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Abstract 

Chromium contamination in the area of the Radomka river basin in Poland has lead to significant 
environmental problems. Therefore, chromium redox transformations were investigated in the aquatic envi-
ronment under conditions as close to natural as possible - at intermediate pH and in the presence of original 
bottom sediment and dissolved oxygen. 

Reduction of Cr(VI) in the Radomka river water occurs at a low rate (t1/2 = 19 h). The rate of Cr(VI) 
reduction increased in the river water spiked by HA (t1/2 = 0.5 h), and Fe(II) (t1/2 = 2 min). The kinetics of 
Cr(VI) reduction by Fe(II) was dependent on the evolution of the forms of Cr(VI) and the competing Fe(II) 
oxidation reaction by dissolved oxygen. The reduction of Cr(VI) by humic acids appeared to be a significant-
ly slower process than Fe(II) oxidation by O2. 

Chromium(III) present in the tanning liquor used and the aged solution of chromium sulphate was less 
prone to oxidation by MnO2 than Cr(III) introduced with chromium nitrate and sulphate solutions (7% and 
10% conversion over 1 h in comparison with 55% and 32%, respectively). Chromium deposits in bottom 
sediment turned out to be resistant to oxidation by MnO2. 
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Introduction 

Chromium(VI) is a thermodynamically stable form in 
aerobic systems while chromium(III) is a stable form in 
anaerobic systems. The fact that both Cr forms are often 
found in aerobic and anaerobic environments is due to 
the slow kinetics of Cr(VI)/Cr(III) redox reactions [1]. 
Thus, chromium speciation in the environment may re-
flect the kinetics of its redox transformations and not the 
equilibrium state. Dramatic differences have been noted 
in mobility, uptake and toxicity of both chromium oxida- 
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tion states. The results of such studies have been dis-
cussed in a number of reviews [1, 2, 3, 4, 5, 6]. Fe(II) and 
organic compounds, including humic and fulvic acids, oc-
curring in the aquatic environment, are main reductants 
of Cr(VI) while Mn(III,IV) oxides are main oxidants of 
Cr(III) in natural systems [3, 4]. Other naturally-occur-
ring constituents may also participate in chromium redox 
processes and can significantly affect their rate [2]. 

Chromium(VI) reduction by iron(II) has recently 
been studied by Buerge and Hug [7]. In a weakly acidic 
environment the reaction products are hydroxy com- 



 

 

plexes Fe(OH)2
+ and Cr(OH)2

+ while mixed hydroxide 
with the empirical formula Fe0,25Cr0,75(OH)3 is the 
product in neutral or weakly basic environments. 
Reduction rate constants increase with pH - increasing 
from 1.9 M-1s-1 at pH 4.4 to 1700 M-1s-1  at pH 7.2. 

In natural systems an incomplete reduction of Cr(VI) 
caused by a parallel reaction of Fe(II) with dissolved oxy-
gen can occur [8]. However, Eary and Rai [9] have ob-
served that the oxidation of Fe(II) by Cr(VI) takes place 
even in well-aerated solutions at high pH. Buerge and 
Hug [7] have reported that in a homogeneous system at 
pH 4 - 8 the oxidation of Fe(II) by Cr(VI) is over 103 

faster than the oxidation by dissolved oxygen. Fendorf 
and Li [10] also believe that at pH < 8 micromolar con-
centrations of Cr(VI) will oxidize Fe(II) faster than dis-
solved oxygen. 

The reduction of chromium(VI) by dissolved organic 
compounds at pH 4 - 8 is a slow process in a time scale of 
days at micromolar concentrations and up to months at 
nanomolar concentrations [11, 12]. However, the synerg-
istic properties of Fe(II) with organic compounds can 
enhance Cr(VI) reduction. Organic compounds can in-
fluence Cr(VI) reduction by Fe(II) by enhanced weather-
ing of Fe-bearing minerals and by Fe(II) complexation 
[13, 14]. Buerge and Hug [14] have shown that the pres-
ence of carboxylates and phenolates can lead to greatly 
accelerated reduction of Cr(VI) by Fe(II) and to the for-
mation of complexed soluble Cr(III). 

