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INTRODUCTION

Hexavalent chromium {Cr(VI)} compounds, which 
include chromium acid, sodium dichromate, and potas-
sium dichromate, are major soil contaminants (for a 
review see, Ministry of Environment, 2012).  Cr(VI) 
compounds are used as raw materials for pigments, abra-
sives, oxidizing agents, plating and metal surface treat-
ments, leather tanning, and so on (for a review see, 
Fujiwara, 2002).  Once Cr(VI) is released into the envi-
ronment from factories, it may cause surface and ground 
water contamination and soil contamination.  There have 
been many reports of soil and groundwater contamina-
tion due to Cr(VI) emission, including reports describing 
Cr(VI) emission from tanning factories in India and other 
South Asian countries (for reviews see, Debajyoti et. al., 
2015 and Shams et. al., 2009).  

Cr(VI) has been shown to damage the kidneys, liver 
and central nervous system, and to cause a range of con-
ditions including dermatitis and nasal septum perfora-
tion (for a review see, Paul et. al., 2002).  The carcino-
genicity of hexavalent chromium has also been pointed 
out (for a review see, Jones, 1990).  

For these reasons, Cr(VI) was designated as a speci-
fied hazardous substance in the Soil Contamination 
Countermeasures Act, Government of Japan on 29 May 
2002.  The elution test (for a review see, Ministry of the 
Environment 1991 and Ministry of the Environment 
2003a) and content test (for a review see, Ministry of the 

Environment 2003b) are commonly used to investigate 
the contamination of soil with Cr(VI).  

Various methods, including diphenylcarbazide 
absorptiometry, frame atomic absorption method, induc-
tively coupled plasma (ICP) emission spectroscopy, and 
liquid chromatography–ICP mass spectrometry, are gen-
erally used to detect Cr (VI) (for reviews see, Japanese 
Standard Association, 2016, Lesniewska et. al., 2019, 
Shigeta et. al., 2018 and Tatsumi et. al. 2013).  

On the other hand, as soil contamination is not uni-
form, it is necessary to analyze a large number of sam-
ples in order to identify contaminated areas.  If a method 
were available for easy analysis of soil samples on-site, 
Cr(VI) contamination could be detected more efficiently.

In this study, we examined an analytical method that 
combines diphenylcarbazide absorptiometry, which has 
the advantages of simplicity and speed, and a detection 
method using a portable spectrophotometer with good 
portability, and investigated its validity.

MATERIALS AND METHODS

Soil 
The soil samples used in these experiments were 

collected in Toyama city, Toyama prefecture.  The col-
lected soils were sealed and stored at room temperature 
away from direct sunlight.  After air–drying, small and 
medium–sized gravel, wood chips, etc.  were removed, 
and then the soils were passed through a 2 mm mesh 
sieve before use in the tests.  

Reagents 
A standard stock solution was prepared by dissolv-

ing potassium chromate (K2CrO4; Wako Chemical 
Industry, Osaka, Japan) in distilled water.  Standard 
solutions were then prepared by appropriately diluting 
this standard stock solution.  Commercial pretreatment 
reagents (Cr6+–RB; Kyoritsu Chemical–Check Lab., 
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Corp., Tokyo, Japan) were used for soil pretreatment 
and commercial analytical kits (WAK–Cr6+; Kyoritsu 
Chemical–Check Lab., Corp.) were used for coloring by 
the diphenylcarbazide method.

Carbonate–bicarbonate buffer solution (0.01 mol/L) 
was prepared by mixing sodium carbonate (Wako 
Chemical Industry) and sodium hydrogen carbonate 
(Wako Chemical Industry).  This solution was used to 
extract Cr(VI) from soil.

Apparatus 
A portable spectrophotometer (Spectroquant Move 

100; Merck KGaA, Darmstadt, Germany) was used to 
detect the Cr(VI) colored with diphenylcarbazide.  A 
tabletop spectrophotometer (ASV11D; AS ONE Corp., 
Osaka, Japan) was used to check the accuracy of the 
portable spectrophotometer.  The absorbance was meas-
ured at a measurement wavelength of 530 nm for both 
devices.

Recovery test 
A batch experiment was conducted with polyethyl-

ene bottles.  The soil sample was weighed (the dry 
weight was estimated from moisture content), and then 
50 μg of Cr(VI) was added and the soil was air–dried.  
Next, 50 mL of carbonate–bicarbonate buffer solution 
was added to the soil and Cr(VI) was extracted by shak-
ing for 2 hours using a rotary shaker (200 rpm).  After 
extraction, 3.0 mL of the extract solution was collected 
and centrifuged, and the supernatants were filtrated.  A 
1.5 mL aliquot of the filtrated sample was supplemented 
with commercial pretreatment reagent and then the rea-
gent from commercial analytical kits.  The absorbance 
was measured at a measurement wavelength of 530 nm 
and the amount of recovery was calculated from the dif-
ference between the samples supplemented with Cr(VI) 
and those without Cr(VI).

