonothopanus gardneri. Nlemolisa, et al. [28], 

also reported inhibition of the dehydrogenase 

activities of yeast by zinc, cadmium and phenol, 

both as an individual chemical and their binary 

mixtures. Nweke and Okpokwasili [38] reported 

inhibition of the dehydrogenase activity of 

Rhizobium species by glyphosate, 4-Chlorophenol 

and 2, 4 dichlorophenol and Nweke et al. [39] 

where glyphosate, phenol, 4-CP and 2, 4-DCP 

progressively inhibited dehydrogenase activity. 

For the toxicity threshold (IC50), mixture 

ratio of 12.9% zinc +86.2% phenol +0.9% 

cadmium has an IC50 of 1.151 mM (Saprochaete sp) 

and 0.786 mM (Cryptococcus sp), 27.2% zinc + 

71.1% phenol +1.7% cadmium has an IC50 of 0.627 

mM (Saprochaete sp) and 0.50 mM (Cryptococcus 

sp), 28% zinc + 70% phenol + 2% cadmium has an 

IC50 of 1.12 mM (Saprochaete sp) and 1.215 mM 

(Cryptococcus sp) and 50% zinc + 45% phenol 

+5% cadmium has an IC50 of 0.466 mM 

(Saprochaete sp) and 0.43 mM (Cryptococcus sp). 

Mixture ratio of 50% zinc + 45% phenol +5% 

cadmium exerted the highest toxicity on both 

Saprochaete sp and Cryptococcus sp with IC50 of 

0.466 mM and 0.43 mM respectively. This highest 

toxicity exhibited by this mixture 50% zinc + 45% 

phenol +5% cadmium where cadmium is the 

highest among the four mixtures shows that 

cadmium has no physiological function and 

strongly inhibit microbial metabolism even at low 

concentrations [32]. This is in agreement with 

Ventura et al. [37], where cadmium exerted the 

highest toxicity on Neonothopanus gardner. 

Cadmium exhibited sharp inhibitory effect on the 

dehydrogenase enzyme activities of yeasts [28]. 

Toxic effects includes the blocking of 

functional groups, displacement and substitution of 

essential metal ions for biomolecules, 

conformational modification, denaturation and 

inactivation of enzymes and distruptions of cellular 

and organellar membrane integrity Nweke and 

Okpokwasili [40]. Toxicity of nonessential metals 

occurs through the displacement of essential metals 

from their native binding sites or through ligand 

interactions. For example, lead (Hg2+), cadmium 

(Cd2+) and silver (Ag2+) tend to bind to sulfhydryl 

(−SH) groups of enzymes essential for microbial 

metabolism, and thus inhibit the activity of 

sensitive enzymes. It can also be due to its 

chemical similarity to certain essential mineral 

elements, example zinc (Zn), iron (Fe) and calcium 

(Ca). Cadmium toxicity rises from displacement of 

these essential elements from a number of essential 

metalloproteins. 

The Toxic Index values obtained for all 

the ternary mixtures are less than 1, thus describing 

synergistic interactions [33]. 

 

V. CONCLUSION 
Inhibition of dehydrogenase activity was 

used in assessing the toxic effects of ternary 

mixtures of phenol, zinc and cadmium on 

Cryptococcus sp. and Saprochaete sp. The results 

of this work indicated that the ternary mixtures of 

phenol, zinc and cadmium, exhibited synergistic 

interactive effect on the organisms. This study 

could constitute base line information towards 

assessing the possible environmental hazards 

associated with contamination of the environment 

with phenol, zinc and cadmium. 

The less common use of soil 

microorganisms than that of aquatic 

microorganisms to assess contaminant toxicity and 

the poor accuracy of different bioassays 

strengthens the argument for the need to extend 

studies to terrestrial species in order to better 

understand their development and biological 

responses. Fungi are of special interest in this 

respect because of their key role in soil 

environment and their strategic position at the base 

of the terrestrial food chain.  
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