Humic and fulvic acids are organic compounds pres-
ent in the aquatic environment, which can play an im-
portant role as they can act as a significant reservoir of 
electron donors for Cr(VI) reduction. Wittbrodt and 
Palmer [12] have reported that the rate of Cr(VI) reduc-
tion in the presence of excess fulvic acids decreases in 
time due to depletion of chromium and decreasing reac-
tivity of the fulvic acids being oxidized. The rate of 
Cr(VI) reduction (kobs) determined was 4.27 • 10-7 M-1s-1. In 
another paper Wittbrodt and Palmer [13] suggest for the 
redox couple Fe(II)/Fe(III) the role of an electron 
transfer catalyst for the reduction of Cr(VI) by humic 
acids. 

The problem of the effect of solid phase on Cr(VI) 
reduction by Fe(II) has been comprehensively inves-
tigated by Buerge and Hug [15]. The reactivity of the 
minerals studied decreases in the order of α-FeOOH 
= λ-FeOOH »montmorillonite > kaolinite = SiO2 per 
unit of surface area. However, the differences are rela-
tively small, the respective second order rate coefficients 
are of the same order of magnitude 2 - 8 • 103 M-1s-1. 

The effect of the solid phase surface on the rate of 
Cr(VI) reduction by organic compounds has recently 
been studied by Deng and Stone [16, 17], who examined 
Cr(VI) reduction by α-hydroxyl and α-carbonyl car-
boxylic acids and their esters, dicarboxylic acids and sub-
stituted phenols in the presence of TiO2, FeOOH and γ-
Al2O3. The adsorbed chromium(VI) undergoes reduction. 
The adsorption of organic reductants is not a factor 
limiting the rate of reduction, although it competes with 
Cr(VI) adsorption. The half-lives of the heterogeneous 
systems studied ranged from tens to hundreds of hours, 
whereas in homogeneous systems no measurable de-
crease of Cr(VI) concentration was found even after 400 
days. 

In the aquatic environment, both dissolved oxygen 
and Mn(III,IV) oxides may oxidize Cr(III). However, 
Cr(III) oxidation by dissolved oxygen is sufficiently slow 
to be negligible [3]. As a result, Cr(III) oxidation by 
Mn(IV) oxides is thought to control chromium speci-
ation. 

In acidic environments (pH < 5), the reaction between 
Cr(III) and β-MnO2 is described by the equation 
[18,19]: 

CrOH2++ l,5 β-MnO2 = HCrO4 + l,5Mn2+ 

The confirmation of this stoichiometry by a parallel 
analysis of the contents of Mn(II) and Cr(VI) has been 
given by Fendorf and Zasoski [19]. A change in 
stoichiometry occurs at higher pH (6.3 - 10.1): 

CrOH2+ + 3β-MnO2 + H2O = HcrO4 + 
3MnOOH + 3H+ 

According to that equation only dissolved Cr(III) 
undergoes oxidation. Ferndorf and Zasoski [19] have cal-
culated that AG of the reaction of solid Cr(OH)3 with 
MnO2 at pH > 3 has positive values. 

The oxidation of Cr(III) by MnO2 is characterized by 
a fast initial stage and subsequent slower rate [8, 18, 19]. 
Eary and Rai [18] suspect that this is caused by a reduc-
tion in the number of active spots on the surface of β-
MnO2 due to insufficient rate of Cr(VI) desorption. In 
contrast Fendorf and Zasoski [19] explain that this phe-
nomenon is caused by the formation of multinuclear 
Cr(III) complexes and subsequent surface precipitation 
of Cr(III) hydroxide. 

Chromium(III) oxidation in natural waters has been 
studied by Schroeder and Lee [8]. Chromium adsorption 
on MnO2 as well as adsorption of other water constitu-
ents reduced the Cr(III) oxidation rate by 35% in filtered 
lake water when compared to that in distilled water. 
Saleh et al. [20] found that Cr(OH)3 was oxidized by β-
MnO2 more readily in rainwater and hardwater than in 
natural water. Chromium(III) in natural waters had 
a half-life of 9 years, while in rainwater its t1/2 = 
2 - 3  years. The process was slowed down further in the 
presence of suspensions of river bottom sediments and 
soils. 

