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Abstract. Nowadays, environmental pollution is constantly increasing,
and depollution is the most important challenge of the 21* century. This
paper is a review of organic pollutants in wastewater that can be removed
by the photocatalysis process. Also are presented specialized studies that
demonstrate the removal of organic pollutants from wastewater and the
experimental conditions necessary to obtain high treatment efficiencies.
The important classes of pollutants in wastewater are hydrocarbons, halo
compounds, carbonyl derivatives, alcohols, phenols, pesticides, surfactants,
nitrogen containing compounds and dyes, and represent a major source of
water pollution. These organic pollutants are photodegradable and can be
easily removed by the photocatalysis process.

1 Introduction

Toxic organic pollutants from domestic use or from the activity of various industries are a
major environmental problem through water pollution, and their remediation is a
considerable concern [1]. A large number of organic pollutants such as dyes, pesticides or
pharmaceuticals are released daily into many wastewaters, which are then discharged into
natural waters and accumulate in the aquatic environment [2-6]. Pollution comes from
domestic, industrial and agricultural activities and cannot be stopped by conventional water
treatment methods. Thus, synthetic organic substances have been detected in small
quantities in lakes, rivers, oceans or drinking water. In order to remove organic pollutants
from wastewater, safe, efficient, economical and simple technologies are developed to
avoid toxic consequences on human health [7]. Organic pollutants removed / degraded from
wastewater by the photocatalysis process are described in the following subchapters.
Factors that may influence the photocatalysis process used to degrade wastewater
pollutants are pollutant nature, concentration and the existence of other compounds in
wastewater, the amount of photocatalysts added, their size and structure, water pH and
temperature, light intensity and irradiation time [8]. Also, the reactor design, the number of
UV lamps and their characteristics influence the photocatalysis process. High concentration
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of pollutants in wastewater can saturate the surface of the photocatalyst and thus, at some
point, can reduce photonic efficiency or deactivate the photocatalyst [9]. As mentioned
above, the photocatalysis process also depends on the nature of the pollutants. If the
pollutants are compatible with the photocatalyst used to adhere efficiently to its surface, the
process will be more efficient and faster in order to remove these pollutants from the
wastewater [8]. The degradation of the pollutant increases with the increase of the amount
of catalyst added in the wastewater. This phenomenon is explained by the fact that the
addition of a larger amount of photocatalyst leads to an increase in the number of active
sites that are needed to remove pollutants from wastewater [10]. The surface morphology is
a major factor that influences the photocatalysis process due to the existence of a direct
relationship between the pollutant and the photocatalyst surface [11]. Changing the pH of
the wastewater will change the potential of photocatalytic reactions and will influence the
reaction rate. Depending on the acidic or alkaline aqueous medium, the surface of the
photocatalyst can be protonated or deprotonated [12]. The increase of the reaction
temperature will lead to an increased photocatalytic activity. However, a temperature higher
than 80°C disadvantages the removal of pollutants using photocatalysts due to the
recombination of charge carriers. The temperature range considered adequate in the
photocatalysis process is 20-80°C [13].

1.1 Hydrocarbons

Water pollution with hydrocarbons has negative effects on all life forms, forming a toxic
film at the water surface, thus reducing the power of the sun to penetrate. In this case, the
aquatic plants photosynthetic activity will decrease. The main sources of water pollution
with hydrocarbons are represented by the oil platforms as well as the oil transport ships, by
accidental pollution or by the discharge into the sea of the washing water of the ship tanks.
By forming water-impermeable film due to crude oil and petroleum products, the exchange
of oxygen between the environment and water can no longer be achieved, causing damage
to animals, plants and humans [14].

1.2 Halo compounds

Halo-organic compounds are pollutants that are used as dyes, agrochemicals, solvents,
drugs, etc. These compounds are consumed by humans and animals by accumulating in
aquatic plants and animals [15].

In order to transform halo-organics into other non-polluting compounds, treatment
methods such as incineration, extraction, electrochemical treatment, chemical degradation,
sonochemical destruction and photochemical process are applied. The latter was found to
be the most useful method used in the degradation process of halo compounds in
wastewater [16-18].

