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Determination of hexavalent chromium in environmental water using reverse phase HPLC
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Abstract

We investigated a quantitative method of dichromate ion having hexavalent chromium from
environmental water by reverse phase HPLC. Dichromate ion has strong absorption at the maximum
wavelength of 350 nm and is different from Cr°" having the maximum wavelength at 410,575 nm.
Therefore, even if mutual separation of retention times was insufficient, separation could be realized on
the chromatogram without being disturbed by trivalent chromium. The calibration curve shows good
linearity in the range of 0.01 to 10 mM (R? = 0.9999, peak height) , and the recovery test using mineral
water is also satisfactory with a recovery rate of 90.2 to 104.7% (peak area) . As an application example,
when tap water with Cr®" was used as a sample, generation of hexavalent chromium could be monitored

over time.
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Introduction
Chromium (Cr) has various effects and
toxicityk@. For mammals, trivalent chromium (Cr
(Il1)) is associated with glucose metabolism®?,
while hexavalent chromium (Cr(VI)) is known to
induce mutations and carcinogenic activity even at

349 Cr exists mainly in these

low concentrations
two forms (Cr (III) and Cr (VI)) in environment
samples such as river water and biological samples

d°%® . Since the difference in these

such as bloo
forms greatly affects the action, it is considered
that the concentration of Cr is more important by
valence number rather than by total amount.
Especially Cr (VI) compounds are mainly
composed of chromate and dichromate®®, but due
to the seriousness of its toxicity, it is highly
necessary to quantify separately from Cr (IT1)% .

In general, inductively coupled plasma mass
spectrometry (ICP-MS) and atomic absorption
photometry (AAS) are often used to measure the
total amount of Cr. On the other hand, as a
quantitative analysis by valence, there is a report
applying Cr (IT) quantification method” . First,
Cr (II) is quantitatively determined, then
reduction treatment is carried out, and the
increase is regarded as Cr (VI) . However, this
method is complicated, and when the
concentrations of both Cr (III) and Cr (VI) are
largely different, the measurement error becomes
too large and accurate measurement becomes
difficult.

Therefore, we examined the method of
quantitative analysis of Cr (VI) compound using
HPLC in this study. If this method can be used to
establish separation conditions properly, Cr (VI)
compound should be measured directly and
relatively easily. For the HPLC column, we
decided to use a highly versatile reverse phase

system. Since the main compounds of Cr(VI) are

dichromate under acidic conditions, they were

investigated to quantitatively determine them.

Methods

1 . Reagents

For potassium chromate and potassium
dichromate, special grade reagent manufactured
by Wako Pure Chemical Industries (Osaka,
Japan) was used. As a sulfuric acid used as an
eluent, a special grade reagent manufactured by
Wako Pure Chemical Industries was also used.
The water used for reagent preparation and
HPLC analysis was purified by Advantage
(Merck-Millipore, Billerica, MA) to a specific

resistance value of 18 MQ - c¢cm or more.

2 . Apparatus

As the HPLC apparatus, a high-performance
liquid chromatography Prominence system
manufactured by Shimadzu Corporation (Kyoto,
Japan) was used. The system was composed of a
pump unit LC-20AT (used at 1 mL/min) , a low
pressure gradient unit LC-20AD/T, a deaerator
DGU-20A3, a column oven CTO-20AC (40°C), a
photodiode array (PDA) detector SPD-M20A,
and an autosampler SIL-10AF, and controlled by
the system controller CBM-20A and LC
workstation LC Solution Multi-PDA. For the
analytical column, Senshu Pak PEGASIL ODS SP
100 AQ (4.6 @ x 250 mm; Senshu, Tokyo, Japan)
was used.

A spectrophotometer U-5100 (Hitachi, Ibaraki,
Japan) was used for measuring absorption

spectrum and absorbance in the preliminary test.

3 . HPLC separation of chromium compounds
The compounds to be measured in this study
become dichromate ion and chromate ion in water.

These are all anionic substances. For analysis by
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HPLC, the retention behavior on the analytical
column must be varied and time resolvable. In the
preliminary test, the mutual separation was
confirmed by using an anion exchange column
(Senshu Pak SAX-1251-N, 4.6 ¢ x 250 mm) and
a reverse phase column (Senshu Pak PEGASIL
ODS SP 100, 4.6 ¢ x 250 mm) with absorbance
detection®. The reversed phase type column was
more excellent in peak shapes and mutual
separations, and it was considered that changing
the conditions was also easy . Therefore, we used a
reversed phase column in this study, and
examined more detailed detection conditions
below. We also investigated the quantitativeness

of the analytical method determined.

