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Introduction
As a result of the development of U.S. Pharmacopoeia (USP) Method 
<643>, which replaces the oxidizable substances test, there is a need to 
analyze purified water using a total organic carbon (TOC) analyzer for 
calibration and verification using two standards. The two standards are 
referred to as a Standard Solution and a System Suitability Standard. 
Current USP guidelines require that the unit compare a 500-ppb C 
Sucrose Standard Solution with a 500-ppb C (carbon) 1,4-benzoquinone 
(p-benzoquinone) System Suitability Standard. Reagent water (RW) is 
also analyzed as a standard.

By USP guidelines, the range of acceptable recovery of the System 
Suitability Standard is 85–115%. Failure to achieve this percentage of 
recovery requires repeating the calibration or adjusting the method to 
oxidize the p-benzoquinone more effectively. USP guidelines also require 
the preparation of stock solutions at 10 ppm for both standards and that 
500-ppb C standards are made from these stocks. This experimental
method discusses the preparation and analysis of these standards.

An OI Analytical Aurora 1030W TOC Analyzer (Figure 1) was used to 
perform the experiment. The Aurora 1030W enables analysis of SST by 
NPOC only, TICNPOC, and TOC by subtraction modes.

Figure 1.  Aurora 1030W TOC Analyzer



For this experiment, NPOC internal was chosen since it uses two steps to calibrate for total organic carbon (TOC).

1. A set amount of sample and phosphoric acid is added to the digestion vessel, the temperature is set, and the 
sample undergoes sparging by a carrier gas to remove all total inorganic carbon (TIC), which is swept to the 
outside. 

2. A preset amount of sodium persulfate is added to the reaction vessel, the temperature is raised for the reaction 
to occur, and the carrier gas is started after the react time. This sparge allows the carbon dioxide to be swept to 
the NDIR (nondispersive infrared detector) where it is converted to a signal.

The resulting mass of carbon in the carbon dioxide is proportional to the mass of carbon present as TOC in the 
sample and reported at the proper concentration.

Experiment
The system suitability test (SST) evaluates the TOC analyzer’s capability to oxidize one easy component and one 
more difficult component. The test analyzes sucrose and p-benzoquinone, the latter considered more difficult. A 
feature of the Aurora 1030W allows the operator to create a method with the necessary calibration data and easily 
adjust the operating parameters to optimize the efficiency of the reaction process. This feature also allows for 
setting up a sequence with an SST method built into the system to test both compounds. See Figure 2.

Figure 2.  Editor method calibration screen (left) and editor sequence SST test screen (right)

As a result, calibration and analysis is easily setup without creating multiple sequences to test the unit’s capability, 
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minimizing system operator effort (Figure 3).

Figure 3.  Editor Sequence screen (left) and SST active sequence (right)

Response efficiency is measured and recorded. Again, USP requires the efficiency be 85–115 percent.

Calibration
The TOC analyzer was calibrated using a 4-point calibration curve according to the method in Figure 4. The 
standards were RW, 100 ppb C KHP, 500 ppb C KHP, and 1 ppm C KHP. Running to 1 ppm is necessary to bracket 
the 500 ppb C standard for analysis. The results are provided in Figure 5.

Figure 4.  Method Parameters
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Figure 5.  Calibration Results

The response factor for the Aurora 1030W was 0.1520 μg C/k-cnt, and the coefficient of correlation was 0.9996. 
Once within acceptable limits, the system is ready for sample analysis.

After completion of the calibration sequence, the curve must be validated using the check standard principle as 
described previously. The same three standards were run using the check standard defaults found in the Sample 
Type of the Editor -> Sequence tab.

It is important to note the RW or offset is used to subtract the background of the instrument from the check standard 
automatically. By selecting “subtract RW”, the value of the water will be taken into account. By selecting “subtract 
offset”, the linear regression as it passes through the y-axis is taken into account. For the examples in this 
experiment, “subtract offset” was used, which is the default configuration on the Aurora 1030. USP 643 allows a 
maximum concentration of 0.25 ppm C in RW. Results are displayed in Table 1.

Standard Solution
Prepare a 10-ppm C sucrose stock solution by weighing 24 mg of sucrose (dried at 105 °C for 2 hours); weighing 
paper is suggested because the dried sucrose is less likely to adhere to weighing paper than to weigh boats. The 
42.1% carbon sucrose is added to a 1-L volumetric flask containing 500–750 mL of low-TOC water. Swirl the 
mixture until the sucrose is completely dissolved. When no particles remain visible, fill the flask to the 1-L mark 
with low-TOC water.

To prepare the 500-ppb C standard, remove 50 mL from the 10-ppm C stock solution with a volumetric pipette and 
place in a 1-L volumetric flask. Add low TOC water to the 500–750 mL level and swirl to mix. Complete 
preparation of the standard by adding low-TOC water to the 1-L mark on the flask and mixing again. 

Prepare a 1-ppm C standard by transferring 100 mL from the 500-ppb C standard to a 1-L volumetric flask and fill 
with low-TOC water to the 1-L mark on the flask.

Table 1.  Check Standards results

Chkstd ppm %RSD ppm Error Recovery

0.1 0.095 3.07 0.0029 95.00%
0.5 0.498 0.65 0.0032 99.60%
1 0.994 0.59 0.0059 99.40%
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System Solubility Standard
Prepare the 10-ppm C stock solution of p-benzoquinone (66.7%) carbon by weighing 15 mg of undried 
p-benzoquinone on a weigh boat and rinse with low-TOC water into a 1-L volumetric flask. Add low-TOC water
up to the 500–750 mL level and allow the p-benzoquinone to completely dissolve. When no more particles are
visible, add low TOC water to fill the flask to the 1-L mark.