1.3 Carbonyl derivatives

Carbonyl compounds are recognized as carboxylic acids, ketones, aldehydes and quinones
[15]. Table 1 shows carbonyl derivatives organic pollutants removed from wastewater by
photocatalysis using photocatalysts containing TiO,. Also, the experimental conditions and
the treatment efficiencies are presented in this table.
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Table 1. Examples of carbonyl derivatives removal from wastewater, conditions and efficiencies

. Initial . .
Photo;‘a}fql;/ e Pollutant concentration [T W? Eﬁ\l[ct)}f}ncy Ref.
maiteria [mg/L] min ()
Pt- TiO, Oxalic acid 1,98 60 100,00% [19]
TiO, Salicylic acid - 90 17,00% [20]
Polyacrylanitrile | 101 dehyd 90,00 250 ~86,00% [21]
7Ti02+H202 ormalaenyae 5 ~o60, (]
1.4 Alcohols

The alcohol industry is considered a major source of environmental pollution. After proper
treatment of these waters polluted with alcohol, they can be used for fertilized irrigation
[22]. Table 2 shows alcohols as organic pollutants in wastewater that are removed by the
photocatalysis process using photocatalysts containing TiO,. Also, the initial pollutant
concentrations, the required treatment time and the efficiencies are presented in this table.

Table 2. Removal of alcohols from wastewater, conditions and efficiencies

Photocatalytic Initial concentration Time Efficiency
material Pollutant [mg/L] [min] [%] Ref.
TiO, Degussa 25 n-butanol 580,00 30 99,00% [23]
Isopropyl

Photocatalytic alcohol 97,20%
media containing 1,00 120 [24]

Ti0, Ethanol 99,00%

1.5 Phenols

Phenolic compounds from wastewater come from natural, domestic, industrial and
agricultural activities. Following the decomposition or degradation of natural organic
matter in water, the disposal of household and industrial waste in water or runoff from
agricultural land, phenolic compounds may occur in wastewater [25]. They are aromatic
compounds, having attached on the aromatic ring one or more hydroxyl groups. The
discharge of toxic phenolic compounds into lakes, rivers or the sea comes from the oil
industry, the manufacture of phenolic resins, plastics, wood products, textiles,
pharmaceuticals, detergents, cellulose, pesticide synthesis and coking operations [26, 27].
Also, in aquatic environments can be generated phenolic pollutants, from the secretion of
algae, flavonoids, hydrolysable tannins and lignin transformation [28]. Due to their
corrosive nature, phenols can cause irritation to the eyes, skin and airways if they are
absorbed by the lungs [29]. Table 3 shows the removal of phenols from wastewater by
using photocatalysts containing TiO,.
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Table 3. Examples of phenols removal from wastewater
Photocatalvii Initial Ti Effici
? Ofa}fl;} ¢ Pollutant concentration / W? - ﬁchy Ref.
materia Jm/L] min o
TiO, Phenol 30,00 300 50,00% [30]
TiO, supported 0
ek Phenol 90,00 30 >90,00% [31]
TiO, P25 3 10,91 160 52,80% [32]
Degussa aminophenol

1.6 Pesticides

Pesticides are an important class of water pollutants. Pesticides such as beta-
hexachlorocyclohexane organochemicals, organophosphorus (representing a group of
insecticides) cypermethrin, dicofol, etc. are commonly used [15].

The efficient methods used to degrade pesticides are mechanical-chemical destruction,
precipitation, microbial degradation, thermal degradation, adsorption on activated carbon
and photocatalytic degradation. Due to the long contact time required and the high cost,
some methods are not so suitable for pesticide degradation. An easy-to-operate, fast and
low-cost process is required. Specialized studies show that the technology successfully used
to remove or degrade pesticides is photocatalytic oxidation [15]. Table 4 shows that
pesticides are efficiently removed from wastewater through the photocatalysis process by
using titanium dioxide as a catalyst.

Table 4. Degradation of pesticides from wastewater

Ph?nu;jg}f;l;} tic Pollutant concI:;t;}flal tion []’;ll’:;? Eﬁ‘i[(i)chy Ref.
[mg/L]
TiO, Dgiussa P- Pir;riqeigl};?s - 9.70 40 100,00% [33]
Lindane 77,00%
150
Anatase TiO, Methoxychlor >99.,00%
40,00 [34]
120 95,00%
p,p -DDT
Rutile TiO, 150 85,00%

DDT - dichlorodiphenyltrichloroethane

1.7 Surfactants

Surfactants are composed of a water-soluble hydrophilic group and an oil-soluble
hydrophobic group, two groups having the opposite nature. Surfactants are used in the
fields of research, technology, cosmetics, pharmacy, textiles, biotechnology or agriculture
on a large scale due to the fact that they possess favourable physico-chemical properties.
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Due to the foaming tendency and the low oxygenation potential, surfactants pose a great
threat to the aquatic environment. Types of surfactants can be ionic and nonionic. lonic
surfactants are cationic, anionic and amphoteric surfactants [15]. Table 5 shows the water
treatment efficiency with surfactant content through the photocatalysis process.

