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ABSTRACT

Hexavalent chromium Cr(VI) is a carcinogenic and mutagenic heavy metal. It can be encoun-
tered in various industrial wastewater, the characterization of which and the evaluation of its
removal efficiency require a successful quantification technique. There is no sufficient work in the
literature investigating the time-stability of UV-vis spectra of Cr(VI) solutions. This paper fills a
knowledge gab in Cr(VI) solution/color stability and the applicability of UV-spectrophotometry
in Cr(VI) adsorption studies. The presented experimental results indicate that the absorbance of
Cr(VI) solution at the previously reported maximum wavelength of 371 nm, is not repeatable.
The addition of 1,5-diphanelcarbazide improves the UV-vis spectra and enhances its stability
for spectrophotometric analysis within about 1 h. After that period, the stability decreases with
time. The instability of these spectrophotometric measurements at longer times (i.e., after 1 h) was
not reported in the previous studies or in the ISO standard method for determining the Cr(VI).
This paper also applies this technique for monitoring and evaluating the adsorption treatment of
Cr(VI)-contaminated wastewater (e.g., from electroplating) by solid waste micro-particles from
stone cutting industry. The limestone particles are good adsorbents for the treatment of waste-
waters contaminated with Cr(VI). A percentage removal of about 40% can achieved for adsorbent

dosage of 1 g (particles)/100 ml (solution).
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1. Introduction

Wastewater contaminated with hexavalent chro-
mium, Cr(VI), is characterized as a hazardous waste.
It can be released from electroplating, in which, ionic metal
is coated using a chemical solution of heavy metals such
Cr(VI) and zinc. Cr(VI) contaminated wastewater can also
be released from textile industry, wood preservation, dyes
and pigments, and other aluminum surface treatment.

* Corresponding author.

Wastewater contaminated with Cr(VI) has major impacts
on environment and public health. According to the
World Health Organization (WHO), the designated guide-
line value for chromium is set at 50 ug/L for in drinking
water [1,2], while the allowable limit for Cr(VI) in water
as given by the US environmental protection agency is
0.1 mg/L [3,4]. Low-level exposure of human to Cr(VI) can
cause irritation to the skin and ulceration [5,6]. Whereas,
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long-term exposure leads to kidney and liver damage,
and severely harm circulatory and nerve tissue [6]. When
wastewater is discharged to sea, the Cr(VI) accumulates
in fish tissues and consequently transfers to the human
through food [7-9]. Consequently, treating wastewater
contaminated with Cr(VI) is of high priority for both envi-
ronment and public health. Various treatment technologies
have been used for the removal of Cr(VI) from wastewater.
These include adsorption [10-15], membrane technology
[16,17], ion exchange [18,19], etc. Various types of adsor-
bents have been used for the removal of the two states of
chromium(III and VI). These include kaolin clay [19], rice
husk, silica powder [20], magnetic (FeO,) nanoparticles
[21], activated carbon and carbon nanotubes [20], bio-
char derived from municipal sludge [22], corn stalk [23],
magnetic natural zeolite polymer [24] and sawdust [25].
In other previous work, the focus was on the adsorption
of Cr(Ill) on other types of adsorbents including mineral
particles such as marl and soil particles [26,27] and lime-
stone particles [28]. Additionally, the characteristics of Zn
contaminated wastewater from galvanization industry,
and the technical feasibility of Zn adsorption on magnetic
nano-adsorbent has been also investigated [29].

