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 Phenols and their derivatives commonly exist in the environment. These compounds are 

used as the components of dyes, polymers, drugs and other organic substances. The 
presence of phenols in the ecosystems is also related with production and degradation 

of numerous pesticides and the generation of industrial and municipal sewages. Some 

phenols are also formed during natural processes. These compounds may be substituted 
with chlorine atoms, may be nitrated, methylated or alkylated. both phenols and 

catechols are harmful ecotoxins. Occupational exposure to phenols is related to 

production of phenolic resins that belong to plastic materials used in Poland to produce 
glue, vitreous fibre, dyes and products of common applications. During processing 

(induration) of resins at high temperatures, some phenols (like phenol and m-cresol) are 

emitted .Toxic action of these compounds stems from unspecified toxicity related to 
hydrophobocity and also to the generation of organic radicals and reactive oxygen 

species. This review will throw light on the importance of phenols and phenolic 

compounds on the nature and hazard effects on living organisms. 
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INTRODUCTION 

 

Phenols and phenolic compounds are of environmental concern due to their toxicity and being as ubiquitous 

contaminants in the environment. Phenols are discharged into water from the effluents of a variety of industries 

such as coal refineries, phenol manufacturing, pharmaceuticals, industries of resin, paint, dyeing, textile, leather, 

petrochemical, and pulp mill. Natural processes such as the decomposition of plant matter also contribute to 

phenol accumulations in the aquatic environment. Phenols are of growing concern due to their high persistent 

and toxicity in the environment and aquatic system in addition to the difficulty in detecting them given their lack 

of taste and odor.  

Phenols of anthropogenic origin exist in the environment due to the activity of the chemical, petrol, tinctoral 

or phar-maceutical industries. The compounds penetrate ecosystems as the result of drainage off the municipal 

or industrial sew-age to surface water. Moreover, the occurrence of phenols in the environment stems from the 

production and use of numerous pesticides, in particular phenoxyherbicides like 2.4-dichlorophenoxyacetic acid 

(2.4-D) or 4-chloro-2-methylphenoxyacetic acid (mcPA) and also phenolic bio-cides like pentachlorophenol 

(PcP) ,dinoseb or diaryl-ether pesticides. Some phenols may be formed as a result of natural processes like the 

formation of phenol and p-cresol during decomposition of organic matter or synthesis of chlo-rinated phenols by 

fungi and plants .Fish plays an important role, not only in human food diets but also in animal and poultry 

rations. It is a palatable and easily digested food which is rich in vitamins, calcium, phosphon.rs and iodine. In 

Egypt, fish is considered as a cheap food article if compared with other foods of animal origin. The flesh of 

healthy fish is considered as a marker for the natural aquatic environment [1] 

Phenol and phenolic compounds are xenobiotics stressful environmental factors to which animals are 

subjected to serve anemia due to phenol and have become environmental problem due to anthropogenic impact 
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on the environment [2]. They also are good research models of wide spread xenobiotics. Also, they are 

commonly present in industrial wastewaters and in non-specific pesticides, herbicides, bactericides and 

fungicides. They induce genotoxic effect, carcinogenic effect, and immunotoxic effect. 

Thus phenol pollution presents a threat against natural environment and also to human health. When the 

phenol is present in the aquatic environment, fish food consumption, mean weight and fertility are significantly 

reduced. For these reasons, phenol intoxication must be taken in consideration in the fish farming systems and 

also in natural aquatic habitat. 

 

Routes of exposure: 

Human exposure to organic pollutants occurs mainly through occupational exposure and dietary intake of 

contaminated water and food [3], but a significant exposure may also take place by intake of contaminated soil 

via ingestion, inhalation or dermal contact. Soils are good adsorbents of the phenolic contaminants due to their 

high surface area and surface activity and play a very important role in their fate and distribution in the 

environment. Soils may act as re-emission sources for the pollutants through volatilization, degradation and 

leaching [4]. Therefore, soil could be considered in any risk assessments involving potentially harmful toxic 

organic pollutants [5]. 

