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INTRODUCTION 

 

The PhD research refers to the investigation, the monitoring the concentration 

and finding out antipollution measures of some major environmental pollutants 

(nitroderivatives, nitrophenol pesticides, metabolic inhibitors, aromatic nitro ethers, 

other organic pollutants). The solutions by which extremely toxic compounds will be 

transformed in some harmless and even useful ones could contribute to the 

transformation of the contaminated technologies in some ecological ones. Recent 

research shows that these pollutants are highly toxic, without existing antidote, is 

accumulate in the body or converted into more toxic compounds and, with many 

fatalities due to their ingestion. The relationship between these persistent pollutants 

and the physiological processes is still little known at the molecular and cellular level. 

The present doctoral research aims at elaborating and applying new selective 

and sensitive analytical metods for the identification and cuantification of organic 

major pollutants in the environment (soil, waters etc) such as dinitrophenol pesticides 

and metabolic inhibitors. As well, the toxicological mechanisms of these pollutants at 

the molecular and cellular level are being investigated toxicokinetically and 

toxicodinamically. The real pollution and intoxication with dinitrophenol pesticides 

will be prevented; people will be awarded on the excessive use of chemical pesticides. 

People will be awared of a healthy agriculture, the need to use highly biological 

products, and the project will improve the health of population, reducing the risk of 

degenerative diseases. 

PhD thesis „The major environmental pollutants: uncoupling agents, 

mechanisms of toxicity and decontamination” contains 251 pages divided into 3 

chapters which include 28 Tables, 52 Figures, 7 Schemes and 234 references.  
Thesis is structured in two parts: first part contains information about 

literature (Chapter I), and the second part contains original results (Chapter II and 

III), divided in experimental part, materials and methods, conclusion and references.  

Chapter I comprise general considerations on the current state of scientific 

research on dinitrophenol pesticide (structure, use, stability, toxicity, action mode, 

characterization methods, decontamination, etc.).  

In the Chapter II are presents tools, materials and method used in developing 

the PhD thesis. 

 Chapter III was aimed at presenting original results and the related 

discussion was conducted in this thesis.   

 

Original researches carried out have been focused on several directions: 

 

 

1. The study of dinitrophenols decontamination methods using 

microorganisms, using commercial yeast Saccharomyces cerevisiae.  
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2. Was studied photocatalytic decontamination of dinitrophenol using 

nanoparticles of zinc ferrite (ZnFe2O4) as catalyst, synthesized  in the 

Faculty o Chemistry. 

3. Establishing an emphasizing action method of uncoupling oxidative 

phosphorylation by respiration 

4. Research on uncoupling agents action in glucose consumption and them 

study in the near-infrared.  

5. Results dissemination and establishing new collaboration within 

international specialists in environmental research. 

 

The carrying out of the present project has a major scientific technical impact 

by solving the problem of ultrarapid and ultrasensitive detection and monitoring the 

nitrophenolderivatives. It also proposed revolutionary microbiological methods of soil 

remediation, which will help increase crop quality, reducing quanty of pesticide 

content and also increasing the value of agriculture products.  

 

PART I. Literature study 

 

CHAPTER I. The current state of scientific research 

 

I.1. General considerations about the structure, use, stability, toxicity and 

action mode of dinitroderivatives 

 

Nitroaromatic compounds constitute a major class of widely distributed 

environmental contaminants. Many of these pollutants have been widely used 

pesticides that persist in some contaminated soils, and have been found in ground-

waters, causing health and environmental hazards. Dinitrophenols have multiple 

biological effects, being used in agriculture as insecticides, fungicides, herbicides and 

acaricides or in medicine and biology as metabolic inhibitors. These hazardous 

compounds in the contamination of the food supply from agricultural waste are an 

increasing concern worldwide. Trace amounts of nitrophenols have been found in 

spiked tap water, reservoir water and stream water [40]. Dinitrophenols (DNP) and 

their derivatives are known to be toxic to the environment, being potent uncoupling 

agents [63, 85]. Despite their overwhelming toxicity, some dinitrophenols are still 

used as pesticides with an important role in the chemical protection of plants [50]. 

Dinitrophenols have been used as body building drugs or analytical tools [7]. 

However, they may be hazardous materials when are largely used in agriculture and 

biology.  

These compounds act on respiratory process by blocking the reactions of 

oxidative phosphorylation, which results in the inhibition of ATP formation from ADP 

[139]. Many hypotheses and theories tried to explain their toxicity based on the 
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properties of dinitrophenyl moiety, which can inhibit the energy transfer from excited 

molecules in the cell to ATP synthase [63]. 