Several techniques have been reported in the liter-
ature for measuring the hexavalent chromium in water
solutions including atomic absorption spectrometry,
flame atomic absorption spectrometry and colorimetric
method. The colorimetric methods can be used for mea-
suring chromium concentrations in water in the range of
100-1,000 pg/L. The spectrophotometric techniques suffer
from color instability of the Cr(VI) solution with time due
to the variations in Cr(VI) complex structure, which greatly
affects the accuracy of the measurements. To improve the
stability of the Cr(VI) solution, stabilizing reagents such
as 1,5-diphenycarbazide, are commonly added [30]. Most
of the previous studies investigated the stability of the
system within a short time scale (i.e., up to 10 min) after
addition of the stabilizing reagents. However, up to the
knowledge of the authors, the instability of the system after
longer time periods has not been discussed in the litera-
ture. The main goal of the present study is to investigate
the applicability of using the UV-spectrophotometric anal-
ysis for investigating the technical feasibility of adsorbing
Cr(VI) from wastewater on stone cutting powders. Within
this context, the stability of the Cr(VI) solution with and
without the addition of a stabilizing reagent (1,5-dipheny-
carbazide) is studied as a function of time using UV-visible
spectrophotometer.

2. Experimental work and analysis
2.1. Materials

Potassium dichromate (K,Cr,0,) was used as a source
for Cr(VI). 1,5-diphenlcarbazide solution in acetone was
used as a stabilizing reagent. NaOH and HCI were used for
adjusting the pH of the system. All the primary chemicals
used in this study were of analytical grade. For adsorption
experiments, stone cutting limestone particles were col-
lected from local stone cutting plant (Hebron, Palestine)
and used as adsorbent.

2.2. Methods
2.2.1. Preparation of stock solutions

A stock solution of Cr(VI) was prepared by dissolving
K,Cr,O, in NaOH and distilled water. Then, various dilu-
tions were prepared accordingly. The 1,5-diphenycarbazide
solution was prepared by dissolving 250 mg of 1,5-diphenyl-
carbazide (1,5-diphenylcarbohydrazide) in 50 mL acetone.
Then, 2 ml of this solution was added, when required,
to the Cr(VI) solution as a stabilizing reagent.

2.2.2. Spectrophotometric analysis

Several Cr(VI) solutions were prepared by diluting the
stock solution to various concentrations. The absorbance
of the solutions was measured using UV-visible spectro-
photometer (BOECO, Hamburg, Germany). A calibration
curve of Cr(VI) vs absorbance was constructed accordingly.
The maximum wavelengths for the two types of solutions
(with and without a stabilizing reagent) were obtained.

2.2.3. Batch adsorption tests

A known amount of adsorbent (limestone particles)
was added to 100 mL of Cr(VI)-solution in volumetric
flask. The suspension was then stirred for the required
time period using a rotary shaker (EL.MI Intelli-Mixer RM
2L, Latvia). The mixture was then filtered through filter
paper and the concentration of Cr(VI) in the solution was
determined through measuring the absorbance of the sam-
ple using UV-Visible spectrophotometer. All experiments
were conducted at ambient room temperature (~20°C-25°C).

3. Results and discussion

The results are divided into two main sections. In the
first section, the instability of Cr(VI) solutions and the valid-
ity of UV-spectrophotometric analysis is discussed. The
second section deals with the Cr(VI) wastewater treatment
through batch adsorption onto limestone particles.

3.1. Instability of Cr(VI) solution

The UV-visible spectra of the Cr(VI) stock solutions
without adding a stabilizing reagent for solutions with
different Cr(VI) concentrations and at different time inter-
vals after solution preparation are shown in Fig. 1. It can
be seen that the maximum wavelength of the various
solutions occurs at nearly 371 nm, which is in agreement
with reported values in the literature [31]. However, the
absorbance of Cr(VI) solution varied with concentration
and time. A clear shift in the curves towards lower absor-
bance could be observed with decreasing Cr(VI) concentra-
tion (Fig. la). Additionally, the absorbance was observed
to change with time (Fig. 1b). Changes in the maximum
wavelengths and the absorbance (for the same solution)
could be attributed to the variations in Cr(VI) complex
structure [31]. Such a time instability creates complica-
tions in the direct use of UV-spectrophotometry for Cr(VI)
analysis. The observed shifts in the absorbance can be
wrongly interpreted in the adsorption results as being
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Fig. 1. The measured spectra for: (a) various dilutions of Cr(VI) solution (6, 5, 3, 2, and 0.7 mg/L) and (b) for a solution of 6 mg/L
at different times intervals from the time of preparation. All measurements were performed at room temperature, pH = 12

and without adding a reagent.