 

Anthropogenic and Natural Sources of Phenols: 

The presence of phenolic compounds in soils is due to different sources including  industrial activities of 

chemical, textile, pharmaceutical, polymers, pulp and paper, woods, plasticizers, pesticide, and metallurgic 

industries or by the release of industrial effluents and domestic sewage [6,7]. Some phenols in the soils originate 

from the transformation of pesticides such as 2.4-dichlorophenoxyacetic acid (2.4-D),4-chloro-2-

methylphenoxyacetic acid (MCPA), 2,4,5-trichloro-phenoxyacetic acid (2,4,5-T), 2-buthyl-4,6-dinitrophenol 

(dinoseb), and phenolic biocides like pentachlorophenol (PCP) [8] and from atmospheric depositions [9] 

Moreover, nitrophenols and methylphenol sources have been related to vehicular emissions [10,11]. Phenols 

may occur  naturally via biodegradation of humic products, for example tannins and lignins[12].some phenols 

may be formed as a result  of natural processes like the formation of phenol and p-cresol  during decomposition 

of organic matter or synthesis of chlorinated phenols by fungi and plants [13].  

 

a. Phenol: 

Phenol (hydroxybenzene) is a colourless, crystalline substance of characteristic odour, soluble in water and 

organic solvents.  

Phenol is synthesized on an industrial scale by extraction from coal tar as it is formed by transformation of 

high quantities of cumene present in plants that were used for tar production. Phenol is also obtained in a 

reaction between chlo-robenzene and sodium hydroxide, toluene oxidation and synthesis from benzene and 

propylene.  

It is commonly  used in different branches of industry including chemical production of alkylphenols, 

cresols, xylenols, phenolic  resins, aniline and other compounds [14], oil, coal processing and metallurgic [15]. 

Phenol is also used in pesticides, explosives, dyes and textiles production [16]. 

Phenol is also formed as the result of chemical reactions that occurred in the atmosphere in condensed 

water vapour that forms clouds. hydroxybenzene is also formed  during natural processes like biosynthesis by 

plants or  decomposition of organic matter [17]. This compound is also formed from amino acids contained in 

plants’ hemicelluloses under the influence of uv-irradiation (sunlight)  [18] and tyrosine transformation in 

mammalian (including human) digestive tract [19].  

Phenol concentration in processed food may reach alarming concentrations. For example, in grilled sausage 

and pork the content of phenol was 7 and 28.6 µg/kg, respectively [20]. Other authors have found phenol in the 

outer layer of smoked meat in concentrations of 37-70 mg/kg.   

 

b. Chlorophenols: 

Chlorophenols are the most widespread and the largest group of phenols. Chlorophenols are formed in the 

environment by chlorination of mono and polyaromatic  compounds present in soil and water. Synthesis of 

chlorophenols proceeds at the participation of chloroperoxidases contained in plants and microorganisms in the 

presence of hydrogen peroxide and inorganic chlorine [21]. The example is synthesis of chlorinated phenols by 

fungi  fromHypholomagenera[13, 22]. The concentrations of  chlorophenols in oceanic waters are of 5-10 ng/l. 

The highest concentrations are noted for river waters and are  in the range of 2-2000 µg/l. chlorophenols are also 

present in drinking water due to substitution of organic matter and low molecular weight compounds (present in 

purified water) with chlorine atoms derived from inorganic  chlorine oxidants.  

The highest concentrations of phenols are noted in industrial sewages and may reach  (for 

pentachlorophenol) 0.1-10 mg/l. Atmospheric concentrations of chlorinated phenols are usually contained  in 

low concentrations of 0.25 to 7.8 ng/m 3 [23]. Both tetrachlorophenol and pentachlorophenol were identified in 
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agricultural products like carrots, potatoes and turnips in concentrations of 1 to 45 µg/kg of wet weight 

[24]Chlorophenols were also determined in poultry with concentrations of 2 to 3 µg/kg of chicken flesh. Usually 

10 mg/kg levels of the lower chlorinated phenols are found in serum and adipose tissue of the general 

population.  

