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FENTON REACTION -
CONTROVERSY CONCERNING THE CHEMISTRY

REAKCJA FENTONA - KONTROWERSJE DOTYCZ ACE CHEMIZMU

Abstract; There is something intriguing and at the same fimseinating that a simple reaction (ofFins
with H205), which was observed by H.J.H. Fenton over 11@syago, proves to be very difficult to describe
and understand. As yet the nature of the oxidizpgcies obtained in Fenton reaction is still a etbpf
deliberation, which may be explained by the faatth is very common in both chemical and biologica
systems and in natural environment. It is a paratiat the Fenton reaction is successfully used in
environmental protection (for example in wastewadteatment and remediation of groundwater) and it i
thought to be a factor, which causes damage todiemules and plays a major role in the aging poeesl

a variety of diseases. This article presents at shoiew on radical and non-radical mechanismieffenton
reaction postulated in literature, possible reacfiathways as well as various points of view i field.
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Introduction

The oxidation of organic substrates by iron(ll) dndirogen peroxide is called the
“Fenton chemistry”, as it was first described by H.J.H. Fenton whstfobserved the
oxidation of tartaric acid by D, in the presence of ferrous iron ions [1]. Alteivelty,
the name of Fenton reaction” or “Fenton reagent” is often used. We know that the
Fenton reagent defined as a mixture of hydrogenxiae and ferrous iron is currently
accepted as one of the most effective method$éoxidation of organic pollutants.

The Fenton reagent has been known for more thamtury but its application as
an oxidizing process for destroying hazardous aogawas not applied until the late
1960s [2, 3]. After this time comprehensive invgations showed that the Fenton
reagent is effective in treating various industnehstewater components including
aromatic amines [4], a wide variety of dyes [548sticides [8-10], surfactants [11-13],
explosives [14] as well as many other substancesa Aesult, the Fenton reagent has
been applied to treat a variety of wastes such@setassociated with the textile industry,
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chemical manufacturing, refinery and fuel termina&sgine and metal cleaning etc. [7,
15]. The Fenton reagent can also effectively bel deethe destruction of toxic wastes
and non-biodegradable effluents to render them reai@ble for secondary biological
treatment [16]. Moreover, the importance of Fentbemistry has been long recognised
among others in food chemistry and material agEifd

Currently we know that the efficiency of the Fent@action depends mainly on
H,0, concentration, F&H.,0, ratio, pH and reaction time. The initial concetitna of
the pollutant and its character as well as tempegatlso have a substantial influence on
the final efficiency. Moreover, there is wide spteexperience in the practical use of
Fenton reagent for degradation of organic substiatevastewater and other wastes.

More than 110 years after the Fenton reaction vissodered we know that this
oxidation system is based on the formation of ieacbxidizing species able to
efficiently degrade the pollutants of the wastewateeam. The nature of these species is
still under discussion and it has been a subjeatositroversy in the past and recent
Fenton oxidation related literature [18-22]. Twacgton pathways for the first step of
Fenton chemistry have been advanced: a radicaWwpgthwhich considers an OH
radical production and a non-radical pathway caerangdy ferryl ion production [23].

This paper presents a short review on the radizdlnn-radical mechanisms of the
Fenton reaction postulated in literature. The pfmssreaction pathways and various
points of view in this field are also discussed.

Fenton chemistry - the controversies

Radical and non-radical pathways

Although the Fenton reagent has been known for rii@e a century and has been
proven long since as a powerful oxidant, the meisharof the Fenton reaction is still
under intense and controversial discussion [18]e Tadical (OH) and non-radical
mechanism (mainly ferryl ion) of the Fenton reacti@re discussed in literature. Two
years after Fenton’s death the hydroxyl radical maesm was mentioned for the first
time in 1931 by Haber and Willstatter [24] in a papn radical chain mechanisms [25].
They suggested that Oldould be produced by one-electron reduction gdt+by HO,
(today known as a very slow reaction in the absericeatalytic redox cycling metals)
and that OHcould abstract hydrogen from a carbon-hydrogerdkard initiate radical
chain reactions [24]. Following on in 1932 Halaed Weisssuggested OHproduction
by one-electron reduction of ,8, by Fé" [26-28]. According to the classic
interpretation of Haber and Weiss [28], the reacté iron(Il) with hydrogen peroxide
(H20,) in aqueous solution leads to the formation oficald OH and HQ' as active
intermediates in the reactions (1 and 2) descritstdw [18, 29]. However, their paper is
not concerned with oxidation of organic compoundlee reaction (1) is called the
Fenton reaction (or classical Fenton reactionhoaigh Fenton never wrote it [26].