due to adsorption while it can be resulting from time
instability of the UV-spectrophotometric analysis. These
observations (e.g., Fig. 1b) raise inquiries on the accuracy
of the previous works used such an approach for investi-
gating adsorption on various adsorbent particles without
paying attention to the measurement time and change in
concentration. The impracticality of measuring Cr(VI)
concentration at 371 nm was not mentioned in any of the
previous studies, up to the knowledge of the authors.

For further assessment of the applicability of UV-
spectrophotometry for Cr(VI) analysis, the maximum wave-
length of Cr(VI) solution without reagent was measured
with time as shown in Fig. 2. Noticeable variations in the
maximum wavelength with time can be observed clearly
in Fig. 2; the stability in these measurements could not be
maintained for plain solutions of Cr(VI). On the other hand,
Fig. 3 shows the maximum wavelength of Cr(VI) solution

after adding the stabilizing reagent (1,5-diphenycarba-
zide) with time. When the reagent 1,5-diphenycarbazide
was added to Cr(VI) solutions, the maximum wavelength
of the solution remains fairly constant with time at 540 nm
(Fig. 3). These observations are in agreement with the
reported maximum values [23,24,32].

Furthermore, the stability of the absorbance of the
Cr(VI) solution with time (with and without reagent) is
shown in Fig. 4. Without a stabilizing reagent, the absor-
bance measurements were clearly instable with time over
the whole period of measurements. On the other hand,
with addition of the stabilizing reagent, three time periods
of measurements can be identified. In the first 10 min, the
absorbance changes considerably with time and the mea-
surements were instable. In the second period (10-60 min),
stability in the measurements was achieved as the absor-
bance remained almost constant with time. In the third
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Fig. 2. The measured maximum wave length for Cr(VI) solution with time without adding a reagent for a solution concentration of

6 mg/L at room temperature and pH = 12..
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Fig. 3. The measured maximum wave length for Cr(VI) solution with time with the addition of 1,5-diphenycarbazide reagent for a

solution concentration of 6 mg/L at room temperature and pH = 12.

period (after 1 h of solution preparation), the absorbance
increased with time and the system became instable again
(Fig. 4).

In the previous studies, the absorbance of Cr(VI) solu-
tion was usually measured after 10 min of preparation [30].
This seems to be based on the ISO standard method (ISO
17075:2007(E)) for determination of Cr(VI) content, which
stated that the solution should stand for 15 + 5 min before
measuring the absorbance at 540 nm. Obviously, the reported
method is valid, since a repeatable constant value of absor-
bance (for the same solution) can be obtained when mea-
surements are made after 10 min of preparations. However,
neither of the previous studies, nor the standard method
tested the stability of these measurements after longer times
(i.e., 1 h) and none reported on the behavior of the subse-
quent instability. This can create a technical problem par-
ticularly if the absorbance needs to be measured after 1 h
of preparation as in the case of adsorption experiments.

The instability of the Cr(VI) solution can interfere with the
actual results (i.e.,, percentage removal of pollutant from
wastewater) then wrong conclusions may be drawn. Thus, it
is essential to limit the time period for UV spectrophotomet-
ric analysis of Cr(VI) solutions (using 1,5-diphenycarbazide)
between 10-60 min after adding the reagent. For the case
without using a reagent, no stability could be obtained (Fig.
4). This confirms the importance of analysis of Cr(VI) solu-
tions using 1,5-diphenycarbazide as a stabilizing reagent.

