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Introduction

The current regulatory demands of the industry require analytical instruments that
can measure at increasingly lower detection limits with high precision and accuracy.  For
example, some ultrapure applications in TOC require trace level detection to ensure
highly accurate and precise results.   The Shimadzu Wet Chemical TOC-VW is the only
TOC on the market that offers three oxidation techniques of UV light, Persulfate, and
Heat in a single instrument. This allows for optimal TOC sensitivity with a method
detection limit of 0.5 ppb.  This study demonstrates how the TOC-VW meets and exceeds
the demands of ultrapure applications by achieving practical quantitation below 5 ppb.

Method and Results

All analyses were performed with the Shimadzu TOC-VW, using the standard
reagents of Sodium Persulfate and Phosphoric Acid.  To minimize contamination
sources, all sample containers were cleaned overnight using a 10% v/v solution of HCl.
To reduce contamination in automated high sensitivity analysis, the number of times that
the sample needle pierces the sample vial should be reduced. Meaning needle washes
should be set to zero. Also, samples were analyzed using acidify and sparge TOC also
known as NPOC.  TOC (TC-IC) analysis tends to have greater variation in measured
values than the NPOC analysis because IC often accounts for a significant portion of the
TC, and the errors in the two values are additive, which significantly affects TOC
analysis. The parameters for the analysis were as follows: 3.00% phosphoric acid was
added, 2.00mL persulfate was added, and the sparge time was 3.00 minutes. The
calibration curve was generated from 0, 2, and 5 ppb TOC standards using Potassium
Hydrogen Phthalate (KHP). The results of the calibration curve are shown below in the
Calibration Curve section. Also, three samples were prepared at 5 ppb KHP to assess the
accuracy and precision. The results of the low-level analysis are shown below in the Data
Results section.



Calibration Curve of 0, 2, and 5 ppb KHP

The displayed calibration curve is generated from 0, 2, and 5ppb KHP standards. The
calibration curve is linear showing a correlation coefficient(r) of 0.992. The coefficient of
determination (r2) was 0.984. The blank results were approximately 7 ppb as can be
shown with mean area counts of 50.20. By using a high purity water system that delivers
closer to zero ppb TOC water, blank results will further improve. Furthermore, all
calibration points show excellent precision. The 0 ppb, 2 ppb, 5 ppb standards give
coefficients of variation of 1.71%, 1.22%, and 0.96%, respectively.

Data Results from the Analysis of Three 5 ppb Samples

For the three 5 ppb samples a mean concentration of 5.2806 ppb with a recovery of
105.6% was achieved. The precision of the instrument shows Mean CV’s of 1.35%.

Conclusion

The Shimadzu TOC-VW clearly shows that it is both accurate and precise even at
concentration levels of 0, 2, and 5ppb.  In analyzing the 5 ppb sample, the recoveries
were excellent. Also, all standards and samples yielded coefficients of variation well
below the acceptable levels of 2%.  With the ability to practically quantitate at TOC
levels below 5 ppb, the Shimadzu TOC-VW is an instrument that is designed to meet and
exceed the needs of the ultrapure community.