In 1946,BaxendaleEvansand Park [30kuggested that OHrom reaction 1 adds to
carbon double bonds and can thereby initiate anpedisation reaction. The original
mechanism of Haber and Weiss has been subsequendified in 1951 by Barb et al
[31]. The free radical mechanism proposed by Baral §31] consists of the following
steps [29]:
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FE* + H,0, - F€" + OH + OH 1)
OH + H,0; - HO, +H,0 ()
FE"+ HO, - FE'+H + O, (3)
FE* + HO, - FE"+ HO, (4)
Fé'+ OH - Fe*+ OH (5)

It is a chain reaction with step (1) serving asirchaitiation, steps (4) and (5) as
termination and the cycle (1)-(2)-(3) forms the iohahich is the site of @evolution
[29]. More than two decades later Walling [32] mneted further evidence of the
involvement of hydroxyl radicals in the oxidatiohv@rious organic compounds by the
Fenton reagent [18].

According to the theory presented above the chemistated to the use of Fenton
reagent is the chemistry of this radical. Therefdeking into consideration that the
Fenton reaction can also involve several otheronatiof metals (M), the processes
connected with the reactions similar to Fenton tteaanay be characterized as follows
[33]:

(M™ + H,0, - (M™) + OH + OH (6)

For a long time the importance of the Fenton reactn the production of OH
radicals in solution has been a subject of contswd23]. The hydroxyl radical
production by the Fenton reaction has been questitny several studies suggesting that
the reaction between,B, and iron(ll) produces the ferryl ion (FEQan oxidizing
Fe(IV) species), which is then the active intermgglispecies in the Fenton chemistry.
Bray and Gorin (1932) [34] were the first to propason(IV) as the active intermediate
in the Fenton chemistry and they postulated tha(if) and iron(lll) are connected
through equilibrium. Bray and Gorin suggested ta&ctions (7) and (8) but their paper
was not concerned with the oxidation of organicstaiices [23, 26]:

Fe* + H,0, —» FeG* + H,0 (7)
FeT* + H,0;, — FE€* + H,0 + O, (8)

The mechanism for the decomposition of hydrogemxyde by Haber and Weiss
had been also criticised by George [35] and Ab&] [8/ the late 1940s [37].

The aqueous ferryl species [Fe(IViOhas been shown to be a reactive oxidant,
exhibiting both single-electron hydrogen abstrattichemistry and two-electron
oxidation of alcohols to ketones [38]. Accumulateddence shows that the ferryl
species [Fe(IV)OT can be formed under a variety of conditions intigdhose related
to the ferrous ion-hydrogen peroxide system knosvtha Fenton’s reagent [39].

Kremer [29] concluded that it is difficult to acdetne existence of free radical
mechanism because this mechanism either in theufation of Haber and Weiss or in
that of Barb et al, recognizes only’Fand F&" as the forms of iron in the system. In the
free radical mechanism, reaction (2) becomes iifgignt at low [HO,] as a mode of
reaction of OF Hydroxyl radical could then react with#end produce P& (reaction
(9)). As an alternative, Ortould react with F& (reaction (10)):

Fe*+ OH - Fe'+ OH (9)
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Fe* + OH - FeOH" (10)

If this reaction occurred it would be even moreuglale to assume that the pair
Fe** + OH (as products of reaction 1) would not become setpdrat all and the species
FeOH" would appear instead. It can be stated that teeisp FeOFf is merely the
protonated form of Fe®) (FeG* + H' - FeOH") [29].

Fenton reaction in biological systems

All animals need @for efficient production of the energy in mitochisia. This
requirement for @ obscures the fact that it is a toxic mutagenic -gasrobes survive
only because they have evolved antioxidant defendes field of antioxidants and free
radicals is often perceived as focused around 8 af antioxidant supplements to
prevent human disease. In fact, antioxidants aeel fadicals permeate the whole of life,
creating the field of redox biology. Free radical® not all detrimental but not all
antioxidants are beneficial. Life is a balance leetwthe two: antioxidants serve to keep
down the levels of free radicals, permitting thanperform useful biological functions
without too much damage [40].

0,

(electron donor e
heme-containing protein?)