3.2. Effect of pH on the stability of Cr(VI) solutions

In most of the adsorption studies, pH is an important
operating parameter. In some cases, when the adsorbents
are alkaline as in the case of stone cutting particles, the pH
of the wastewater changes after the addition of the particles
due to the partial solubility of lime from the particles [28].
Hence, it is essential to investigate the stability of UV-vis
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Fig. 4. The measured absorbance for Cr(VI) solution (6 mg/L) as functions of time for a plain solution (without a reagent) and for a
solution with a stabilizing reagent. The measurements were performed at the maximum wavelength (~540 nm for the case with a
reagent and 371 nm for the case without a reagent) at room temperature.

spectrophotometric analysis with pH. Fig. 5 shows the
effect of pH on UV-vis spectra of Cr(VI) solution containing
6 mg/L for the case without a stabilizing reagent. It clear
that the spectra of the solutions of Cr(VI) is dependent on
pH: both the maximum wavelength and the absorbance
vary with the pH of the solution. This factor was ignored
in most of the previous adsorption studies, leading to mis-
interpretation of the adsorption results. The effect of pH
on the UV-vis stability of Cr(VI) solutions in the presence
1,5-diphenycarbazide reagent was also investigated in
this study. The pH was first adjusted within the range of
1.6-2.2, since acidic Cr(VI) solution is required in the stan-
dard method [30]. Fig. 6 shows the absorbance of the Cr(VI)
solution as a function of pH at the maximum wavelength.
Although 1,5-diphenycarbazide was used as a stabilizing
reagent, variations in the absorbance values were observed.
This indicates instability in the absorbance measurements
with changing pH of the solution. These observations
indicate that misinterpretation of the adsorption results
can be encountered when the pH of the adsorption vessel
is changing. Thus, the adjustment the pH of Cr(VI) solu-
tion at constant value for all samples is essential for reli-
able analysis. This issue was not highlighted in the previous
adsorption studies [30].

3.3. Adsorption results

The technical feasibility of the treatment of Cr(VI)
wastewater by the adsorption onto stone cutting powders
was investigated. Fig. 7 shows the kinetic adsorption curve
of Cr(VI) solution onto stone cutting particles with an
adsorbent dosage of 1 g/100 mL and with an initial Cr(VI)
concentration of 60 mg/L at pH = 5 and room temperature
(The system was maintained under stagnant conditions,
that is, without stirring). Such a general kinetic behavior
is in agreement with previous work for adsorbing Cr(III)
on the same type of adsorbent (limestone particles) [28].
These results confirm the capability of limestone particles
to adsorb Cr(VI) ions. The obtained final removal efficiency
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Fig. 5. The effect of pH on the measured spectra for Cr(VI) solu-
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Fig. 7. Adsorption kinetic curve for Cr(VI) solution, with an

initial Cr(VI) concentration of 60 mg/L, on stone cutting par-

ticles with a dosage of 1 g/100 mL under static condition
(without stirring), at a room temperature and pH = 5.

was about 40%. Larger efficiency may be obtained through
adjusting experimental parameters, that is, increasing the
adsorbent dosage.

4. Conclusions

The results of spectrophotometric measurements of
Cr(VI) solution without the use of a stabilizing agent are
instable as the absorbance and maximum wavelength of
Cr(VI) solution change with time. Stable measurements
can be attained after addition of 1,5-diphanelcarbazide
to the Cr(VI) solution after 10 min of its preparation.
The stability of the system last for only 1 h, after which
the absorbance of the solution varies with time and the
system becomes instable again. The Cr(VI) can be removed
by adsorption onto limestone particles with a removal effi-
ciency of Cr(VI) from the wastewater of about 40% at the
applied experimental conditions. The removal efficiency
can be significantly improved through adjusting the oper-
ating parameters.

The main conclusion of the current study is that Cr(VI)
solution suffer from instability of UV-spectrophotometric
measurements which can interfere with the actual adsorp-
tion results (i.e., percentage removal of pollutant from
wastewater) leading to wrong conclusions. Therefore,
the addition of a stabilizing agent to the Cr(VI) solu-
tions is essential when UV-spectrophotometric analysis is
applied for reliable measurements. The spectrophotomet-
ric measurements must be performed within 10-60 min
after adding the reagent.
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