The most  popular are 2.4-dichlorophenoxyacetic acid (2,4-D) [8], 4-chloro-2-methylphenoxyacetic acid 

(mcPA) [25] and  2,4,5-trichloro-phenoxyacetic acid (2,4,5-T) that biodegradation leads to the formation of both 

phenols (phenol,  2-chlorophenol and 2,4-dichlorophenol) and catechols  (catechol and 4,6-dichloro-catechol). 

Biotransformation of 4-chlorophenoxyacetic acid  leads to the formation of 4-chlorophenol and 

photodegradation of dichlorprop and 2,4-D causes the formationof 2-chlorophenol, 4-chlorophenol and 2,4-

dichlorophe-nol. moreover, transformation of the widely used group  of diaryl-ether pesticides like nitrophen or 

dichlorodiphe-nylresults in the formation of very toxic and resistant to  biodegradation 2,4-dichlorophenol [11]. 

The other well-known pesticide used as a herbicide and insecticide is pentachlorophenol (PcP). This compound 

is also used to impregnate wood, textile and skin products as it has strong fungicide capacities. In the 

environment pentachlorophenol is usually degraded to chlorophenols of lower number of chlorine atoms [9]. 

The compound may also be formed from other pesticides including hexachlorocyclohexane,  

hexachlorobenzene, pentachlorobenzene and pentachlo-ronitrobenzene. Other phenolic biocides are 2-

chlorophe-nol, 2,4-dichlorophenol and 2,4,5-trichlorophenol used  as herbicides and 4-chlorophenol employed 

as fungicide  [26].  

Microbiological transformation of chlorophenols, mainly PCP used in finishing materials, leads to the 

formation of other toxic compounds – trichloroanisoleand  tetrachloroanisole[27]. 

Pentachlorophenol (PCP) is released to the environment as a result of its manufacture, storage, transport or 

use. One major use of PCP is as a wood preservative, primarily applied to protect timber from fungal rot and 

wood-boring insects, but it has also been used as a pre-harvest defoliant in cotton, as a general pre-emergence 

herbicide, and as a biocide in industrial water systems. Its sodium salt is used for similar purposes and readily 

degrades to PCP. At present, the most extensive use of PCP is the production of the ester, 

pentachlorophenyllaurate (PCPL), which is less toxic by an order of magnitude. 

 

c. Catechol and Chlorocatechols: 

Chlorocatechols in regard to anthropogenic origin more commonly occur in polluted water. The 

concentrations of chlorocatechols in municipal raw sewages that contaminated the river exceeded 5 µg/l[28] in 

water of natural origin chlorocatechols may be absent or exist in small concentrations. 

Catechol is aromatic alcohol that has hydroxyl residues on the first and the second carbon positions. It is 

soluble both in water and organic solvents. On an industrial scale it is formed in a process of catalytic hydrolysis 

of 2-chlorophenol in high temperature. It is also formed in the result of phenol and benzoic acid hydroxylation 

process. catechol is used in photography [29], rubber and synthetic material production and drug synthesis [30]. 

It is also used in cosmetic [31], dye and insecticide production [32]. catechols are  also employed in production 

of 4-tert-buthylcatechol, the compound that inhibits the polymerization process of synthetic materials [33]. 

chlorinated derivatives of catechol  are used in dichloroaniline and chlorinated biphenyls production [34]. 

catechol and chlorocatechols are the main products of phenol and chlorophenols environmental transformation. 

The processes are mainly performed by microbes that hydroxylate phenols at the second carbon position [35]. 

For example, the transformation of penta-chlorophenol lead to tetrachlorocatechol formation that may be further 

degraded to chlorinated catechols of lower number of chlorine atoms. It was also noted that micro-biological 

transformations of chlorobenzenes, chlorinated phenoxyacetates and chlorobiphenyls result in chlorocat-echols 

formation [36]. 

