TOTAL ORGANIC CARBON
(TOC) ANALYSIS OF
PHARMACEUTICAL CLEANING
VALIDATION SAMPLES
Total organic carbon (TOC) analysis provides a quick and
efficient analytical process for cleaning validation in the
pharmaceutical industry. When a single piece of equipment
in a pharmaceutical manufacturing facility processes different
active pharmaceutical ingredients (APIs), cross-contamination
between products must be kept to an absolute minimum.
Cleaning validation is the overall process that ensures that
equipment cleaning processes and procedures are removing
product and cleaning agent residues to predetermined levels
of acceptability as required by 21 CFR 211.67, which states
that ‘equipment and utensils shall be cleaned, maintained,
and sanitised at appropriate intervals to prevent malfunctions
or contamination that would alter the safety, identity,
strength, quality, or purity of the drug product beyond the
official or other established requirements’ 1.

Figure 1. (Xylem) OI Analytical - Aurora 1030W TOC Analyzer

with TOC analysis, which can detect any API or cleaning agent
residue that contains carbon in its molecular structure.
Jenkins et al. 2 found strong support for the use of TOC analysis
in cleaning validation: ‘TOC has low-level detection, rapid analysis
time, is low cost compared to other methods, and can detect
all carbon based residuals’. By comparing TOC, HPLC, thinlayer chromatography, spectrophotometric (UV), enzyme-linked
immunosorbent assay, electrophoresis, pH, conductivity, and visual
analysis, they found that TOC analysis performed as well as or
better than HPLC and spectrophometric methods.
Other reasons for the increase in reliance on TOC analysis include:

• Relatively low initial capital outlay and operational and
maintenance cost
• Ease of use
• High sensitivity
• High recovery of recalcitrant analytes
• Minimal interferences

Methodology
Testing the analytical technique in the developmental stages
with a model compound(s) that is representative of the types of
active agents encountered in the actual cleaning validation process
will demonstrate the robustness, accuracy, and precision of
the technique.

Experimental

Bovine Serum Albumin

Cleaning Validation Procedure Development

Bovine serum albumin (BSA) is a compound that can serve as a
good model for other proteinaceous, difficult-tooxidize APIs. Serum
albumin, a protein common in all mammalian blood plasma, is one
of the most widely known and carefully characterised proteins.
BSA specifically has been characterised by HNMR and X-ray
crystallography as being roughly heart shaped with 607 amino
acid residues and a molecular weight of approximately 66,317.25
amu 3. Widely used in the pharmaceutical industry as an active
agent itself, BSA is also a good model compound for developing

During development of a cleaning validation procedure, the key
objective is process validation: proving with analytical data that
each step in the process removes both product and cleaning
agent residues to predetermined levels of acceptability. The FDA’s
1993 guidelines require that the basis of any acceptance limits be
‘scientifically justifiable’. These limits vary depending on the type
of cleaning procedure used (for example, clean-in-place (CIP) or
clean-out-of-place (COP)) and whether the cleaning procedure
is being performed between batches of the same product or to
change product types. It is also important to understand the types
of analytes and cleaning agent residues for which users test (for
example, proteinaceous fermentation broth samples and cationic
surfactants). These parameters dictate the detection method for
the validation procedure.

TOC Analysis for Cleaning Validation
TOC analysis is rapidly becoming the analytical method of choice
for cleaning validation for several reasons. Many pharmaceutical
companies are developing cleaning validation methods based on
a whole-product approach: a determination is made as to whether
any residue is present without regard to its origin (including
products, cleaning detergents, chemicals, solvents, byproducts,
degradants, and microbial contaminants). This method works well

Table 1. Aurora Parameters per Sample for BSA Analysis

Parameter

Value

Sample volume

9 mL

Volume of acid

0.4 mL

Volume of sodium persulfate

1.2 mL

TIC react time

2:00 min

TIC detect time

3:00 min

EPC

20 psi

TOC react time

4:30 min

TOC detect time

3:30 min

Rinse per replicate

1

Rinse per sample

0

Rinse volume

20 mL
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replica of the touchscreen software available with the Aurora 1030W. The Response Factor represents the response of the instrument
in units of μg C per 1,000 area counts.

Test Results
The objective of this study was to determine the linear range of response of the 1030W TOC Analyzer to BSA. This concept is similar
to calibrating an instrument and reveals the working range of BSA concentrations where the instrument gives a linear response. Test
results are presented in Figure 3 as a plot of BSA concentration per sample versus the response of the TOC Analyzer in area counts. The
data show that the Aurora 1030W is capable of analysing BSA from approximately 0.5 to 20 ppm.