To prepare the 500-ppb C standard, remove 50 mL from the 10-ppm C stock solution with a volumetric pipette and 
place in a 1-L volumetric flask. Add low TOC water to the 500–750 mL level and swirl to mix. Complete 
preparation of the standard by adding low TOC water to the 1-L mark on the flask and mix again.

Similar to a check standard as described above, the 1030W automatically calculates the SST by analyzing the RW, 
p-benzoquinone, and sucrose as samples and then subtracts the RW from each standard to calculate the percent
response efficiency using Equation 1:

(1)

Results
Once the standards are made, the Aurora 1030W runs the System Suitability Test. Data is reported in Table 3.

As shown in Table 3, the system properly oxidized the sample within the percent error as prescribed in USP 643.

To demonstrate the stability of the instrument, the SST was setup for seven consecutive days from the same stock 
standard, including the data from the previous table. In addition vials of ultra pure water (UPW) were made from 
the same water source to show stability of the instrument at low levels over the course of time. All vials (both water 
and system suitability standards) not used within the first day were stored at 4 °C until later use. Each day a 
sequence was run of an initial DI water vial for cleanup, the SST standards, and a series of ten UPW vials picked at 
random. The vials were brought to room temperature before use and then sampled in triplicate per vial. The results 
are shown in the Table 3.

Table 2.  Check Standards results

Reagent Water 0.018 ppm
Benzoquinone 0.538 ppm

Sucrose 0.531 ppm
% Error 101.36%

E PercentResponseEfficiency( ) Rss p-benzoquinone( ) RW–( )
Rs sucrose( ) RW–( )

------------------------------------------------------------------------ 100×=
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As shown in Table 3, all SST runs for the 7 days fell within the passing criteria of 85-115% set by USP <643>, with 
the greatest divergence at 4% of the true 100%. These data demonstrate that the instrument exhibits solid stability 
during the 7-day time frame.

Because the water was obtained from a faucet and capped by hand as opposed to retrieval by on-line sampling, a 
potential for carbon contamination exists. Resulting vial-to-vial variations are therefore inherent to the sampling 
process. However, it can be concluded that low background carbon levels were consistently obtained. To further 
demonstrate that consistent low background carbon levels were obtained, the error from replicate to replicate is 
shown in Table 4 after breaking the RSDs into an actual amount of ppm error. Due to the volume of data, only 
results from 3 days are provided.

Table 3.  SST Days 1-7

Nov. 9 Nov. 10 Nov. 11 Nov. 12 Nov. 13 Nov. 14 Nov. 15

DI Water 0.014 0.086 0.695 0.046 0.039 0.049 0.07
Reagent Water 0.018 0.059 0.018 0.019 0.022 0.029 0.047
Benzoquinone 0.538 0.531 0.552 0.557 0.543 0.552 0.549

Sucrose 0.531 0.551 0.568 0.545 0.541 0.536 0.559
% 101.36% 95.94% 97.09% 102.28% 100.39% 103.16% 98.05%

UPW #1 0.021 0.019 0.042 0.023 0.056 0.037 0.020
UPW #2 0.010 0.014 0.021 0.066 0.018 0.033 0.035
UPW #3 0.013 0.020 0.025 0.027 0.053 0.026 0.034
UPW #4 0.028 0.020 0.037 0.033 0.031 0.015 0.021
UPW #5 0.015 0.011 0.018 0.051 0.116 0.017 0.018
UPW #6 0.007 0.112 0.039 0.026 0.032 0.034 0.021
UPW #7 0.009 0.020 0.067 0.030 0.063 0.042 0.024
UPW #8 0.017 0.015 0.023 0.033 0.044 0.019 0.033
UPW #9 0.023 0.028 0.019 0.020 0.045 0.025 0.033

UPW #10 0.013 0.034 0.008 0.031 0.081 0.031 0.032

Table 4.  Percent RSD to ppm Error Data

November 9 November 10 November 11

RSD ppm Error RSD ppm Error RSD ppm Error

UPW #1 11.12 0.0023 8.53 0.0016 1.15 0.0005
UPW #2 7.6 0.0008 19.93 0.0028 7.9 0.0017
UPW #3 17.35 0.0023 3.26 0.0007 13.28 0.0033
UPW #4 4.47 0.0013 6.78 0.0014 1.29 0.0005
UPW #5 17.15 0.0026 18.9 0.0021 5.67 0.0010
UPW #6 18.75 0.0013 11.35 0.0127 7.6 0.0030
UPW #7 24.29 0.0022 6.19 0.0012 3.52 0.0024
UPW #8 11.95 0.0020 10.32 0.0015 12.27 0.0028
UPW #9 7.09 0.0016 6.44 0.0018 2.03 0.0004

UPW #10 2.78 0.0004 3.51 0.0012 3.55 0.0003
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One additional benefit of the Aurora 1030W when determining the System Suitability is that the Aurora will run 
the calculation for you when utilizing the SST sample type in the sequence. As a result, instant visual clues indicate 
whether the instrument passes. An example is shown in Figure 6.

Figure 6.  Result Log

Summary
When the standard and stock solutions are made correctly, the results produced by the Aurora 1030W TOC 
Analyzer comply with the USP regulations. Shelf life of the System Suitability Standards must be considered when 
setting up a standard operating protocol for the laboratory because the carbon content of p-benzoquinone can 
decrease over time since p-benzoquinone sublimes.
7



Publication 22310807


	USP Total Organic Carbon System Suitability Test for the Aurora 1030W TOC Analyzer
	Introduction
	Experiment
	Calibration
	Standard Solution
	System Solubility Standard

	Results
	Summary



<<
  /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