 
Fig. II.1. The chemical structure of investigated dinitrophenolic pesticides 

 

 

II.2.1. Decontamination of dinitroderivatives by yeast Saccharomyces 

cerevisiae suspensions 

 

The microorganisms used in the dinitrophenols decontamination were yeast 

suspensions 5g/L in the presence or absence of glucose [73, 74]. The yeast suspensions 

in the presence of glucose were prepared as follow: were mixed 10 g of yeast, 50 g 

glucose and 0.40 g/L KH2PO4, and was dissolved with 1000 mL distilled water. The 

investigated dinitrophenols had at concentration ranging from 10
–4

 M to 10
–2

 M. In 

300 mL Erlenmeyer flasks, in three replicates, were introduced 100 mL yeast 

suspensions, which were prepared as described above, over that 100 mL the 

investigated compounds. The biodegradation process occurs 7 days on an IKA-KS 

4000 ic control orbital stirrer at 30
 
ºC and 50 rpm (Fig. II.4). 
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Fig. II.4. Microbiological degradation of dinitroderivatives by yeast 

Saccharomyces cerevisiae suspensions 

 

Seven days after the starting of the biodegradative process of investigated 

compounds, yeast suspensions were centrifuged for 10 min at 6000 rpm. Separately, 

the content of supernatants with the resulted compounds in the degradation process 

was analyzed in thin layer chromatography. The supernatants were used in 

spectroscopic measurements and in germination experiments 

 

Germination tests with supernatants containing degraded DNOC. As low as 

10
–3

 M aqueous solutions of DNOC inhibit wheat growth, while DNOC-treated yeast 

suspensions were completely non-toxic to wheat seeds and seedlings (Fig. III.4.). 

Yeast suspensions lacking glucose could have a stimulatory effect on wheat 

development during germination experiments. In contrast, the glucose induced a less 

stimulatory effect on wheat seedlings. Possibly, glucose depleted in the presence of 

yeast in suspensions, and some by-products could have a toxic effect on wheat seeds 

and seedlings. 

 

Fig. III.4. Effect of DNOC and supernatants from DNOC biodegradation on 

wheat seeds during the 7-day germination process 
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To prove chemical transformation of the investigated dinitrophenols as well 

as to follow the degradation process, we measured the UV-visible spectra of 

supernatants (Fig. III.21.). The pesticide DNOC at a concentration of 5·10
–3

 M 

displayed three absorbance maxima at 212 nm, 263 nm, 370 nm, and a shoulder at 411 

nm. The supernatant from DNOC-treated yeast suspensions containing glucose, 

displays the following absorbance values: A = 0.343 (212 nm), A = 0.183 (268 nm), A 

= 0.283 (370 nm), and A = 0.277 (410 nm), respectively. Moreover, in the absence of 

glucose, the following values were measured: A = 0.696 (212 nm), A = 0.204 (268 

nm), A = 0.137 (370 nm), and A = 0.277 (411 nm), respectively. In brief, the band at 

212 nm disappeared due to yeast biodegradation, while the maxima at 268 nm and 410 

nm of pure DNOC in solution were shifted to 263 nm and 411 nm, on using yeast. In 

the presence of glucose the above mentioned maxima shifted toward 272 nm and 431 

nm, respectively. In addition, the absorbance at 268 nm decreased from 0.566 to 0.203. 

The spectra were normalized in order to compare the supernatants (Fig. III.21.). 
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Fig. III.21. Degradation of  DNOC (5·10
–3

 M) by yeast suspensions in 

absence/presence of glucose. Original spectra (left) and normalized (right). 

 

III.2. Photocatalytic degradation of dinitrophenols by ZnFe2O4 

nanoparticles in aqueous solution 

 

The photocatalytic degradation experiments were performed in a Pyrex 

cylindrical photo-reactor [80] (Fig. II.3.). A low pressure UV light Hg lamp emitting a 

wavelength of 254 nm was used for photoreaction.  
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Fig. II.3. Pyrex cylindrical photo-reactor 

 

III.2.1. Germination tests 

 

An aqueous solution of 2,4-DNP completely inhibited wheat germination 

and growth, whereas the supernatant that resulted from 2,4-DNP photodegradation 

was not toxic to wheat seeds and seedlings. We interrupted the biological experiment 

since the results were already conclusive (Fig. III.24.).  