This work describes redox chromium transformations 
in river water contaminated with tannery effluents. The 
oxidation rates of anthropogenic Cr(III) by MnO2 and 
the reduction of Cr(VI) by Fe(II) and humic acids were 
assessed, with care to maintain realistic environmental 
conditions. The aim of the study was to facilitate fore-
casting the fate of chromium discharged into the environ-
ment by tanneries located in the Radomka River basin. 
Earlier field studies made it possible to determine the 
occurrence and speciation of anthropogenic chromium 
[21]. Chromium forms which can be extracted with hy-
droxyamine hydrochloride solution and acidified hydro-
gen peroxide solution predominate in sediments. The 
presence of soluble organic complexes of Cr(III) and 
Cr(VI) (extraction with sodium pyrophosphate solution 
and NaOH solution, respectively) was also detected. 
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Experimental Procedures 

Reagents and Materials 

Analytical-grade reagents were used throughout. 
Chromium nitrate, Cr(NO3)3 (POCH Gliwice, Poland), 
chromium sulphate, Cr2(SO4)3 (Reachim, SU) and po-
tassium dichromate, K2Cr2O7 (POCH Gliwice, Poland) 
were used as sources of Cr(III) and Cr(VI), respectively. 
The stock solutions (1 mg/cm3) of chromium(III), chro-
mium(VI), sodium humate salt, (HA, Sigma-Aldrich), 
Mohr's salt, Fe(NH4)2(SO4)2 (POCH Gliwice, Poland), 
were prepared in ~ 18 MΩ • cm water. Manganese(IV) 
oxide, activated 5 micron, ca. 85% (Sigma-Aldrich) was 
used as an oxidizing agent. Diphenylcarbazide (Reachim 
SU), phosphoric acid 85% (POCH Gliwice Poland), and 
ethanol were used for Cr(VI) determination by the spec-
trophotometric method. 

Filtered Radomka River water (pH - 7.6, COD - 38 
mg/dm3, ammonia - 7.8 mg/dm3, nitrate - 4.6 mg/dm3, 
sulphate - 75 mg/dm3, phosphate - 4.8 mg/dm3, iron - 80 
µg/dm3, chromium - 2 µg/dm3) and air-dried and sieved 
Radomka River bottom sediment containing: Cr - 40.4 
mg/kg, Fe -1460 mg/kg, Mn - 21.5 mg/kg, Zn - 32 mg/kg, 
Ca - 358 mg/kg, Mg - 103 mg/kg, were used in the experi-
ments. 

Procedures 

The kinetic studies were carried out in a system simi-
lar to the one described by Patric et al. [22]. After placing 
in the system 100 cm3 river water, 30 g air-dried sediment 
and eventually de-aeration by sparging with N2, the mix-
ture was conditioned at fixed pH for 18 h. In the study of 
reduction, after setting Cr(VI) concentration at 0.5 
mg/dm3 by means of potassium dichromate solution, 0.05 
cm3 of solution Mohr's salt (p = 1 mg/cm3 Fe(II)) or 
1 cm3 and 0.25 cm3 HA solution (p = 1 mg/cm3). Also, 
the control tests of Cr(VI) reduction without the addition 
of any Fe(II) or HA were performed. The studies of 
Cr(III) oxidation were also carried out in river water and 
distilled water without bottom river sediments. After 
adding a measured amount of MnO2 (25 or 10 mg) the 

suspension was mixed for 2 h, and then measured 
amounts of chromium(III) nitrate solution (0.05 cm3) or 
used tanning liquor or fresh or aged (boiled for 2 h) 
solution of chromium sulphate (0.05 cm3) were added, 
depending on the type of investigation. Required pH was 
maintained by automatic addition of 0.01 M HNO3 or 
0.01 M NaOH from a pH-stat-controlled burette. The 
experiments were carried out at 20° ± 0.1°C in the dark. 
Two cm3 samples were periodically withdrawn with a syr-
inge and filtered through a Millex-HV13 unit with pore 
size of 0.4 µm (Millipore). The concentration of Cr(VI) 
was determined immediately after sampling by using the 
spectrophotometric method with diphenylcarbazide de-
scribed by Fendorf and Zasoski [19]. 