 

d. Nitrophenols: 

The presence of nitrophenols in the environment is related both to natural processes and anthropogenic 

activity. Nitrophenols, particularly 2-nitrophenol and 4-nitrophenol, are formed in the reaction of phenol with 

nitrite ions in water. The reactions proceed under the influence of uv irradiation (sunlight) and in the wide range 

of pH values [37]. Environmental reactions also lead to the formation of nitrophenols in the atmosphere. The 

reaction of phenol, nitrite ions and hydroxyl radical leads to the formation of 2-nitrophenol and other nitrated 

compounds [38]. Nitration of phenols substituted mainly in ortho and para positions also proceeds at the 

participation of enzymes present in plant tissues. Peroxidases and li-pooxygenases in the presence of nitric ions 

and hydrogen peroxide catalyze phenol nitration to form nitrophenols. It is considered that this phenomenon 

may considerably effect the presence of nitrophenols in soil environment [39]. Nitrophenols in the atmosphere 

are usually deter-mined in low concentrations of some ng/dm3 , however strong pollution of air due to industrial 

emissions lead to  increase of nitrophenols concentrations up to 320 ng/dm3[40] In water nitrophenols exist in 

concentrations that seldom exceeded some µg/l.  

Nitrophenols are formed by man during production and degradation of pesticides like 2-buthyl-4,6-

dinitrophenol (Dinoseb) and 4,6-dinitro-2-methylphenol (DNoc). Those compounds are also used as 
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components and precursors in polymers and drug production [41], and  employed as photographic developers 

and preservatives. Moreover, nitrated phenols are used in dyes, solvents, plastics and explosives production [42] 

and formed due to electric, electronic and metallurgic industrial activity [20]. mononitrophenols, 3-methyl-4-

nitrophenol and 4-nitro-3-phenylphenol reach the environment in regards to vehicular emissions [43].  

Exposure of the general population to nitrophenol isomers is mainly through ambient air and drinking 

water. A daily uptake by inhalation of nitrophenols was calculated to be of 0.06 µg/kg per body weight. The 

uptake via drinking  water for 2- and 4-nitrophenols is calculated to be about 0.02 µg/kg body weight 

[mAsselTer  et al.,1993 51]. workers are usually exposed to high (toxic) concentrations of nitrophenols via 

inhalation and skin contact during production and processing (mainly in the manufacturing of pesticides). 

 

e-methylphenols: 

methylphenols commonly exist in the environment,  often in considerable concentrations. The highest 

concentrations of methylphenols are noted in waters situated near plants that produce coal tar (creosote) – 

determined concentration of 4-methylphenol in ground water exceeded 2 mg/l. There are some reports 

concerning atmospheric concentrations of methylated phenols. The median air concentration of cresols was 1.58 

µg/m3 for 32 source sites in the USA. Rain-water concentrations for o-cresol were determined at 0.24 to 2.8 

µg/l. These results may lead to the conclusion that methylphenols exist in the air in higher amounts than other 

phenolic compounds. The environmental transformation of 4-chloro-2-methylphenoxyacetic acid (mcPA) lead 

to the formation of 2-methylphenol [25].methylphenols are contained in high concentrations (up to several 

grams per kilogram) in coal tar used for asphalt production and wood impregnation. The commonness of 

creosote usage is the reason for releasing considerable concentrations of methylphenols, in particular 4-methyl-

phenol, to the natural environment. The representatives of methylphenols are cresols that form three isomers – 

ortho, meta and para-cresol. Chlorinated and nitrated form of o-cresol is used as a compound of herbicide and 

pesticide properties. It is also used for epoxy-resins, dyes and drug production [44]. both cresols, 

dimethylphenol and 2,4,6-trimethylphenol are formed during coal and gasoline combustion [45]. The presence 

of p-cresol is also related to the production of sewage by the petrochemical industry. The occurrence of m-cresol 

in the environment is mainly related to use this compound in cosmetic, fragrance, disinfectant, explosive and 

pesticide production [44]. The mixture of m-cresol and p-cresol is used in insecticide synthesis.  

The solution of cresols in potassium soap is known as lisole and is used in medicine as it reveals strong 

disinfecting activity. Cresols at concentrations normally found in the environment do not pose any significant 

risk for the general population. However, the potential for adverse health effects exists for specific 

subpopulations living on the industrialized regions and under conditions of exposure. For example, significant 

concentrations of cresols (0.01 – 0.2 mg/l) have been noted in beverages. Moreover, the incineration of one 

cigarette leads to inhalation of 75 µg of p-cresol. 