4 . Addition of Cr(lll) to tap water

As an application example of this analysis
method, 0.01 mM Cr®" was added to tap water.
The state that it was oxidized by residual chlorine
(containing about 0.5 ppm of chlorine) and
changed to Cr (VI) was continuously monitored
according to the operation and analysis time of

HPLC autosampler.

Results and Discussion

1 . HPLC conditions

The absorption spectra of Cr®*, chromate and
dichromate are shown in Fig. 1 Since the
absorption maximums of Cr°" and Cr (VI)
compounds are different and the absorbance of
Cr®" is small, it was possible to selectively detect
only two kinds of Cr (VI) compounds by using a
detection wavelength of 350 nm. Based on the
results of the preliminary tests, the peak shape is
good in the reversed phase column, but it is
considered that it is not preferable to add the

organic solvent into the mobile phase because of its

weak retention, so that a 100% water available

column (Senshu Pak PEGASIL ODS SP100 AQ,
4.6 ¢ x 250mm) was used in subsequent
experiments, and the eluent was further
investigated. Although separation of chromate and
dichromate could be realized when sulfuric acid
was used as eluent (Fig. 2), it changed from
chromate to dichromate with pH decrease. In
general it is presumed that preservation of actual
environmental water samples for the purpose of
metal analysis will be carried out under acidic
conditions many times, so the subsequent study

will be conducted only for dichromate.

Fig.1 Spectra of Cr*", chromate and dichromate

! 10 mM Cr3+
& £ £
j c
~ S I
- =1 ~
o < n
o X — 1 et
10 mM Chromate

.35 FVEYLLERORY YRR EYEE

10 mM Dichromate

b, vy 3RV VRV RRGRENG,

Measurement was performed by using with the PDA
detector of HPLC system.
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Fig. 2 Retention time (A) and resolution (B) of
chromate and dichromate

Injection volume: 10 ulL.

2. Quantitative analysis

A calibration curve of dichromate is shown in
Fig.3. At the injection of 10 uL, the peak height
showed good linearity in the range of 0.01-10 mM
and the peak area in the range of 0.03-10 mM (R?
=0.9999 and 0.9998, respectively). Table 1 shows
the results of adding dichromate to mineral water.
The recovery rate was good as 90.2-104.7%
(depending on the peak area). The lower detection
limit was 50 ppb or 5.2 ppb (at sample injection
volume of 10 and 100 uL respectively). Since the
environmental standard in the Ministry of the
Environment is 50 ppb (concentration in soil eluate)
or 500 ppb (wastewater standard) , quantification is
somewhat difficult but it was found to be detected
qualitatively by using with this method without any

problems.

3. Application to real samples
A 0.01 mM Cr*" was added to tap water and
analyzed with the passage of time using the

function of the HPLC autoinjector. Cr (VI)
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Fig.3 Calibration curve of dichromate ( (A) Peak
height method, (B) Peak area method)
Eluent: 0.001 M sulfuric acid. Injection volume: 10 uL.

Table 1 Recovery Test of Dichromate from a Mineral
Water

Cr* 3 Peak height Peak area

(mM) 3 Recovery (%)  CV (%) | Recovery (%)  CV (%)
0.001 i 91.8 1.1 90.2 1.5
0.005 i 98.5 22 97.1 1.9
0.009 i 104.9 2.0 104.7 0.7
0.01 i 88.6 3.8 90.2 9.7
0.05 i 100.2 1.0 102.8 1.3
0.09 i 100.6 0.5 100.4 0.2

Injection volume: 100 pL. N=3.

compounds produced by oxidation by residual
chlorine contained in tap water were monitored.
The results are shown in Fig. 4. Since Cr (VI)
compounds were expected to be trace amount, the
injection volume to HPLC was 100 uL. The
resulting Cr(VI) is below the range of the
calibration curve, so the concentration should be
kept informative. The sample used this time is

approximately neutral, it is acidified only during
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analysis. Therefore, it was considered possible to
measure both chromate and dichromate.
However, in view of retention time, the compound
directly detected was dichromate . From this result
it is difficult to declare that only dichromic acid is
produced in tap water. It was considered that the
change of Cr’" to Cr (VI) compound was easily
observed, which is one outcome.