Results and Discussion 

Reduction of Chromium(VI) by Fe(II) 

The study of Cr(VI) reduction was performed under 
conditions similar to those found in natural aquatic envi-
ronments. Reactant (HA, Fe(II)) concentrations were 
maintained at a level commonly found in surface waters 
in the presence of oxygen and the original bottom sedi-
ment, with pH near neutral. This complexity may change 
Cr(VI) reduction relative to that predicted in model kin-
etic studies [7, 10, 15]. 

A rapid drop in Cr(VI) concentration was observed 
under anaerobic conditions at pH 7.2 - over 80% of 
Cr(VI) underwent reduction within several minutes. In 
the presence of oxygen, the degree of reduction was -
10% lower due to competing oxidation of Fe(II) by dis-
solved oxygen. At pH 8.8 the reduction of Cr(VI) pro-
ceeded much more slowly, and was markedly affected by 
oxygen (Fig. 1). 

Cr(VI) reduction by Fe(II) is described using the sec-
ond-order kinetic equation [7, 15]. A sufficiently good fit 
of experimental results was obtained at pH 8.8 (Fig. 2). 
The second-order rate coefficients kobs determined in this 
way for experiments conducted at pH 7.2 should be 
treated only as estimated values because the reduction 
rate is too high. All the second-order rate coefficients are 
given in Table 1. Cr(VI) reduction rate constants at pH 
7.2 both in anaerobic environments and in aerated sol- 

  

 

Fig. 1. Chromium(VI) reduction by Fe(II) in aerated (O2) and 
deaerated (N2) river water; [Cr(VI)]0 = 0.5 mg/dm3; added 
[Fe(II)] = 1.5 mg/dm3; pH 7.2 and 8.8; t = 20°C. 

Fig. 2. Linearized second—order plots of l/[Cr(VI)] vs time, 
[Cr(VI)]0 = 9.6 • 10-6 mole/dm3; aerated (empty symbols) and 
deaerated (filled symbols) river water; pH = 8.8; t = 20°C. 
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utions appeared to be of the same order as the rate coef-
ficient of Cr(VI) reduction by Fe(II) determined for 
model conditions - 1.7 • 103 mole-1 • dm3 • s-1 (distilled 
water, de-aerated homogeneous system, stoichiometric 
amounts of reactants) [7]. 

The respective kobs values in model heterogeneous sys-
tems (FeOOH, SiO2) at pH 4.9 are in the range of 
2 - 8 • 103 mole-1 • dm3 • s-1 [15]. The results from this 
study are also comparable to the kinetic data on Cr(VI) 
reduction by Fe(II) in an aerated model system described 
by Schroeder and Lee [8], with a t1/2 = 1.5 min at pH 7.1 
and a tic = 6 min at pH 7.5. Minor differences in the rate 
of Cr(VI) reduction at pH 7.2 in the presence or absence 
of dissolved oxygen indicates oxygen's minimal effect on 
this process. Cr(VI) reduction slows down significantly in 
the presence of oxygen at pH 8.8, with a t1/2 = 290 min 
due to increased competition by dissolved oxygen for 
Fe(II). At pH 8.8 the Cr(VI) reduction proceeds at a rate 
over 10 times more slowly even in the absence of dissol-
ved oxygen. Such a significant decrease in the rate of 
Cr(VI) reduction may have been caused by a change in 
Cr(VI) forms present in the heterogeneous system 
studied: water - sediment grains coated by hydrous ferric 
oxide. 

The extent of chromium(VI) adsorption in the pres-
ence of a suspension of hydrous ferric oxide has been 
determined using surface complexation modeling. The 
following surface reactions were considered: 

≡FeOH2
+ = ≡FeOH° + H+ pK1

int = 7.29 
≡FeOH° = FeO- + H+ pK2

int = 8.93 
≡FeOH° + H+ + CrO4

2- = ≡FeCrCO4
- + H2O 

pK3
int = 10.67 

Model calculations assumed the following: ionic 
strength µ = 0.01 mole/dm3 and coulombic correction 
factor logP = -1.85, -0.84 and 0.65 at pH = 6, 7.2, and 
8.8, respectively; the numerical values for intrinsic con-
stants and coulombic correction factors were taken from 

Table 2. Chromium( VI) speciation in the presence of suspension 
of hydrous ferric oxide. 

Morel and Hering [23]. The calculations apply to an 
idealized system in which iron(III) oxides are the only 
adsorbents, adsorption is reversible and there are no 
competing sorption processes. The calculation results are 
given in Table 2. 

