This article was downloaded by:

On: 17 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

|| Grisial Reviewsin... | Critical Reviews in Analytical Chemistry

Ana I I ica l Publication details, including instructions for authors and subscription information:

Chemistry

http://www.informaworld.com/smpp/title~content=t713400837

Safe Disposal of Chromium-Rich Waste Materials

Radmila Mila¢i¢; Janez S¢ancar

Online publication date: 18 June 2010

C.H. Lechmiller

Editar-in-Ghisf

Valwme 35 1 fowe 2/ 2005 () T hineen

To cite this Article Mila¢i¢, Radmila and S¢anéar, Janez(2003) 'Safe Disposal of Chromium-Rich Waste Materials', Critical
Reviews in Analytical Chemistry, 33: 2, 69 — 75

To link to this Article: DOI: 10.1080/713609155
URL: http://dx.doi.org/10.1080/713609155

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713400837
http://dx.doi.org/10.1080/713609155
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12:36 17 January 2011

Downl oaded At:

Critical Reviews in Analytical Chemistry, 33(2):69-75 (2003)

Safe Disposal of Chromium-Rich Waste Materials

Radmila Milaci¢ and Janez Scancar

Department of Environmental Sciences, Jozef Stefan Institute, Jamova 39, Ljubljana, Slovenia

ABSTRACT: Speciation analysis plays a crucial role in the investigations of transformation and
mobility of Cr in the environment. In order to investigate the conditions for safe disposal of
chromium-rich waste materials, appropriate speciation techniques regarding specific character-
istics of sample matrix should be applied. Partitioning of Cr between various phases in waste
materials, in soils, and in waste materials mixed with soils give useful data for the assessment of
the environmental hazards. For this purpose, it is necessary to apply long-term experiments and
to study possible oxidation-reduction processes of Cr after disposal of waste to various soils. On
the basis of complex investigations estimation can be done on conditions for safe disposal of

chromium-rich waste materials.

I. INTRODUCTION

In the environment Cr is present in ores
and minerals, volcanic dust, and gases. Cr
chemicals are frequently used in metallurgy,
chemical industry, in leather tanning, and in
wood protection. Cr is frequently present as
a pollutant in the environment. The toxicity
of Cr depends primarily on its chemical form.
Trivalent Cr compounds are much less toxic
than those of hexavalent Cr.!? Under certain
conditions, for example, the presence of
Mn(IV) oxides, Cr(III) could be oxidized in
soil to its toxic hexavalent form.>* At high
alkaline pH’s slow oxidation with dissolved
oxygen in buffered solutions of Cr(Ill) was
also observed.’> The prevailing oxidizing or
reducing conditions in soils influence the
equilibrate concentration of the particular Cr
species.

The easily soluble chemical species of
elements have the greatest influence on the
terrestrial environment and ground water and
are regularly uptaken by plants. Therefore, it
is very important to optimize the procedures
for the determination of total metal content
in the water-soluble soil fraction as well as
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its particular chemical species. In the stud-
ies of the metal impact on terrestrial envi-
ronment, it is also very important to deter-
mine other moderately and sparingly soluble
metal species in soil. Several fractionation
procedures, so-called “operational specia-
tion” applying a number of successive selec-
tive extractions have been developed for that
purpose.’?

In the present work the most important
parameters that should be investigated in
order to ensure safe conditions for disposal
of some chromium-rich waste materials are
represented.

Il. THE ROLE OF SPECIATION IN
THE INVESTIGATIONS OF
TRANSFORMATION AND MOBILITY
OF CR IN THE ENVIRONMENT

Speciation plays a crucial role in the
investigations of transformation and mobil-
ity of Cr in the environment. In order to
obtain reliable analytical data, it is very im-
portant to study the influence of sample
matrix on speciation of Cr in soil samples
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and chromium-rich waste materials. Several
analytical techniques were investigated in
our group to develop reliable methods for
the determination of Cr(VI) in various ma-
trices.®%1> Among them ion-pairing reversed
phase HPLC-ETAAS was found to be a sen-
sitive (LOD 0.3 ng cm™ of Cr(VI)) and the
appropriate procedure for the determination
of Cr(VI) in most of natural soils.® Extrac-
tion of Cr(VI)-HCI complex (HCr0,C1) into
methylisobutyl ketone (MIBK) at 277 K,
followed by determination of Cr in the or-
ganic phase by FAAS, was suitable for the
determination of trace amounts of Cr(VI) in
the large excess of Cr(Ill) in samples of
waste materials,!? waste-amended soils'? and
leather.'> LOD for the technique in real
samples was found to be 5.0 ng cm™ of
Cr(VI). Anion-exchange fast protein liquid
chromatography (FPLC) - ETAAS enabled
simultaneous separation of Cr(VI) from some
negatively charged Cr(III) complexes
(EDTA, oxalate) and from Cr3* species. The
technique was applied in the investigations
of uptake and transformation of various Cr
species in plants,'' in determinations of
Cr(VD) in soil extracts and in the investiga-
tion of oxidation-reduction processes of Cr
in lime-treated and sawdust-amended sew-
age sludge.’ LOD in real samples was
1.5 ng cm™ of Cr(VI).