Figure 2. Calibration Curve for the Aurora 1030W TOC Analyzer Using KHP

a robust cleaning validation analytical method. Proteins are
notoriously difficult to oxidise, and when a TOC detection method
is developed using a protein compound as the test agent, high
confidence can be placed in the analytical results as they relate to
other active agents and less oxidation-resistant analytes.
Figure 3. Plot of Sample BSA Concentration Analyzed for TOC Concentration Versus Resulting TOC Area Counts

Equipment
The objective of this study was to determine the linear range of
response of a TOC Analyser using BSA as the model compound
for the development of a cleaning validation methodology. An OI
Analytical Aurora 1030W TOC Analyzer and a 1088 Autosampler
(Figure 1) were used in this study.

Solution Preparation
BSA lyophilised powder (Bio-Plus Laboratories) was rehydrated
using reagent water according to directions to make a parent/
working stock solution (100 mg/L Carbon). BSA samples were
prepared by dilution of the working carbon stock solution. Because
of the proteinaceous nature of the BSA, minimal shaking of the
stock standards is important, as it will adhere to other parts of
the glassware and result in reduced recovery. The volumetric flask
should be nearly full of DI water before adding BSA for dilution.
Mixing should only be performed immediately before analysis.
The TOC Analyser was calibrated using potassium hydrogen
phthalate (C9HO4K), or KHP. A premade 1,000 mg/L carbon
parent stock solution was diluted with reagent water to prepare a
working stock solution (100 mg/L C). Standards were prepared by
dilution of the working stock solution.
For digestion of TIC in samples, 5% phosphoric acid (H3PO4) was
prepared for the acid reagent. The TOC oxidant was prepared by
dissolving 200 g of sodium persulfate (Na2SO8) into 1 L of reagent
water. The TOC Analyser was programmed with the method
parameters listed in Table 1 for the analysis of BSA.
Samples were analysed in triplicate (9 mL per replicate), and data
was reported as area counts, mass of carbon (μg C), and carbon
concentration (mg/L) per replicate and per sample. Statistical data
reported included sample standard deviation and percent relative
standard deviation.

As a difficult-to-oxidise protein, BSA has been shown in other studies to have poor recovery and instrument response. These data
demonstrate that heated persulfate oxidation technology is capable of thoroughly digesting and completely recovering the carbon in
BSA samples over a wide working range. A similar plot with a secondorder best-fit curve would have been indicative of an instrument
with incomplete recovery of BSA. The data often represent, in these cases, the upper limit of the robustness of the analyser to digest
BSA; as the sample concentration increases, the instrument response stays relatively the same.
Table 2 further demonstrates the precision and accuracy obtainable with the Aurora 1030W when analysing proteinaceous samples
such as BSA. For analysis, samples were prepared with known concentrations of BSA. From this, the theoretical carbon concentration
could be calculated and compared with the measured carbon concentration. Based on the molecular weight of BSA as 66,317.25 amu
and percent carbon by weight of 53.065%, one can correlate the carbon concentration to the concentration of BSA by the following
formula:

ppm C =

ppm BSA • 53.065
100

The data shows the capability of heated persulfate technology to analyse BSA samples with high accuracy (2.5% average percent
RSD) and precision (87% average percent recovery).
Determining proper recoveries of carbon is a necessity in cleaning validation. The slope of theoretical versus actual concentration must
be determined in order to obtain an accurate assessment of system recovery. In Figure 4, BSA recoveries determined in Table 2 are
plotted and a slope is obtained.
Because theoretical carbon content is expected to be 53.065% in BSA, we can calculate the actual carbon content based on the
equation that:
				Theoretical

				
for BSA, 53.065
1.1317 = 46.8896% Carbon.