Surface complexation modeling indicates that at pH 6, 
Cr(VI) is present primarily in the adsorbed form as 
≡FeCrO4

- while at pH 7.2 the sorption decreases to 
72.4%, and the amount of the dissolved chromates in-
creases to: CrO4

2- - 24.0% and HCrO4
- - 3.6%. When pH 

reaches 8.8, nearly all chromium(VI) is in solution. 
The pronounced change in the content of adsorbed 

Cr(VI) occurring when pH changes from 7.2 to 8.8 can-
not be ignored when considering the reasons for a de-
crease in the rate of Cr(VI) reduction. 

Chromium(VI) Reduction in the Presence of Humic 
Acids 

The results of chromium(VI) reduction by humic 
acids is described in Fig. 3. In river water spiked with HA 
the reduction proceeded in two steps, with an initial fast 
step and a slow sustained process. The kinetics of the 
slow step of reduction was similar to the kinetics of 
Cr(VI) reduction in river water (control test). The kinetic 
plots for Cr(VI) reduction in water spiked with humic 
acids remained almost parallel. This behaviour suggests 
that a fast initial decrease in Cr(VI) concentration 
caused by oxidation of the most reactive HA groups is 
followed by oxidation of groups exhibiting similar rates of 
reaction with Cr(VI). Thus, in this reaction HA should 
be treated as a finite set of functional organic groups that 
react at different rates. Such a possibility was earlier sug-
gested by Wittbrodt and Palmer [12]. The dependence of 
the rate of reduction on the initial concentration of the 
reductant is reflected in the lack of a sufficient excess of 
HA in relation to Cr(VI). In the systems studied HA 
concentrations were specifically selected to match the 
contents commonly found in surface waters [24]. Taking 
into account the average molecular mass Aldrich HA 
14-20 kD [25], at an unknown number of reducible 
groups per 1 molecule of HA, the amount of Aldrich HA 
used could not constitute a sufficient excess to establish 

Table 1. Second-order rate coefficients of Cr(VI) reduction by 
Fe(II) in river water. 

Fig. 3. Chromium(VI) reduction in river water spiked with HA, 
(added [HA] are in the figure); [Cr(VI)]0 = 0.5 mg/dm3; 
pH = 7.2; t = 20°C. 
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Table 3. Kinetic parameters of Cr(VI) reduction by HA in river water. 
 

 

pseudo-zeroth-order conditions with respect to HA con-
centration, especially when considering the groups par-
ticipating in the initial fast step. 

The little known structure of humic acids allows only 
for empirical approach to the kinetic equation of Cr(VI) 
reduction by HA. The equation for the second-order kin-
etics was used, obtaining good fit of experimental data 
for the slow step of reduction (Fig. 4). Rate constants 
(kobs) and their corresponding half-lives are presented in 
Table 3. 

 
Fig. 4. Linearized second—order plots of l/[Cr(VI) vs time; 
[Cr(VI)]0 = 9.6 • 10-6 mole/dm3; pH = 7.2; t = 20°C; added [HA] 
are in the figure. 

Because of the low degree of reaction and fast Cr(VI) 
reduction in the initial step, the quantities found are ap-
proximate for the slow step and only tentative for the fast 
step. Under experimental conditions Cr(VI) reduction by 
HA was characterized in the initial phase by the rates 
that were more than an order of magnitude higher than 
those in the slow step. 

All the values appear to be much higher than those 
quoted by Wittbrodt and Palmer [13], who studied 
Cr(VI) reduction by HA in a homogeneous system using 
an excess (100-fold w/w) of HA. The authors determined 
t1/2 of about 50 h at pH 2 and nearly 5 months at pH 6. 
Cr(VI) reduction was accelerated in the presence of 
Fe(III). The 2 µM concentration of Fe(III) was enough 
to shorten t1/2 to less than 17 h. In this study Cr(VI) 
reduction by HA was carried out in a system with solid 
phase - river bottom sediment containing over 1 g/kg Fe. 
In a control sample without Cr(VI) the presence of 10 
mg/dm3 HA increased the aqueous Fe concentration by 
1 mg/dm3 Hence, it is probable that Fe oxides in bottom 

sediment are a source of a much more reactive reducing 
agent, such as Fe(II) or its complexes with HA [26, 27]. 
This increased Fe(II) concentration may explain the sud-
den decrease in Cr(VI) concentration in the initial step 
of Cr(VI) reduction. Thus, it is possible that Fe(II) re-
leased while conditioning the river water - bottom sedi-
ment - HA system reduced the added Cr(VI) at a con-
siderable rate. 