The choice of the technique employed in
the determination of Cr(VI) in various
samples depends on its concentration and on
sample matrix.

Fractionation procedures based on
Tessier’s sequential extraction scheme were
found to be suitable for study of the parti-
tioning of Cr in natural soils,'* waste mate-
rials,'0-13-15 and waste-amended soils.!? This
scheme was particularly applicable to highly
alkaline samples,!¢ since it reflects the real
solubility of metals in the easily soluble frac-
tions. The widely used BCR scheme was
appropriate to the acidic samples and samples
close to neutral pH.%!” This scheme was not
applicable to highly alkaline samples, due to
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the tremendous change in the pH of sample
(use of 0.11 mol dm™ acetic acid for estima-
tion of the easily soluble metal fraction).'®

lll. FRACTIONATION AND
OXIDATION OF CR IN TANNERY
WASTE AND SEWAGE SLUDGE-
AMENDED SOILS

Cr(III) salts are used frequently as tan-
ning agents in the leather industry, and it
would be very difficult to replace them by
other tanning agents for the time being. Tan-
nery waste, rich in Cr(IIl), is under environ-
mental scrutiny due to its high chromium
content (25 to 35 mg g'). When tannery
waste is disposed of on land, the risk of
potential oxidation of some Cr(IIl) species
to toxic Cr(VI) exists in the presence of
Mn(IV) oxides. The investigation was per-
formed on oxidation-reduction processes of
Cr in tannery waste and sewage sludge-
amended soils (clay, sandy and peat soil).
The addition of waste material to soil was in
the amount that covered the requirement for
nitrogen in one season. The experiment was
carried out for 2 years under atmospheric
conditions. To study the oxidation-reduction
processes of Cr in soils amended with waste
materials, Cr(VI) was determined in the
water-soluble soil fraction. For the estima-
tion of the environmental hazards, partition-
ing of Cr was also performed by applying
modified Tessier’s sequential extraction pro-
cedure.!?

The results of fractionation studies in
tannery waste amended sand and clay soils
(Figure 1) indicated two orders of magni-
tude enhancement of Cr in the water-soluble
and exchangeable fractions in the first 5
months after the waste application. In peat
soil this increase was moderate. After a
5-month period water-soluble and exchange-
able chromium were partially eluted from
topsoil with rainwaters. A part of the Cr was
redistributed into the less soluble soil frac-
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FIGURE 1. Partitioning of Cr in natural soils (I) and tannery waste amended soils (Il — after 5 months, Il —
after 2 years). A — sand soil, B — clay soil, C — peat soil. The total concentration of Cr in natural soils ranged

from 65 to 85 mg kg™ and in tannery waste-amended soils from 1700 to 2300 mg kg™'.
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tions, which was responsible for its decrease
in the water-soluble and exchangeable frac-
tions (see data of fractionation study after 2
years). In sand and clay tannery waste-
amended soils the prevailing fraction of Cr
was bound to Fe and Mn oxides and hydrox-
ides, while in peat soil Cr was distributed
predominantly between organic, hydroxy-
lamine hydrochloride extractable and min-
eral fractions. The oxidation of Cr(IIl) to
Cr(VI) was found to be a slow process (Fig-
ure 2). The increase in Cr(VI) concentration
was observed in the first 5 months after the
tannery waste application followed by the
decrease in the second period of the experi-
ment. The degree of Cr oxidation was found
to be proportional to the concentration of
Mn(IV) oxides and water-soluble Cr in soils,
but it also depended on the reducing capac-
ity of the soil. Thus, the oxidation of Cr was
found to be negligible in peat soil (high con-
tent of organic matter, high reducing capac-
ity of peat soil). Reasonable amounts of tan-
nery waste could be safely applied on such
soils. Care should be taken with other soil
types, because those low in organic matter
and high in Mn(IV) oxides are able to oxi-
dize Cr. Rates of application should be small
and concentration of soluble Cr(VI) should
be monitored in the top soil a few months
after the application to prevent the potential
contamination of ground water.

Data of fractionation of Cr in sewage
sludge-amended soils indicated that Cr in the
water-soluble and exchangeable fractions was
only slightly increased in the first 5 months
after sludge application. In the continuation
of the experiment, a decrease of Cr concen-
trations in these fractions to almost the natu-
ral level in soils was observed. Due to the
reducing characteristics of sewage sludge and
low concentrations of total water-soluble Cr,
the processes of oxidation of Cr(IIT) was not
observed in sewage sludge-amended soils.
Regarding Cr content, sewage sludge could
be disposed on land without a hazardous ef-
fects on the terrestrial environment as far as
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total Cr is concerned and the rate of sludge
application covers only the requirement for
nitrogen in one season.