 

 
Fig. III.24. Effect of 2,4-DNP-degradation solution resulted after the 

photocatalytic process on wheat seed germination 

 

Since the 10
–3

 M solution of 2,4-DNP had a toxic effect on wheat seeds, 

whereas the resulted supernatant from the UV-irradiated heterogeneous suspension of 

ZnFe2O4 catalyst in phenolic solution was not hazardous, we concluded that 2,4-DNP 

was mostly photodegraded. Moreover, this solution even had a slightly stimulatory 

effect on wheat germination since the height of plantlets increased from 35.66 cm to 

40.36 cm. We supposed that the photocatalytic-treated solution may contain 

degradative compounds with a nutrient effect on the seeds, or that they can be used as 

a nitrogen source by the wheat plantlets. (Table III.21.). 
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Table III.21. The effect of 2, 4-DNP solutions on wheat germination before 

and after photodegradation catalyzed by ZnFe2O4 

Treatment 
*)

 Seedlings 
Germinated 

seeds 

Dead 

seeds 

Seedlings 

height 

(cm) 

Seedlings 

weight (g) 

Control, H2O 12±1 1 7±1 35,7±12,2 0,39±0,09 

2,4-DNP + ZnFe2O4 14±2 0 6±1 40,3±7,7 0,42±0,08 

2,4-DNP 10
-3 

M 0 0 0 0 0 

 

III.2.3. Spectral analysis 

 

III.2.3.1. UV-Vis spectroscopy 

 

The 2, 4-DNP degradation efficiency on the zinc ferrite ZnFe2O4 catalyst was 

enhanced by reduced degradation time (15 min). The reaction was carried with a yield 

of 82%. The DNP absorption spectrum is dominated by a strong absorbance band at 

356 nm due to the n-π* transition of the nitro group, –NO2. Besides, characteristic 

bands are usually observed at 260 nm and 290 nm, being assigned to the π-π
* 

transitions related to the aromatic ring, and at 400 nm due to the charge transfer. The 

degradation reaction was followed based on the disappearance of the characteristic 

band at 356 nm (not shown). The changes in the optical densities at 260 nm and 296 

nm (benzene ring) also suggested the benzene-core opening. (Fig. III.26.).  
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Fig. III.26. Absorption spectra of pure 2,4-dinitrophenol (2,4-DNP; 250 µM) 

and the resulted supernatants after different UV irradiation times in  presence of 

ZnFe2O4 
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To prove the mechanism of photocatalytic process, GC-MS and FT-IR 

spectra of 2,4-DNP and the degradation products by ZnFe2O4-assisted UV irradiation 

were obtained. 

 

III.2.3.2. FT-IR spectroscopy 

 

The most important bands occurring in the FT-IR spectrum of 2,4-DNP were 

observed at 1348 cm
–1

 and 1535 cm
–1

, respectively, being attributed to symmetric and 

asymmetric stretching vibrations of the nitro groups. Besides, the stretching vibration 

of hydroxyl (-OH) was observed at 3434 cm
-1

 (Fig. III.29.). The C–O stretching 

vibration band of 2,4-DNP was found at 1238 cm–1, whereas the benzene ring 

appeared at 725 cm
–1

 and 842 cm
–1

. 
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Fig. III.29. Infrared spectra before (a) and after (b) photocatalytic 

degradation of 2,4-DNP 

 

After photodegradation process the signal at 3434 cm
-1

 characteristic to OH 

group were shifted at 3426 cm
-1

. The weak signal at 1381 cm
–1

 showed that nitro 

groups are still present in the resultant molecule, but that a C=O group appeared with 
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a characteristic absorption at 1635 cm
–1

. In fact, this band was characteristic of the –

CH=CH–CH=O structure, which was effectively found in our measurements. In 

addition, the strong signal at 2928 cm
–1

 indicated the CH stretch vibration. Moreover, 

all the signals in the fingerprint area characteristic for the benzene ring disappeared.  

 

III.2.3.3. GC-MS spectrometry 

 

The highest signal in the chromatogram, which appeared at 9.28 min, was 

subjected to MS analysis (Fig. III.30.). The molecular peak at m/z 203 was assigned to 

6-hydroxy-3,5-dinitrohexa-2,4-dienal (M) since the other peaks confirm the proposed 

structure. The other peaks were found at m/z = 186 (M-HO), m/z = 174 (M-CHO), m/z 

= 153 (M-HNO2), m/z = 109 (M-2NO2), m/z = 79 (M-2HNO2-CH2O)
+

 etc. 

 

 
Fig. III.30. GC-MS spectrum of the main photodegradation product of 2,4-

DNP 

 

 To explain the formation of 6-hydroxy-3,5-dinitrohexa-2,4-dienal starting 

from 2,4-DNP, we have taken into consideration two findings, namely epoxide[232] 

and HO• formation [77] under rather similar conditions (Scheme 4). Under UV 

irradiation, 2,4-DNP is excited, and this affords an epoxide, by binding of the excited 

oxygen atom to the adjacent carbon atom. This epoxide reacts with the radical HO• 

species to form a large and rather stable molecular radical. In its turn, the molecular 

radical undergoes some rearrangements and splitting to afford the final product of 

degradation with the liberation of HO• species, which continues the degradation 

process. 
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Schema 4. Proposed reaction mechanism of 2,4-DNP photodegradation 

catalyzed by ZnFe2O4 ferrite. 