Oxidation of Chromium(III) 

No measurable amounts of Cr(VI) were detected 
after 60 min. in a control experiment (river water + bot-
tom sediment + MnO2). The anthropogenic chromium 
present in the bottom sediment turned out to be resistant 
to the oxidative behaviour of MnO2. Under those condi-
tions Cr(III) added to the river waters was oxidized by 
MnO2. Courses of Cr(III) oxidation were similar. The 
initial fast step was followed in a relatively short time 
(15-30 min) by complete inhibition of the oxidation pro-
cess. The initial rate of Cr(III) oxidation and conversion 
degree were affected considerably by aqueous and solid 
composition (Fig. 5). The highest degree of Cr(III) trans-
formation to Cr(VI) was found in distilled water (92%); 
a lower degree in river water (74%) probably resulted 
from partial blocking of the MnO2 surface due to adsorp-
tion of water constituents. Sorption of Cr(III) species on 
the surface sediment further decreased the oxidationate 
up to 55% in the system containing bottom sediment. 
System pH also influenced the kinetics of chromium(III) 

Fig. 5. Chromium(III) oxidation by MnO2 in distilled water 
(DW), river water (RW), river water containing bottom sediment 
(RW + RS); [Cr(III)]o = 0.5 mg/dm3; [MnO2] = 250 mg/dm3; 
pH = 6.9; t = 20°C. 
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Fig. 6. Chromium(III) oxidation by MnO2 in river water contain-
ing bottom sediment, at various pH 6.9, 8.0, 9.0; [Cr(III)]0 = 0.5 
mg/dm3; [MnO2] = 250 mg/dm3 and 100 mg/dm3; t = 20°C. 

oxidation by MnO2 in the presence of sediment (Fig. 6). 
Net oxidation over 60 minutes decreased from 55% at 
pH 6.9 to 15% at pH 9.0. The decrease in conversion 
with increasing pH may be associated with conversion of 
dissolved Cr(III) species into hydroxides, which are more 
difficult to oxidize. The transformation of Cr(III) to 
Cr(VI) is also dependent on MnO2 content; lowering the 
content of the oxidizing agent from 250 mg/dm3 to 100 
mg/dm3 at pH 6.9 resulted in a decrease of conversion to 
29%. 

The most easily oxidizable chromium compound was 
Cr(NO3)3 (55% conversion over 1 hr). Chromium intro-
duced as freshly prepared Cr2(SO4)3 solution was oxi-
dized 32% over the same period. Chromium from used 
tanning liquor and in aged Cr2(SO4)3 solution was the 
most difficult to oxidize (Fig. 7). The fact that chromium 
contained in used tanning liquor was oxidized to a some-
what larger extent than the one in aged Cr2(SO4)3 prob-
ably results from the presence of not only 
sulphato-Cr(III) and oligomeric-Cr(III) species but also 
soluble, at intermediate pH, organic chromium com-
plexes [28, 29, 30, 31]. 

Fig. 7. Oxidizability of varies Cr(III) forms by MnO2 in the river 
water containing bottom sediment; [Cr(III)]0 = 0.5 mg/dm3; 
[MnOJ = 250 mg/dm3; pH = 6.9; t = 20°C. 

Conclusions 

The aim of this study was to facilitate forecasting the 
fate of chromium discharged into the environment by the 
tanning industry located in the Radomka River basin in 
Poland. Cr(VI) may be present in the polluted environ-
ment only in low concentrations originating from impuri-
ties of mineral tanning agents and as a result of Cr(III) 
oxidation. The results indicate potential instability of 
chromium(VI) in the environment studied. Cr(VI) 
undergoes a reduction at a low rate (t1/2 = 19 h) in the 
Radomka River water. This natural Cr(VI) reduction 
process to some extent participated in the reduction ob-
served in river water spiked by HA and Fe(II); however, 
Cr(VI) reduction by HA may be ignored due to a con-
siderable half-time of this reduction. 