Q=
Fe3* {cy \_H;(SOD}
0; H;0;
FeZ+ (Cu*) | peroxidase
(Fenton reaction) catalase {(RH)

|

OH* + OH- H.0 + O, H,0 +R
or FeOz* ?*
Fig. 1. Schematic representation of the sequenceevehts involved in Fenton reaction [41]

(modified). Initially, electron donors can converygen to superoxide anior® ), which is

rapidly converted to hydrogen peroxide. Hydrogemopiele can further form hydroxyl
radicals (OH) or ferryl ion (Fe®") in the actual Fenton reaction in the presenderobus or
cuprous ions (which are simultaneously oxidizedetoic or cupric ions). SOD - superoxide
dismutase; RH/R - reducing agent in oxidized amtliced form

All aerobes suffer damage when exposed i@@centrations not only higher than
normal, but also even at normaj [@vels. Many scientists believe that Oxicity is due
to excess formation of the superoxide radi€gl . This is the superoxide theory of O

toxicity [40]. Although oxygen is a powerful oxidaihe triplet ground state of dioxygen
constitutes a kinetic barrier for the oxidatiorbaflogical molecules, which are mostly in
the singlet state. However, the unpaired orbitafs dmoxygen can sequentially
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accommodate single electrons to yi€lj , H,O,, the highly reactive OHand water.

Superoxide radical@;, ) dismutates (via spontaneous or enzyme-catalyssttions) to

produce HO, (Fig. 1 [41]). Superoxide radical can also redaod liberate F& from
ferritin or liberate F& from iron-sulphur clusters. Subsequently highlgatéve oxygen
species can be formed via the Fenton reaction [42].

It is also commonly accepted that the oxidizingeiintediates involved in Fenton
reactions cause damage to biomolecules and plagjer mole in the aging process and
a variety of diseases such as cancer [43]. TheoReweaction has been found to be the
key reaction in the oxidation of membrane lipidzidation of amino acids and in the
reactions where biological reduction agents arsgne such as ascorbic acid or thiols.
Its occurrence is also supposed in heart diseasel,as ischemia and reperfusion [33].

The nature of the species responsible for this denmhowever still unclear. Most
studies implicate the highly reactive hydroxyl @i as responsible for the damage
[44-46] and other studies champion the involvenwnhigh valent metal species [47,
48]. The reactions with Fe(lV) have been implicated biological processes and
proposed to be involved in damage to the cellutanmonents. For example, in the case
of F&* chelates with ADPortho-phosphate, or EDTA, the oxidant formed frorsCi
behaves differently than it is expected for ‘Girid it has been proposed to be the ferryl
FeG™*. Caged or bound OHoften denoted as [Fe-®&;]** or [FeOOH[, might also
account for the noted differences [42, 49]. Mangrstists even question the importance
and occurrence of the Fenton reaction in biologeatems due to supposedly low
concentrations of D, and “free iron” in the systems. They also claint tthe high and
indiscriminate reactivity of the hydroxyl radicainits its ability to diffuse and cause
more extensive damage to biomolecules [43].

Competitive kinetic studies have been performeddmpare the reactivity of the
oxidizing intermediates generated in the Fentontiea with authentic OHgenerated by
radiolysis of water or photolysis of ,B, [50]. Rahhal and Richter [51] examined
Fe'(EDTA) oxidation and suggested that an oxidantothen OH was generated in this
system. Rush and Koppenol [52], having studied mbar of chelated iron complexes
using stopped-flow spectrophotometry, concludedt thametallo-oxo species was
generated in neutral solutions, while OMas predominant in acidic solutions of
nonchelated iron. Sutton et al [53] arrived atdpposite conclusion that unchelated iron
generated a metallo-oxo species as the primaryaokidvhile OH was predominant
when chelated iron was present. Several reviewclestiand research papers have
suggested a rationalization for this discrepancwiiich it is argued that under certain
conditions, the metallo-oxo species or ‘Qtdn be generated in both systems. A recent
study, based on the assumption that 5,5-dimetlpgfisline N-oxide (DMPO)-OH
adducts are formed solely from QHhas suggested that there is more than one type of
oxidizing intermediate present, and that the rdiatween the amount of OHand
metallo-oxo species depends on the chelated lif#aid

Yamazaki and Piette [54] are proposed three pasgiathways of the Fenton
reaction. The dominant ones depend very much omahgre of the iron chelator being
used. These three reaction paths comprised produatf hydroxyl radicals, ferryl
species, and nonoxidizing species, respectivBlpusek [55] has reviewed various
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aspects of the participation of Fenton chemistrybiology and medicine. He also
concluded that both hydroxyl radical and ferryl imem be formed under a variety of the
Fenton and Fenton-like reactions.