RESULTS and DISCUSSION

Reaction time
Figure 1 shows the relationship between the reac-

tion time and the absorbance using a chromium standard 
solution.  The absorbance at a reaction time of 2 minutes 
was 0.296, suggesting that the reaction had not pro-

gressed sufficiently.  On the other hand, when the reac-
tion time was 4 minutes or more, the absorbance was in 
the range of 0.366 to 0.371.  Therefore, we concluded 
that the reaction time in these experiments was 4 min-
utes.  

Calibration curve and variability
Figure 2 shows the results of portable spectrophoto-

metric measurements of the absorbance of the Cr(VI) 
standard solution in the concentration range of 0.03125 
mg/L to 0.50 mg/L.  Good linearity was observed between 
the Cr (VI) concentration and absorbance, at least 
within this concentration range.  These measurements 
were repeated on another day (Fig. 2), and similar line-
arity between the Cr (VI) concentration and absorbance 
in this concentration range was observed.  The slope of 
the calibration curve for the first measurement was 
1.13–fold greater than the slope for the second measure-
ment.  These results suggested that the slight tilt fluctu-
ations could be corrected by measuring the concentra-
tion and absorbance of the standard solution and blank 
sample on each measurement day.

Reproducibility 
In order to examine the reproducibility of this 

method, a Cr(VI) standard solution at a concentration of 
0.03125 mg/L was analyzed 5 times using a portable 
spectrophotometer and tabletop spectrophotometer, 
respectively.  Then, the average absorbance, standard 
deviation, and relative standard deviation (RSD) of each 
data were calculated.  These results are shown in Table 
1.  The RSD from the repeated measurements of the low 
concentration (0.03125 mg/L) standard solution was 
12%, and this was not different from the RSD from the 
measurements using the desktop–type spectrophotome-
ter.  Similarly, a chromium standard solution having a 
concentration of 0.25 mg/L was also measured.  These 
results are also shown in Table 1.  The RSD from the 
analysis of the Cr(VI) standard solution at a concentra-
tion of 0.25 mg/L was 6.7% for the portable spectropho-
tometer and 2.6% for the desktop spectrophotometer.  
The variability using the desktop–type spectrophotome-
ter was smaller than that using the portable–type spec-
trophotometer, but the variability using the portable-
type device was also acceptable for the analysis.  When 

　Fig. 1.  Results of the reaction time study
                 The results are expressed as the mean of duplicate data.

Fig. 2.  Daily variation of the calibration curve.
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measuring low–concentration solutions, the variability 
tended to be greater than when measuring high–concen-
tration solutions.  When analyzing low–concentration 
samples, the RSD is generally large due to the influence 
of the background.  However, in this case the variation 
was relatively small and the analysis could be performed 
accurately.

Recovery and determination limit
Table 2 shows the recovery rate obtained by recov-

ery test.  The average recovery of Cr (VI) from soil was 
92.5±2.3%, this recovery rate was considered satisfac-
tory and the variability was found to be small.  The 
results indicated that Cr(VI) can be extracted by 
0.01 mol/L carbonate–bicarbonate buffer solution and 
can be detected using packed reagents, at least in the 
soil samples tested here.  However, there are many types 
of soil in the world, so many types of soil should be 
tested in the near future.  

Assuming that the lower limit of quantification is 10 
times the absorbance measurement result of soil samples 
not contaminated with chromium, the determination 
limit was estimated to be about 30 μg/g–soil.  

Soil contamination is often unevenly distributed in 
portions of contaminated areas, so many samples need 
to be analyzed to find contaminated sites.  Therefore, 
being able to analyze on–site at low cost is useful for 
identifying contaminated sites.  In addition, the ability to 

analyze soil samples at low cost using a portable device 
would be of great benefit in developing countries.

To establish a system that can realize these goals, we 
tested an analytical method combining a portable spec-
trophotometer and commercially available packed rea-
gent, and showed that it easily measured Cr(VI) in soil.  
Based on the results of the reproducibility, the recovery 
rate test and the daily variability, the validity of the anal-
ysis method was confirmed.  This method can be applied 
for the identification of Cr(VI) contamination in soil.
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