An increase in the HA content increases the rate, par-
ticularly in the initial step (t1/2 = 0.5 h). It is highly prob-
able that also in this case the Fe(III)/Fe(II) redox couple 
appears to act as an electron transfer catalyst for the 
reduction of Cr(VI) [13]. Micromolar concentrations of 
Fe(II) significantly speed up the reduction of Cr(VI) (t1/2 
= 2 min). In a weakly alkaline environment the rate of 
Cr(VI) reduction decreases due to competing oxidation 
of Fe(II) by dissolved oxygen (t1/2 = 5 h) and a change in 
Cr(VI) speciation. 

The rate constants determined are appropriate only 
for the conditions in the investigated environmental sys-
tem. However, such an approach is useful when deter-
mining the interrelation between various chromium spe-
cies in the environment. 

The appearance of MnO2 in river water polluted by 
chromium(III) may result in its oxidation to chro-
mium (VI). Chromium present in used tanning liquor is 
less oxidizable by MnO2 than Cr(III) in solutions of chro-
mium nitrates and sulphates. Also, a change in pH to-
wards alkaline decreases the rate of Cr(III) to Cr(VI) 
transformation. Chromium deposits in bottom sediment 
are resistant to the oxidative action of MnO2 under those 
conditions. Thus, the speciation and solid-phase par-
titioning of Cr(III) must be considered to accurately de-
termine chromium redox chemistry. 

Acknowledgements 

This research was supported by a grant from KBN 
6P04G03409 and in part by project from Technical Uni-
versity in Radom. 

The author is grateful to Prof. Jan R. Dojlido for his 
helpful comments and suggestions and thanks Pawel Re-
liga for his co-operation in laboratory work. 

References 

1. HUG S. J, BUERGE I. J., WEIDLER P. G. Transform 
ations of chromium in the environment. Analysis Magazine 
25,12, 1997. 

2. BARTLETT R. J., JAMES B. R. Mobility and bioavailability 
of chromium in soils. In: NRIAGU J. O, NIEBOER E. 
(Ed.). Chromium in the natural and human environments, 
John Wiley & Sons: New York, pp. 267-304, 1988. 

Świetlik R.446 



 

 

3. RAI D., EARY L. E., ZACHARA J. M. Environmental 
chemistry of chromium. Sci. Total. Environ. 86, 15, 1989. 

4. RICHARD F. C, BOURG A. C. M. Aqueous geochemistry 
of chromium: a review. Wat. Res. 25, 807, 1991. 

5. SWIETLIK R. Utlenianie chromu(III) w warunkach srodo- 
wiskowych (Oxidation of chromium(III) in environmental 
conditions). Chem. Inz. Ekol. 7, 655, 2000. 

6. SWIETLIK R. Mozliwosci redukcji chromu(VI) w warun 
kach   srodowiskowych   (Possibilities   reduction   of   chro- 
mium(VI) in the environment). Wiad. Chem. (in press) 

7. BUERGE I. J., HUG S. J. Kinetics and pH dependence of 
chromium(VI) reduction by iron(II). Environ. Sci. Technol. 
31, 1426, 1997. 

8. SCHROEDER D. C, LEE G. F. Potential transformations 
of chromium in natural waters. Water, Air, and Soil Pollut. 
4, 355, 1975. 

9. EARY L. E., RAI D. Kinetics of chromate by ferrous ions 
derived from hematite and biotite at 25°C. Am. J. Sci. 289, 
180, 1989. 

 

10. FENDORF S. E, LI G. Kinetics of chromate reduction by 
ferrous iron. Environ. Sci. Technol. 30, 1614, 1996. 

11. JOHNSON C. A., SIGG L., LINDAUER U. The chromium 
cycle in a seasonally anoxic lake. Limnol. Oceanogr. 37, 315, 
1992. 

12. WITTBRODT P. R, PALMER C. D. Reduction of Cr(VI) 
in the presence of excess soil fulvic acid. Environ. Sci. Tech 
nol. 29, 255, 1995. 

13. WITTBRODT P. R, PALMER C. D. Effect of tempera 
ture, ionic strength, background electrolytes, and Fe(III) on 
the reduction of hexavalent chromium by soil humic substan 
ces. Environ. Sci. Technol. 30, 2470, 1996. 