 

f. Alkylphenols: 

Alkylphenols of low molecular weight commonly exist in rock-oil and shale oils. The sources of these 

compounds in particular substituted in para position are geochemical  

processes like methylation, buthylation and alkylation that proceed in geological structures [46]. These 

compounds are also produced in some technological processes. For example, nonylphenols are derived from 

nonylphenolethoxylates – the surfactants produced for industrial and farming purposes [47]. They are also used 

as emulsifiers, wetting agents and dispersing agents. Nonylphenolpolyethoxylate are used in many sectors 

including textile processing, pulp and paper processing, paints, resins and oil production and steel 

manufacturing. Alkylphenols are also formed as a result of pesticide degradation, agriculture and industrial 

sewage production [48]. Analysis of drinking water purified by plants situated nearby textile and wood 

processing factories (Qebec, canada) revealed the presence of alkylphenols in the range of mean concentrations 

of 0.02 to 2.8µg/l with the highest amount of 43.3µg/l[49].  

The concentration of nonylphenol in soil may be high in a field that received municipal sewage sludge 

application, the concentration of 4-nonylphenol was 2.7 mg/kg of soil.  

Alkylphenols and alkylphenolethoxylates are able to accumulate in tissue of living organisms. The analysis 

of fish tissue collected from the kalamazoo river (michigan,  usA) revealed the presence of alkylphenol with the 

highest concentration of 3.4µg/l of body weight [5]0. The presence of p-buthylphenol and p-octylphenol was 

also noted in rubber products that are in contact with food. The range of high concentrations of octylphenol was 

of 2.6 to 513µg/kg [51].  

The study of 60 food products on the market in Germany illustrated the widespread nature of alkylphenol 

contamination. Nonylphenol was detected in every sample within the range of 0.1-19.4µg/kg of food.  

The highest (toxic) concentration was noted in samples collected from apples [52]. Those compounds have 

also been identified in dust samples of offices and houses. moreover, they have been found in bottles, toys, 

paints, cosmetics, air fresheners, T-shirts, sport shoes, mobile phones and computers [53]. The common 
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occurrence of these compounds in food and industrial products leads to exposure of the general population to 

these compounds.  

 

g. Bisphenols: 

Bisphenols, in particular bisphenols A and F are used as the components or are formed as byproducts in 

lubricants, epoxy-resins, rubber and other synthetic production [54]. brominatedbisphenols like 

tetrachlorobisphenol in considerable concentrations are present in ashes produced during aluminium 

processing[55].  

The atmospheric content of bisphenols is different. The presence of the compound in high concentrations of 

µg – mg/dm3 were noted in the air of urbanized areas of Germany [56]. The commonness of bisphenols 

appearance in plastic packages and varnishes used in internal sides of tins causes penetration of these 

compounds to food [57]. This compound also migrates from through rubber products and plastic stretch film 

used in food contact applications. For example, in honey high concentrations of bisphenol A and F (2.0-33.3 

mg/kg) were noted as the result of contact of this product with package materials [58]. considerable 

concentrations of bisphenol A were also noted in fluids that were in contact with polycarbonate bottles intended 

for infants. multiple usage of bottles (often contact with warm fluids, washing, scrubbing) caused polymer 

degradation and more intensive releasing of bisphenol A to water, and the determined concentration was about 

6.7µg/dm3[59]. human infants ingest bisphenol A in a formula at an estimated rate of 1.6µg/kg/day, which is 

comparable with doses (about 2.0µg/kg/day) that cause toxic effects in animals [60]. In some instances, 

contamination has even been reported to arise from water filters [61]. Furthermore, patients on kidney dialysis 

may receive elevated exposures to bisphenol A as a result of the use of polycarbonate components in the 

equipment. Bisphenol A was also isolated from phenol red, the preparation commonly used to investigate 

physiological processes among animals and human [62].Aminophenols Para-aminophenol is used in oil, 

lubricants and as photographic developer. As N-acetylated form it is used as the main component of 

paracetamol, a drug of anti-inflammatory and analgesic capacities [63]. 3-aminophenol is used as the marker in 

analysis of antibacterial drugs – sulphonamides[64] and 2-aminophenol is used as the precursor for indols 

synthesis. All isomers of aminophenols and 2.4-diaminophenol are used in dyes used in colouring of hair 

[65]The presence of p-aminophenol in urine is the marker of paracetamol and aniline influence of human 

organism. People of highest occupational exposure to aniline are workers employed in rubber production and 

processing [66]. 

