
 
USP <643> Bulk & Sterile Water 
Using the Teledyne Tekmar Fusion 
UV/Persulfate TOC Analyzer 

Application Note  
Joy Osborne, TOC Product Line Manager/Applications Chemist; Teledyne Tekmar P a g e  | 1 

Fusion USP 643 Bulk and Sterile Water Testing.docx; 18-Dec-17  

Sales/Support: 800-874-2004 • Main: 513-229-7000 
4736 Socialville Foster Rd., Mason, OH 45040 

www.teledynetekmar.com 
 

Objective 
To determine if the Teledyne Tekmar Fusion UV/Persulfate TOC Analyzer is 
capable of complying with United States Pharmacopeia (USP) Method <643> 
Bulk and Sterile Concentrations, using one calibration curve.  

Background 
USP <643> provides guidelines and requirements for TOC analysis of water 
for injection and purified water. This method presents a System Suitability Test 
that compares the recovery of a Standard Solution (rs) of sucrose (a relatively 
easy compound to oxidize) to a System Suitability Solution (rss) of  
1,4-benzoquinone (a difficult to oxidize compound). The response of Reagent 
Water (rw) is subtracted from each of these solutions’ responses to yield a 
corrected response. The corrected responses are then compared and must be 
within 15% of each other to verify the system will thoroughly oxidize organic 
carbon compounds with differing affinities for oxidation. The Response 
Efficiency must be 85%-115% for the Bulk and Sterile Standards to meet USP 
<643> requirements using the equation in Figure 1.  

Figure 1 Equation from USP <643> to Calculate % Response Efficiency 

% Response Efficiency = 100[(rSS − rW)/(rS − rW)] 

Where: 

• rSS = Instrument response to the System Suitability Solution  
(1, 4 Benzoquinone) 

• rW = Instrument response to the Reagent Water Control 
• rS = Instrument response to the Standard Solution (Sucrose) 

The Teledyne Tekmar application note, “Simplifying the Process: Automated USP 643 / EP 2.2.44 Purified 
Water and Water for Injection Testing Using a Next Generation TOC Analyzer” (viewable here) 
demonstrated the Fusion’s ability to easily pass USP Method <643> requirements with 0.500 ppmC 
standards and explains the Fusion’s helpful software features.  There have been recent updates to USP 
<643> that require not only 0.500 ppmC concentration of sucrose and 1,4-benzoquinone which represents 
“Bulk Water”, but an additional “Sterile Water” concentration level of 8.000 ppmC. The method does not 
require that both the Bulk and Sterile Standards be calculated against the same calibration, but for ease of 
use, and to reduce calibration time, one calibration curve for both Bulk and Sterile Standards will be used.   

Instrument Method 
The typical pharmaceutical or low-level carbon method on the Fusion uses a 9.0 ml Sample Volume, but to 
incorporate the 8.000 ppmC Sterile Standards of sucrose and 1,4-benzoquinone, the Sample Volume was 
decreased to 4.5 ml (Figure 2) in the Fusion software. The UV Reactor Prerinse was also set to “On” and 
the Prerinse Volume set to 5.0 ml of rinse water between injections, to reduce carryover.   

http://www.teledynetekmar.com/resources/Application%20Notes/Simplifying%20the%20Process_Automated%20USP%20643_EP%202_2_44%20Purified%20Water%20and%20Water%20For%20Injection%20Testing%20Using%20A%20Next%20Generation%20TOC%20Analyzer.pdf
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Figure 2 Method Settings Showing 4.5 ml Sample Volume and 5.0 mL Prerinse Settings 

 

System Suitability Schedule 
The Calibration Standards ranging from 0.100 ppmC-10.000 ppmC were made from potassium hydrogen 
phthalate (KHP) according to the procedure in the Fusion User Manual. System Suitability Standards of 
0.500 ppmC sucrose, 0.500 ppmC 1,4-benzoquinone, 8.000 ppmC sucrose, and 8.000 ppmC  
1,4-benzoquinone were also prepared.  Both sets of standards were run on the Fusion as shown in  
Figure 3.  

Figure 3 Fusion Sample Schedule Run 

 

Calibration Standard Results 
The results from the calibration curve yielded a linear regression value of 0.99956.  While a linear regression 
is not required by USP <643>, it is important to have a good linear value (>0.995) to acquire accurate 
System Suitability results (Figure 4).  

Figure 4 Calibration Curve Results 
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System Suitability Results 

Bulk Water 
Bulk water concentration is represented by 0.5 ppmC for both sucrose and 1,4-benzoquinone standards. 
Standards were prepared according to USP <643> guidelines. To pass <643> the reagent water must be 
less than 0.100 ppmC and the sucrose and 1,4-benzoquinone must have a response efficiency within 85-
115% of each other using the equation shown in Figure 1. The response efficiency confirms how closely a 
difficult to oxidize compound and easy to oxidize compound respond in the system; ideally, it should be as 
close as possible. As shown in Figure 5 the Fusion TekLink software calculates and identifies if the 
standards have passed or failed.  

Figure 5 Bulk Water Results which Easily Show Pass or Fail 

 

Formula 

% Response Efficiency = 100[(rSS − rW)/(rS − rW)] 

• rSS = Instrument response to the System Suitability Solution  
(1, 4 Benzoquinone) 

• rW = Instrument response to the Reagent Water Control 
• rS = Instrument response to the Standard Solution (Sucrose) 

Calculation 

% Response Efficiency = 100[(0.5614-0.0140) / (0.5740-0.0140)] 

Result 

Response Efficiency = 97.75% 

97.75% is within the 85%-115% required by USP <643> 

Sterile Water 
Sterile Water concentration is represented by 8.000 ppmC sucrose and 8 ppmC 1,4-benzoquinone 
standards.  The standards were prepared according to USP <643>, which states that the Reagent Water 
must be less than 0.100 ppmC and the % Response Efficiency must be 85%-115%. The Sterile Water was 
run as a Check Standard and was within 15% of the KHP Standard.  
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The Fusion TekLink software calculates and identifies if the standards have passed or failed (Figure 6). 
The equation in Figure 1 was used to calculate the % Response Efficiency.   

Figure 6 Bulk Water Standard Results 

 
 

Formula 

% Response Efficiency = 100[(rSS − rW)/(rS − rW)] 

• rSS = Instrument response to the System Suitability Solution  
(1, 4 Benzoquinone) 

• rW = Instrument response to the Reagent Water Control 
• rS = Instrument response to the Standard Solution (Sucrose)  

Calculation 

% Response Efficiency = 100[(8.1471-0.0140) / (7.6145-0.0140)] 

Result 

Response Efficiency = 107.01% 

107.01% is within the 85-115% required by USP <643>. 

Conclusion 
The Teledyne Tekmar Fusion UV/Persulfate TOC Analyzer successfully ran USP Method <643> Bulk and 
Sterile Standard Concentrations using one calibration curve, saving valuable analysis time.  The difficult to 
oxidize, 1,4- benzoquinone and easy to oxidize, sucrose, had a Response Efficiency of 85% - 115%, as 
required by USP <643>.  
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See how the Teledyne Tekmar Fusion UV/Persulfate Analyzer can help you comply with pharmaceutical or 
environmental standards! Contact a sales representative at 1.800.874.2004 or visit 
http://www.teledynetekmar.com/contact/sales-contacts. See genuine customer reviews of the Fusion at 
http://www.selectscience.net. 

https://hmc.usp.org/sites/default/files/documents/HMC/GCs-Pdfs/c643.pdf
https://hmc.usp.org/sites/default/files/documents/HMC/GCs-Pdfs/c643.pdf
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