TOC Concentration
= Actual TOC Concentration;
Slope of the Line

By understanding the recovery that will be obtained by the analyser, a suitable range can be established for future runs to determine
BSA content of unknown samples.
Table 2. Data from BSA Samples

Theoretical Carbon
Concentration (ppm)

Measured Carbon
Concentration (ppm)

% RSD

% Recovery

Calibration Curve

1

0.791

5.55

79%

The calibration curve used in this study (Figure 2) demonstrates
the capability of the Aurora 1030W TOC Analyzer to be calibrated
across a relatively wide range of carbon concentrations with high
accuracy and precision. The instrument was calibrated using
KHP, a widely used and easily oxidisable standard. The calibration
curve in Figure 2 was generated using the PC software, which is a

2.5

2.267

1.76

91%

5

4.495

1.54

90%

10

8.787

1.15

88%
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Summary and Conclusions
Developing an overall cleaning validation methodology is a
substantial and detailed operation; the analytical method used to
detect residues is only a small part. Using BSA as a model analyte
that is well characterised and represents one of the most difficultto-oxidise compounds found in the pharmaceutical industry, this
study has determined that the Aurora 1030 TOC Analyzer is well
suited for laboratory analysis of clean-in-place and cleanoutof-place samples.
Heated persulfate oxidation technology and NDIR detection used
in the Aurora 1030W, coupled with features such as 21 CFR Part
11 compliant software and a built-in report generating program,
combine to provide the pharmaceutical industry with a TOC
analyser that analysts can employ with a high degree of confidence
for cleaning validation testing.
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Next Generation Small-Spot ED-XRF
Analysers for Faster, More Accurate Elemental
Analysis of Precious Metals
SPECTRO Analytical Instruments (Germany) recently announced the introduction of a new generation of SPECTRO MIDEX small-spot energy-dispersive x-ray fluorescence (ED-XRF) analysers for
faster and more accurate elemental analysis of precious metals.
The new SPECTRO MIDEX analyser represents a smart alternative to fire assay testing that not only
approaches fire assay in terms of precision, but greatly surpasses it in both speed and ease of use.
The new generation SPECTRO MIDEX analyser incorporates the latest developments in ED-XRF
detector technology, allowing improved precision. The innovations help make it one of the most-advanced midrange laboratory XRF benchtop analysers available for precious metals testing. The new
instrument delivers both an increased accuracy of elemental analysis — critical in the refining of
precious metals — and substantially accelerated testing times for higher sample throughput — a
priority for high-volume hallmarking centers. It is easier to operate and features helpful software
and the easy transfer of results into a laboratory network.
Specific features and benefits of the new SPECTRO MIDEX analyser include:
High precision and accuracy for a wide range of concentration levels — plus short testing times (often 30-40 seconds). For small jewelry items or
drill cuttings from remelted samples, it analyzes a small spot (typically 1 mm). For silver samples, which may be relatively inhomogeneous, averaged
results from an optional larger spot size maintain high-accuracy results.
Excellent ease of use with intuitive software supplying all relevant information on a single screen. An integrated video system aids in accurate positioning of the sample and also can help document the testing spot. Display, printout, and transfer of analysis results supports later data use and/or
proof of compliance.
Competitive, cost-effective analysis for precious metals testing offices, assay labs, hallmarking centers, and refinery labs. Its accuracy and speed
reduce costly additional ICP-OES or fire assay testing that requires digestion.
A high-resolution silicon drift detector (SDD) that makes determination of trace and minor elements even more accurate. Adding to that precision is
a new ultrahigh count rate. With the same measurement time as prior models, it delivers up to 4X higher intensities.
Greatly improved speeds on previous 120 second analysis times. With the same accuracy as earlier models, the new, faster scans may take only 30
seconds.
A compact design with a spacious measurement chamber that handles samples from tiny jewelry pins to large silver pieces. Samples are placed
onto a laboratory jack, and a turn of a knob moves it precisely into optimum measurement position. Close the analyser door and a single screen
click begins the analysis.
Optional AMECARE M2M (machine-to-machine) support extends self-diagnostic functions with proactive alerts, backed by direct monitoring via a
remote SPECTRO service expert’s PC.
The new, next-generation SPECTRO MIDEX analyser is available immediately from SPECTRO Analytical Instruments.
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Leading Analytical
Standards Provider
Looks to Further
Chinese Expansion
ChemService
(USA) offer a
range of over
14,000 high
quality analytical
standards to
a worldwide
clientele. Their
standards have
been widely
used in for a
wide range of
applications
ranging from
testing for
pesticides,
fungicides and herbicides to chemical
oceanographic studies to the even more diverse
markets such as testing everyday items such as
toothpaste and mouthwash. With 50 years of
experience ChemService are a well established
global brand relied on in a multitude of industries.
To cater for their increased global demand
ChemService would like to discuss opening
new partnerships in all regions of China, where
demand and interest for their standards has
significantly increased in recent years. Chris Boyd,
VP of Operations, will be attending Analytica
For More
Info,
China,
in October
andemail:
looks forward to discussing
possible future partnerships.
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