 

 

III.3.3. Chemical method for identifying the uncoupling agents based on 

ethanol formation 

 

For emphasizing uncoupling agents effect of investigated compounds was 

used an indirect method based on the quantifying alcohol produced in fermentation. As 

vegetative samples were used yeast Saccharomyces cerevisiae or fresh plantlets or 

roots. The procedure was made in a closed container glass with a lid provided with a 

second internal smaller dish (Conway type) (Fig. II.2). 

 

 
Fig. II.2. Conway dish 
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This method can be used to identifying the uncoupling agents of oxidative 

phosphorylation, as well as quantifying the intensity of their action by determining the 

ethanol produced in living cells of some biological materials. Thus, the action of 

uncoupling agents, such as dinitrophenols, results in the inhibition of respiration of 

eukaryotic cells whereas the alcohol formed can be colorimetrically determined by the 

reduction in the presence of sulfuric acid (H2SO4) of the orange colored potassium 

dichromate (K2Cr2O7) to green colored salts of chromium (III). A well-defined volume 

of sample is taken from the green colored solution, diluted with distilled water, and its 

absorbance measured in a spectrophotometer or colorimeter. The calibration curve is 

carried out with different concentrations of ethanol. 

y = -0.6373x + 1.1991 
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Fig. II.5. Calibration curve for ethanol determination 

 

GENERAL CONCLUSIONS 

 

The study of decontamination methods of dinitrophenols using 

microorganisms such as using commercial yeast, Saccharomyces cerevisiae: 

 

 yeast S. cerevisiae can be degrade / decontaminate of pesticides 

dinitrophenol, and dinitrophenol, that at concentrations below 10
-3

 M; 

 following the research supernatants action on germination of wheat, yeast can 

be an effective agent for dinitrophenols derivatives degradation.  

 generally, yeast suspensions containing glucose proved to be less effective in 

decreasing pesticide dinitrophenol toxicity than those without glucose.  
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 biodegradation compounds were isolated and studies were performed using 

FT-IR, UV-Vis and GC-MS to establishing their structure; 

 GC-MS analysis technique was proposed a microbiological decontamination 

mechanism, whereby commercial yeast can reduce nitro groups, the toxically 

dinitrophenols compounds were converted in quinone imidic compounds rich 

in nitrogen ( fertilizer source); 

 we consider yeast can be used both in situ, in the contaminated area, and in 

some collecting devices for residual waters from the field Our results are in 

best agreement with those obtained by other authors, that measured CO2 

amount produced by yeast fermentation in the presence of various 

dinitrophenyl derivatives and related compounds. 

 

For the first time we studied 2,4-dinitrophenol degradation by using 

ZnFe2O4 in the presence of ultraviolet radiation.  
 

 the decontamination of 2,4-DNP efficiency, using zinc ferrite,  it was 

demonstrated by degradation reduced tim (15 minutes) and high efficiency 

(η= 82%), compared to using TiO2 as a catalyst; 

 infrared spectroscopy and the germination test, also confirmed the 

disappearance of the toxicity; 

 to prove the mechanism of photocatalytic process, GC-MS and FT-IR spectra 

of DNP and the degradation products by ZnFe2O4-assisted UV irradiation 

were obtained; 

 GC-MS was for the first time used to demonstrate the photocatalytic opening 

of the benzene core of 2,4-DNP with the formation of 6-hydroxy-3,5-

dinitrohexa-2,4-dienal in short reaction using zinc ferrite as a catalyst; 

 although the reaction mechanism is complex, DNP degradation suggests an 

unusual benzene-core hydrolysis. However, further research is needed to 

understand the fate of this compound over time under the photocatalytic 

conditions investigated here. 

  

Achieving a method emphasizing the ucounplig action of respiration to 

the oxidative phosphorylation:  

 

 this study is most important to understanding the transition from respiration 

to the fermentation action mechanism of dinitrophenyl ethers are conducted 

in a energy way, perhaps by formation of radicals and triplet state and the 

transport of protons as a secondary phenomenon in the oxidative 

phosphorylation process; 
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 ethanol formation can be colorimetrically determined, since the resulted color 

solution is green due to the reduction of chromium (VI) to chromium (III).    

The determination of  alcohol produced is dependen with the action of 

uncoupling oxidative phosphorylation, such as dinitrophenol derivatives or 

other compounds with similar uncouplied action, and also with their 

concentration and the action time; 

 according with the absorbance intensity at the 350 nm was realized a database 

with the main substances who have uncoupling properties;  

 further research aimed to establishing a ne correlations (if any) between the 

studied compounds acidity and their uncoupling ability, or between the last 

parameter and the membrane lipids solubility. Also to be estimated electron 

density for each molecule and to be observed a correlation between the 

absorb radiation ability of these compounds at different wavelengths and if 

they absorb in infrared.  
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