From the above, it is possible to detect Cr(VI)
compound in the actual sample although it is not
known to details of the form. However, the
problem in this study is that the retention in the
column is weak. For example, simultaneous
analysis with Cr®" and separation from other
coexisting substances is incomplete in more
complicated matrices. In order to solve this
problem, it is considered to connect the columns
used this time in series, to extend the retention
time by using longer columns, or to connect the
columns of the ion exchange and the reversed
phase columns in series, are necessary9> . It will be
a future task to further try these to achieve more
complete separation and apply it to simultaneous
analysis with other components.

Generation of Cr®" was calculated mechanically

by peak area method.
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Fig. 4 Generation of Cr®" from Cr®" in a tap water

An original sample: tap water (0.5 ppm residual chlorine
included) + 0.01 M Cr**. Injection volume: 100 pL.

Conclusion

In order to quantify Cr(VI) compound, HPLC
method using reversed phase column was studied.
Unfortunately, it was considered difficult to
quantify chromate and dichromate separately,
considering  measurement  conditions  and
preservation of samples. This method was
comparatively superior in quantitativity and lower
detection limit, and was quantifiable even at
concentrations below the environmental standard

value of wastewater.

References

1) Kristin R. Di Bona, Sharifa Love, Nicholas R.
Rhodes, DeAna McAdory, Sarmistha Halder
Sinha, Naomi Kern, Julia Kent, Jessyln
Strickland, Austin Wilson, Janis Beaird,
James Ramage, Jane F. Rasco, John B.
Vincent (2011) Chromium is not an Essential
Trace Element for Mammals: effects of a
“low-chromium” diet. J. Biol. Inorg. Chem. ,
16: 381-390.

2) Munehiro Yoshida (2012) Is Chromium an
Essential Trace Element in Human Nutrition?
Jpn. J. Hyg., 67:485-491.

3) Mehdi Karimi, Alireza Badiei, Ghodsi
Mohammadi  Ziarani ~ (2016)  SBA-15
Functionalized with Naphthalene Derivative
for Selective Optical Sensing of Cro 07 in
Water. Anal. Sci., 32:511-516.

4) Masato Sasaki, Tokuo Shimizu, Nobuo
Uehara (2016) Speciation of Chromium (III)
and Chromium (VI) by in situ Extractant
Formation Method and Micto Solvent
Extraction Method with Hydrophilic Organic
Solvent. Bunseki Kagaku, 65: 433-438.

5) Tetsuo Inui, Kazuhiro Fujita, Masaru Kitano,
Toshihiro Nakamura (2010) Determination of

Cr(III) and Cr(VI) at sub-ppb levels in water



14

6)

7)

FOANRAL RS AL AR SE68E

with solid-phase extraction/metal furnace
atomic absorption spectrometry. Anal.
Sci., 26(10): 1093-1098.

Tetsuo Inui, Wataru Abe, Masaru Kitano,
Toshihiro Nakamura (2011) Determination of
Cr(I) and Cr(VI) in Water by
Wavelength-dispersive X-ray Fluorescence
Spectrometry after Preconcentration with an
Jon-exchange Resin Disk. X-Ray Spectrom .,
40: 301-305.

Reena Saxena, Niharika Sharma, Shelja
Tiwari (2015) Chromium Speciation Using
Flow-injection Preconcentration on Xylenol
Orange Functionalized Amberlite XAD-16
and Determination in Industrial Water
Samples by Flame Atomic Absorption
Spectrometry. Anal. Sci., 31: 1303-1308.

8 ) Supachai Maketon, Esther S. Otterson, James

9)

G. Tarter (1986) Ion Chromatography with
Direct and Indirect Spectrophotometric
Detection. J. Chromatogr., 368: 395-400.
Koji Furukawa, Toshiyuki Kawaguchi,
Kiyonobu Kudo, Tomoko Nakazawa, Yuki
Yamada, Ryozo Funasaka, Akio Okumura
(2016) Analytical Method for Bromic Acid in
Drinking Water by LC/MS/MS Using
Multimode Column. Bunseki Kagaku, 65:
587-592.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