 

h. Buthylhydroxytoluene and buthylhydroxyanisole: 

Buthylhydroxytoluene (bhT) and buthylhydroxyani-sole (bhA) are antioxidants that are capable of 

scavenging reactive oxygen species and preventing their formation [67]. Both compounds are commonly used in 

food-stuffs given to animals. bhT is commonly used in gasoline, lubricants, oils, waxes, synthetics, rubber, 

plastics and elastomers as it prevents those materials from oxidation during storage. bhT is also used in edibles – 

oils, vitamins, cosmetics and fragrances [68]. sources of bhT also include industrial sewages and wastes 

combustion.  

 

Exposure of Population and mode of action: 

Occupational exposure to phenols is related to production of phenolic resins that belong to plastic materials 

used in Poland to produce glue, vitreous fibre, dyes and products of common applications. During processing 

(induration) of resins at high temperatures, some phenols (like phenol and m-cresol) are emitted. Exposure of 

workers to benzene is also related to the influence of phenol on their organisms as it is formed as the main 

metabolite during benzene metabolism. In regard to the presence of benzene in gasoline and vehicle exhausts 

and also in cigarette fumes exposure of the general population to phenol is considerable [69]. Exposure to 

biocyde – o-phenylphenol mainly concerns health service workers, and in particular assistant personnel. This 

compound is also used in disinfections of medical equipment and hospital waste. other examples are 

trichlorophenol and p-chloro-m-cresol used as the impregnants of leather and textiles to protect them from 

microbes [70] Penetration of phenol to organisms is related with diffusion of the compound across a cell’s 

membrane. The factor that strongly affects diffusion is hydrophobocity of the individual compound. The 

increase of hydrophobocity affects the more effective penetration of a cell’s membrane by phenol and thus 

enhances the toxicity of xenobiotics. The increase of hydrophobocity and the value of log P, and the decrease of 

pka value result in  more effective membrane penetration by xenobiotics and, thus, enhance their toxicity [70].  

The order of diffusion velocity of these phenols is given below: 

methylphenol>ethylphenol>propylphenol>>buthylphenol[71]. 

The essential factor that determines phenol toxicity is the reactivity of the compound with a cell’s 

biomolecules and is related with easiness of donation of free electrons by phenol from oxidized substrate. one-

electron reactions in cells are usually catalyzed by oxidative enzymes like peroxidases present in liver, lungs and 

other organs, prostaglandins and myeloperoxidases contained in bone marrow [72]. The effect of their action is 
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the formation of phenoxy radicals and intermediate metabolites – semiquinones and quinonemethides that 

interact with biomolecules in the cell. in these reactions reactive oxygen species like superoxide radicals or 

hydrogen peroxide also are formed. The effect of these forms on specified cell structures depends on phenol 

reactivity. Phenols that exert higher reactivity quickly undergo radical reactions and provoke lipid peroxidation 

of a cell’s membrane. The forms of lower activity penetrate internal spaces of the cell and damage membranes 

of endoplasmatic reticulum, mitochondria and nucleus and also their components like enzymes and nucleic acids 

[73]. Interaction of phenols (nitrophenols, nitrocatechols and penta-chlorophenol) or its radical metabolites with 

mitochondrion also leads to coupling between oxidative phosphorylation and electron transport in respiratory 

chain. Toxic influence of phenols is also related to the kind of substrate that comes into reaction, also its 

localization in cell and phase of cell proliferation. An important factor is also tissue type (cell) exposed to 

phenol activity. For example, diffusion of phenol to hepatocytes leads to its conjugation with glucuronides, 

sulphates, aminoacids and other substrates that protect cells from electrophilic metabolite influences. most 

phenols including phenol, chlorophenols, nitrophenols and aminophenols are characterized by toxic activity. 

Toxic influence is also exerted by catechol [74], chlorocatechols[75], methylphenols and other phenolic 

compounds [76]. 
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