14. BUERGE I. J., HUG S. J. Influence of organic ligands on 
chromium(VI) reduction by iron(II). Environ. Sci. Technol. 
32, 2092, 1998. 

15. BUERGE I. B., HUG S. J. Influence of mineral surfaces on 
chromium(VI) reduction by iron(II). Environ. Sci. Technol. 
33, 4285, 1999. 

16. DENG B., STONE A. T. Surface-catalyzed chromium(VI) 
reduction: reactivity comparison of different organic reduc- 
tants and different oxide surfaces. Environ. Sci. Technol. 30, 
2484, 1996. 

17. DENG B., STONE A. T. Surface-catalyzed chromium(VI) 
reduction: the TiO2-Cr(VI)-mandelic acid system. Environ. 
Sci. Technol. 30, 463, 1996. 

18. EARY L. E, RAI D. Kinetics of chromium(III) oxidation to 
chromium(VI) by reaction with manganese dioxide. Environ. 
Sci. Technol. 21, 1187, 1987. 

 

19. FENDORF S. E., ZASOSKI R. J. Chromium(III) oxidation 
by d-MnO2. 1. Characterization. Environ. Sci. Technol. 26, 
79, 1992. 

20. SALEH  F.   Y.,   PARKERTON  T.  F,   LEWIS  R.   V, 
HUANG J. H., DICKSON K. L. Kinetics of chromium 
transformations in the environment. The Science of the To 
tal Environment 86, 25, 1989. 

21. SWIETLIK R., TROJANOWSKA M., DOJLIDO J. Spec- 
jacja   antropogenicznego   chromu   w   zanieczyszczonych 
osadach   dennych   rzeki   Radomki   (Speciation   of   an 
thropogenic chromium in polluted sediments in the Ra- 
domka River).  In:  JANOSZ-RAJCZYK M.  (ed.)  Mik- 
rozanieczyszczenia w Srodowisku Czlowieka, Wydawnictwo 
Politechniki  Czestochowskiej,   Czestochowa,  pp  355-359, 
1999. 

22. PATRICK W. H., WILLIAMS B. G., MORAGHAN J. T. 
A simple system for controling redox potential and pH in 
soil suspensions. Soil Sci. Soc. Amer. Proc. 37, 331, 1973. 

23. MOREL F. M. M., HERING J. G. Principles and Applica 
tions of Aquatic Chemistry. John Wiley & Sons, New York, 
pp 509-553, 1993. 

24. DOJLIDO J. R., BEST G. A. Chemistry of Water and Water 
Pollution, Ellis Horwood, London, pp 261-267, 1995. 

25. AVENA M. J., KOOPAL L. K. Kinetics of humic acid ad 
sorption at solid-water interfaces. Environ. Sci. Technol. 33, 
2739, 1999. 

26. VOELKER B. M., MOREL F. M. M., SULZBERGER B. 
Iron redox cycling in surface waters: effects of humic sub 
stances and light. Environ. Sci. Technol. 31, 1004, 1997. 

27. ANDERSON L. D., KENT D. B., DAVIS J. A. Batch ex 
periment  characterizing  the   reduction   of  Cr(VI)   using 
suboxic material from a mildly reducing sand and gravel 
aquifer. Environ. Sci. Technol. 28, 178, 1994. 

28. WALSH A. R., O'HALLORAN J. Chromium Speciation in 
Tannery Effluent-I. An Assessment of Techniques and the 
Role of Organic Cr(III) Complexes. Wat. Res. 30(10), 2393, 
1996. 

29. WALSH A. R., O'HALLORAN J. Chromium Speciation in 
Tannery Effluent-II. Speciation in the Effluent and in Re 
ceiving Estuary. Wat. Res. 30(10), 2401, 1996. 

30. DONMEZ  L.  A.   H.,   KALLENBERGER  W.   E.   Soil 
Leachate Determination of Hexavalent Chromium. JALCA 
84,110, 1989. 

31. STEIN K., SCHWEDT G. Speciation of chromium in the 
Waste from a Tannery. Fresenius J. Anal. Chem. 350, 38, 
1994. 

Kinetic Study of Redox ... 447