Table 5. Surfactants degradation from wastewater

. Initial . .
Ph?nu;j:}f;l;} fie Pollutant concentration []’;ll’:;? Eﬁi[(i)}e}ncy Ref.
[mg/L] o
SLS, SDDBS 50,00 60 80,00% [35]
TiO, DBS >80,00%
20,00 120 [36]
SDS >90,00%
TiO, — Cu,O DBS 100,00 - 97,30% [37]

SLS — sodium lauryl sulphate,
SDDBS - sodium dodecylbenzenesulphonate,
SDS — sodium dodecyl sulphate,
DBS — dodecylbenzenesulfonate.

1.8 Nitrogen containing compounds

Nitrogen-containing compounds include proteins, amino acids, pesticides, herbicides,
drugs, dyes and more. Due to their toxicity and stability in the environment, they can pose a
serious threat [15]. Nitrobenzene, as an example of a nitrogen containing compound, is
presented in the Table 6 as an organic pollutant that can be degraded by photocatalysis,

obtaining high water treatment efficiencies.

Table 6. Nitrobenzene degradation from wastewater

. Initial . .
Ph?:;jg}f?;;} tic Pollutant concentration [ZZZS Efﬁ[(;’;e}n & Ref.
[mg/L] g
Nanocrystalline
Ti0, 180 100,00
50,00 [38]
P-25 Degussa
TiO, 100,00
Nitrobenzene
TiO, nanotubes 100,00
40,00 240 [39]
TiO, powder 85,00
1.9 Dyes

Dyes represent the class of pollutants that is visually observable due to the coloration of the
water. Because of this, but also because of their toxicity, dyes have received a lot of




E3S Web of Conferences 286, 03017 (2021) https://doi.org/10.1051/e3sconf/202128603017
TE-RE-RD 2021

attention [40]. 10,000 dyes are commercially available and are used in the production of
textiles, paints, plastics, paper, cosmetics, rubber or tanneries [41]. Dyes are a major danger
to living organisms in water and negative impacts on humans are represented by symptoms
such as nausea, abdominal discomfort, vomiting and irritation [40]. Table 7 shows the
removal of dyes from wastewater by using photocatalysts containing TiO,. Also, the initial
pollutant concentrations, the required treatment time and the efficiencies are presented in

this table.
Table 7. Dyes degradation from wastewater
Photocatalytic [nitial Time Efficienc
ma teria;) Pollutant concentration [min] /%] Y Ref.
[mg/L] ’
Direct Green ~=84,00
Nano — SrTiO, : 20,00 180 [42]
Reactive ~88,00
Orange
10 100,00
CA - CNT/TiO, Methylene
~NH, blue 30 300 80,00 [43]
50 70,00
10 100,00
CA - CNT/TiO, Indigo carmin 30 180 90,00 [43]
—NH,
50 80,00
Methyl orange 61,50
Fe,05/TiO, 30 210 [44]
Congo red 46,80

CA — cellulose acetate

2 Conclusions

The heterogeneous photocatalysis process is found in Advanced Oxidation Processes
(AOP) and has great potential for degradation of wastewater pollutants. In this review were
presented the organic pollutants that can be degraded by the photocatalysis process.
Applying this process were obtained high treatment efficiencies for the removal /
degradation of organic pollutants from wastewater. From all the catalysts titanium dioxide
plays an important role. The application of the photocatalysis process has advantages such
as the degradation of organic pollutants or their transformation into non-toxic chemicals by
using TiO,-based catalysts. Using this process does not generate other pollutants or the
necessary energy resource comes largely from natural solar energy which is unlimited.
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The photocatalysis process could have some limitations represented by the possibility of
not reaching a maximum treatment efficiency, the difficulty of distributing the
photocatalyst particles uniformly, the difficulty of recovering nanoparticles from the
system, agglomeration of nanoparticles or inefficient use of visible light. However, these
limitations can be remedied by improving the process or photocatalysts used.

This work was supported by a grant of the Romanian Ministry of Education and Research, CCDI -
UEFISCDI, project number PN-I1I-P2-2.1-PTE-2019-0628, within PNCDI III.
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