Fenton reaction in natural waters

In natural waters exposed to solar radiation, readhtermediates are formed which
then take part in photooxidation reactions [33,.4Bhe Fenton reaction is often
perceived as a possible source of @Hsunlight waters [56, 57]. Other sources include
photolysis of nitrate(lll) [58], nitrate(V) [59], etal to ligand-charge-transfer reactions
[60], photoFenton reactions [56] as well as dioxygelependent organic sources [61].
Both H,O, and Fe(ll) are photochemically produced in thesdight waters. HO, is
formed via the disproportionation of the superoxi@ ), produced by the reduction of
oxygen by photoexcited dissolved organic matter NDOThe concentrations of 4@,
and Q™ may be further increased in their production bgrofiora [33]. Fe(ll) on the
other hand is produced by the photoreduction ofiiffehich may be Qassisted. The
process is usually increased by complexation wigharganic ligands such as DOM [62].

While several studies have suggested that ©Hhe oxidizing species involved in
the oxidative processes connected with Fentonioggaither possibilities have not been
ruled out [43]. For example, a study of the redurcidf dissolved iron species by humic
acid has suggested that in addition to theé @idical another oxidant may be involved in
the Fenton reactions in the seawaters at neutral(fbBt7.5) [63]. Studies on the
oxidation of arsenic [64] have indicated that ‘Oid involved in the oxidation of
arsenic(lll) to arsenic(lV), which occurs readily law pH, but that high-valent metal
species may be formed also at high pH, which doesaadily oxidize arsenic(lll). Other
studies [65] suggest that at nanomolar levels ¢fiFde oxidation of Fe(ll) by kKD, in
the seawater predominantly involves the Fé&ptcies at pH 6-8.

Possible mechanisms of the Fenton reaction

Many studies examining the nature of reactive @uij species in the Fenton
reaction have been conducted and many possibleamischs of reaction were presented.
Some of them are presented below. As an exampdesithple free radical pathway
scheme (Fig. 2) can be shown [43, 66] but the mashmaof the Fenton reaction has
been suggested to be more complicated than presémt&igure 2. Since iron has
a variable valency, its oxidation by,®, may occur via a one or two electron transfer
(reactions (11) and (12), respectively):

Fe(ll) + KO, - Fe(lll) + OH + OH (12)
Fe(ll) + KO, - Fe(lV) + 2 OH (12)

Some studies therefore suggest that the class@rabf reaction occurs using only
Fe(ll) as an electron donor to,®Bb. Such would be an outer sphere electron transfer
reaction with no direct bonding interactions betwéwe electron donor and the acceptor,
(Mechanism |, Figure 3). On the other hand, restidies have shown and favored the
inner sphere electron transfer mechanisms, whigbhme direct bonding between the
iron and HO,. This interaction could produce a metal-peroxo glem Fe(ll) HOO
which may react further to generate either "H@dicals (one-electron oxidant) or



Fenton reaction - controversy concerning the chiynis 35&

Fe(IV)O (two electron oxidant), (Mechanism II, Figu3). The key question therefore is
which of these species is the major oxidant inghesctions [43].

Fenton Reaction

Fe(ll) + HoO; ———— = Fe(lll) + HO- + HO®

Haber—\Weiss Reaction (Superoxide Driven Fenton Reaction)

H,O, + Fe(ll) —— = Fe(lll) + HO + HO®

02 Dzo,

Haber—\Weiss Net Reaction

Fe(ll)/Fe(lll)
DQ._ + HQOQ —_— OQ + HO- + HO*

Fig. 2. Basic free radical mechanisms for the Feiated Haber-Weiss reaction [43, 66]

Mechanism | Mechanism Il

Fe(ll) + H,0, ——+—> Fe(ll) OOH + H*
.Bound HO”

Outer sphere

electron transfer electron transfer

Fe(ll) + [H0.]™ Fe(lllO~ + HO* +H*

NS

Fe(ll + HO + HO® «—— Fe(IV)=O + H,0
Ferryl species

i Inner sphere

Fig. 3. Basic reactions and intermediates involiedhe classic Fenton and the metal centered
Fenton reactions [43]

Various pathways have been proposed [19, 29, 67,ir68uding: non-radical
mechanisms, radical mechanisms involving oxygertrednradicals and reactions of
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highvalent metal species (Fig. 4). Due to the irtgooge of Fenton reactions in biological
and environmental systems elucidation of the namirespecies involved in these
reactions has been the subject of many studiesseThiidies have been carried out at
varying pH using both organic and inorganic metahplexes and employing a variety
of free radical techniques of analysis (usuallyiriect).