IV. OXIDATION-REDUCTION
PROCESSES OF CR IN LIME-
TREATED AND SAWDUST
AMENDED LIME-TREATED
SEWAGE SLUDGE

Tradtionally, liming has been used for
abiotic remediation to increase the alkalinity
and hence in general reduce the mobility of
heavy metals. Sewage sludge containing
pathogenic microorganisms was amended
with quicklime (CaO) for disinfection and
with sawdust for post-stabilization prior to
disposal or reuse in the environment. The
amount of quicklime added to the sludge or
sludge mixed with sawdust was selected
according to the criterion of raising the pH
above 12. The mobility of Cr and other heavy
metals in the sewage sludge and its mixtures
with quicklime and sawdust by applying a
modified Tessier’s sequential extraction pro-
cedure was investigated.'® The possible oxi-
dation-reduction processes of Cr in highly
alkaline lime-treated sludge samples were
investigated in the time span of 6 months by
determination of Cr(VI) in sludge extracts
using anion-exchange FPLC-ETAAS pro-
cedure.’> On the basis of the experimental
data, an estimation was made whether lime
treatment is environmentally acceptable for
safe sludge disposal.

Data from the fractionation study (Fig-
ure 3) indicate that liming slightly decreased
the total water-soluble Cr in dewatered and
sawdust amended sludge 48 h and 3 months
after the start of the experiment, but has no
influence on the redistribution of Cr to other
sludge phases. On the contrary liming sig-
nificantly increased solubility of Ni and Cu
and cannot be recommended for sludge sta-
bilization if these two metals are present at
elevated concentrations in the sludge.!®
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FIGURE 2. Variation of total water-soluble (KH,PO,, 0.015 mol dm=®) Cr and Cr(VI) with time in various tannery
waste-amended soils.
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FIGURE 3. Partitioning of Cr in the dewatered sludge (l), lime-treated sludge (ll), sludge mixed with sawdust
(1) and in the lime-treated sludge mixed with sawdust (IV) 48 h and 3 months after the start of the experiment.
The total concentration of Cr in the dewatered sludge was 945 mg kg, in lime-treated sludge 695 mg kg*,
in sludge mixed with sawdust 375 mg kg, and in the lime-treated sludge mixed with sawdust 343 mg kg'.
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An analysis of Cr(VI) in untreated and
lime-treated sludge indicated that in aque-
ous extracts of dewatered and sawdust
amended sewage sludge Cr(VI) was not de-
tected. In aqueous extracts of lime-treated
and sawdust amended lime-treated sewage
sludge Cr(VI) was determined 48 h after
liming (Figure 4). Despite the highly reduc-
ing characteristics of the sewage sludge, lim-
ing caused oxidation of Cr(IIl) to Cr(VI) at
pH 12, probably through the action of
MnOOH, and dissolved oxygen. The
amount of Cr(VI) in lime-treated sludge
slightly increased and after 3 months was
almost constant (very low concentrations,
about 300 ng g~! Cr(VI)). During the course
of the experiment no significant changes in
pH of these sludge samples was observed.
The concentration of Cr(VI) in the lime-
treated sludge amended with sawdust in-
creased in the first 3 weeks elapsed after
lime treatment to about 300 ng g~!, and ap-
preciably decreased after one month to a
concentration of about 50 ng g! Cr(VI). In
the latter sludge samples a decrease of pH
from 12.0 at the start of the experiment to
9.6 after 6 months was observed. The de-
crease in pH the and reduction of Cr(VI) to
Cr(IlT) was presumably caused by the re-
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lease of organic acids from decaying saw-
dust.

Taking into consideration possible envi-
ronmental hazards and in particular forma-
tion of Cr(VI) at high pH, liming cannot be
recommended for sludge disinfection prior
its disposal on land. On the other hand, a
beneficial effect was observed on sludge sta-
bilization when sludge was amended with
sawdust.

CONCLUSIONS

In order to ensure the safe disposal of
chromium-rich waste materials complex
long-term experiments need to be performed.
Redistribution of Cr to easily and sparingly
soluble soil fractions after the waste disposal
should be followed. Cr(VI) must be moni-
tored in the water-soluble fraction, applying
appropriate and reliable analytical techniques.
On the basis of the investigations presented,
it was concluded that sewage sludge could
be disposed on land without hazardous ef-
fects on the terrestrial environment concern-
ing Cr concentration if the rate of sludge
application covers the requirement for nitro-
gen in one season. The disposal of tannery

—0

0 T T T

0 20 40 60 80

T

T T T T 1

100 120 140 160 180

Time elapsed after quicklime treatment (days)

FIGURE 4. Variation of Cr(VI) concentrations (dry mass basis) with time elapsed after quicklime treatment in
extracts of sludge samples treated with 5% of quicklime (bold curve) and sludge samples amended with
sawdust and treated with 5% of quicklime (normal curve). Cr(VI) was determined by the FPLC-ETAAS

technique.
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waste to soils high in Mn(IV) oxides and
low in organic matter may provoke oxida-
tion of Cr(III) to its hazardous hexavalent
form. Rates of application should be small
and Cr(VI) should be monitored in the top
soil to prevent pollution of groundwater. Rea-
sonable amounts of tannery waste could be
safely applied on soils low in Mn(IV) oxides
and high in organic matter. Liming cannot
be recommended for sewage sludge disin-
fection prior to its disposal on land due to
possible environmental hazards caused by
formation of Cr(VI) at high pH. Beneficial
effects for sludge stabilization were observed
when sludge was amended with sawdust.
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