Fe’* + 20H

T H:0

Fe?* + H,0, [Fe?* - H0,] HO" + FeO*
radical pathway

\4
Fe(OOH)* __ ..

W ., 2Fe+OH

F e‘é,m non-radical pathway

h‘ Fe2* + 0, + H,0

non-radical pathway

Fig. 4. Possible reaction pathways for the Fenéarction in absence of organic substrates [43]

H202 k_1 F82+ + 02 + H20

ki k3 %+
Fe?* + H,0; < [Fe?* - H,0,] FeO2*
Kk H;O A Kk
2

ks

ks
FE3 \ / Fe3+

Y ky
[FeOFe]5?~—> Fe?* + Fe3* + 0, + H,0

2Fe®* + 20H-

H:0;

Fig. 5. Proposed non-radical mechanism for thedfergaction [29]

Kremer [29] proposed a non-radical mechanism ferRlnton reaction (Fig. 5). He
suggested that the reaction starts with the reblerédbrmation of a primary intermediate
{Fe?* [H,0,} from Fe** and HO, (exchange of a 0 molecule in the hydration shell of
F&* ions by HO,). A secondary intermediate F&Gs formed from the primary complex
by the loss of KD. This species is the key intermediate in thetieaclt can react either
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with F&* ions to produce P& (ks) or with H,0, to produce @ (k). FeG* can further
react with F& and form a binuclear species [FeOFéks). This species can react with
H,0, to produce @ (k;) or to decompose back to Fé@nd F&" (ks). Kremer pointed
out that there is an error in the analysis of Batrbl [31], because they assumed a steady
state is attained in [E8 whereas in fact [Fé] goes to zero [1].

More recent studies [64, 69] show that the Fentmentdstry mechanism cannot be
restricted to the mechanism of Barb et al [31] @ithte one of Bray and Gorin [34].
Indeed, these studies postulate the existence attwve intermediate, which should be
a weak acid atk, around 2 providing OHand iron(lll) formation at low pH values or
ferryl ion at high pH values. This hypothesis ekmathe observed OHradical
production for equimolar concentrations of dilutedgents in water and pH values lower
than 2 [64, 69, 70]. Thus, according to the pH ®althe active intermediary is OH
(radical pathway) or the ferryl ion (non-radicatipaay) [23].

Ensing and co-workers [71] demonstrate the spontamdormation of ferryl ion
(FEY0*") in an aqueous solution of iron(ll) and hydrogenop&te by means of first
principles molecular dynamics simulations confirghthe model first proposed by Bray
and Gorin. Their simulations disfavour but do noferout completely the Haber and
Weiss OH radical mechanism (which is, especially in bioctstry, often taken as
synonymous to Fenton chemistry). In the initialpstef the iron catalysed hydrogen
peroxide dissociation, a very short-lived Okhdical and the L-Fe-OH complex
always appears first. This radical has no indepeneeistence as it abstracts a hydrogen
either immediately or in a short transfer via omeveo solvent molecules from a water
ligand to form a dihydroxoiron(lV) complex, or evelirectly from the OH ligand to
form the ferryl ion; in both these cases neutrafizitself to a water molecule. When
other ligands than water molecules are used, ssathelating agents, the radical may
scavenge these ligands.

HOz Oq

OH" + OH- + Fe?,; ?

ﬂ \ Fe(H.0O- )aq2+
Substrate [Fe4+(:OH]2]aq'/

3+ - =
Oxidation? Fe¥sq + OH"+ OH

Substrate
Qxiclation?

Fig. 6. Mechanistic presentation of possible remsiinvolved in the thermal Fenton reaction with
simplified notations used for the various iron céexps [18]
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Bossmann et al [18] studied the degradation ofddykethylaniline (2,4-xylidine) by
means of the HD,/UV method and both Fenton and photochemically eobad Fenton
reactions. The comparison of the reaction prodat®,4-xylidine clearly demonstrated
that HO, photolysis and both Fenton reactions involvededéht reactive intermediates.
While hydroxylated aromatic amines were formed mlyri H,O, photolysis,
2,4-dimethylphenol was the most important interratli in both Fenton and
photochemically enhanced Fenton reactions. The sierad 2,4-dimethylphenol may
only be explained by an electron-transfer mechanigme authors concluded that during

the reaction ofFeij1 with H,O, a cationic iron intermediate possessing an unuwshaige

(most likely the ferryl ionFe;‘;) was formed. Reaction pathways shown in Figurea§ m
be significantly important to understand the me@rarof the Fenton reaction.

Summary

The Fenton reaction generally occurs in chemicdl lzinlogical systems as well as
in the natural environment. The importance of Fenthemistry has been long
recognised among others in food chemistry, mateagging and in environmental
engineering in particular. The nature of the oxitizspecies obtained in Fenton reaction
is still a controversial subject. It is somethingriguing and at the same time fascinating
that a simple reaction (of Feions with HO,), observed by H.J.H. Fenton over one
hundred years ago, proves to be very difficultésatibe and understand. It is a paradox,
that the Fenton reaction is successfully used inremment protection (for example in
wastewater treatment and remediation of groundyvated it is thought to be a factor,
which causes damage to biomolecules and plays armalp in the aging process and
a variety of diseases.

A lot of research was done to determine the natfithe species involved in Fenton
reactions at various systems and conditions sutheasifluence of pH and the presence
of ligands. Some researchers claimed that thetsestithis study clearly show that OH
radical is a major species in the Fenton reactforother group of the scientists have
provided an alternative interpretation of the Fant®action mechanism including
formation of reactive oxidizing iron species suchferryl ion. It is important to notice
that the high valent metal species are generalpvaifable (especially at neutral or
acidic pH) from an independent source. Therefdrés difficult to demonstrate their
involvement in Fenton reactions. The formation rorolvement of the ferryl species in
the Fenton reactions is indirectly deduced frompghesence of species having different
reactivity from that of the hydroxyl radical [49h addition, most of the studies done to
determine the nature of species involved in Featush Fenton-like reactions have been
found to be inconclusive due to the limitationstlireir methodology [43]. Hence it
appears that on the basis of these results iffisudi to clearly conclude which theory is
true.

Considering the fact that Fenton reaction is comnmoohemical, biological, and
environmental systems where conditions may be damrse, it is highly probable that
there is more than one universal Fenton mecharitsia. possible that both hydroxyl
radicals and ferryl ions can coexist in Fenton dsasn (Fenton and Fenton-like
reactions) and depending on the environmental tiondi or operating parameters, one
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of them will predominate. Given the above doubtss idesirable to carry out further
in-depth research either prove the above hypothasiprove that there is only one
mechanism (radical or non-radical) of the Fent@ttien.
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REAKCJA FENTONA - KONTROWERSJE DOTYCZ ACE CHEMIZMU
Instytut Inzynierii Wody i Sciekéw, Politechnika&laska, Gliwice

Abstrakt: Jest cé intrygujacego i jednoczmie fascynujcego w tym ze prosta reakcja (jonéw Fez H0»)
zaobserwowana przez H.J.H. Fentona ponad 110nat jest tak trudna do opisania i petnego zrozuraieni
Jak dotd natura utleniacych czynnikdw powstagych w reakcji Fentona jest przedmiotermagéych
kontrowersji, co mge by ttumaczone faktenze reakcja ta wyspuje powszechnie zaréwno w systemach
chemicznych, jak i biologicznych, a takw srodowisku przyrodniczym. Jest rowniparadoksenze z jednej
strony reakcja Fentona jest z powodzeniem stosowanahroniesrodowiska (np. w oczyszczanigiekéw
czy remediacji wéd gruntowych), a z drugiej strgegt ona czynnikiem powodigym uszkodzenia molekut
biologicznych, a take odgrywa gtéwa role w procesach starzeniagsbraz wielu chorobach. Artykut
przedstawia krétki przegl dotycacy rodnikowego i nierodnikowego mechanizmu reakEgntona
postulowanego w literaturze naukowej, Ziwe drogi przemian chemicznych, a t@kr&ne punkty widzenia
w tym zakresie.

Stowa kluczowe:reakcja Fentona, odczynnik Fentona, chemizm proEesiona, rodnik hydroksylowy, jon
ferrylowy



