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matrix and those at or below the limit at which they can be
disregarded.

Calibration Procedure: The relationship between the
measured or evaluated signal y and the quantity (e.g., con-
centration, mass) of substance x is determined, and the cali-
bration function is calculated. The analytical results are cal-
culated from the measured signal or evaluated signal of the
analyte and its position on the calibration curve.

In tests for impurities for both the External Standard
Method, when a dilution of the sample solution is used for
comparison, and the Normalization Procedure, any correction
factors indicated in the monograph are applied é.g., when
the response factor is outside the range 0.8-1.2).

When the impurity test prescribes the total of impurities
or there is a quantitative determination of an impurity,
choice of an appropriate threshold setting and appropriate
conditions for the integration of the peak areas is important.
In such tests the limit at or below which a peak is disre-
garded is generally 0.05%. Thus, the threshold setting of
the data collection system corresponds to at least half of this
limit. Integrate the peak area of any imi)urity that is not
completely separated from the principal peak, preferably by
valley-to-valley extrapolation (tangential skim).

(631) COLOR AND
ACHROMICITY

Definition—For the purposes of this chapter, color may
be defined as the perception or subjective response by an
observer to the objective stimulus of radiant energy in the
visible spectrum extending over the range 400 nm to 700
nm in wavelength. Perceived color is a function of three
variables: spectral proiaerties of the object, both absorptive
and reflective; spectral properties of the source of illumina-
tion; and visual characteristics of the observer.

Two obijects are said to have a color match for a particular
source of illumination when an observer cannot detect a
color difference. Where a pair of objects exhibit a color
match for one source of illumination and not another, they
constitute a metameric pair. Color matches of two objects
occur for all sources of illumination if the absorption and
reflectance spectra of the two objects are identical.

Achromicity or colorlessness is one extreme of any color
scale for transmission of light. It implies the complete ab-
sence of color, and therefore the visible spectrum of the
object lacks absorbances. For practical purposes, the ob-
server in this case perceives little if any absorption taking
place in the visible spectrum.

Color Attributes—Because the sensation of color has
both a subjective and an objective part, color cannot be
described solely in spectrophotometric terms. The common
attributes of color therefore cannot be given a one-to-one
correspondence with spectral terminology.

Three attributes are commonly used to identify a color:
(1) hue, or the quality by which one color family is distin-
guished from another, such as red, yellow, blue, green, and
intermediate terms; (2) value, or the quality that distin-
guishes a light color from a dark one; and (3) chroma, or
the quality that distinguishes a strong color from a weak
one, or the extent to which a color differs from a gray of
the same value.

The three attributes of color may be used to define a
three-dimensional color space in which any color is located
by its coordinates. The color space chosen is a visually uni-
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form one if the geometric distance between two colors in
the color space is directly a measure of the color distance
between them. Cylindrical coordinates are often conven-
iently chosen. Points along the long axis represent value
from dark to light or black to white and have indeterminate
hue and no chroma. Focusing on a cross-section perpendic-
ular to the value axis, hue is determined by the angle about
the long axis and chroma is determined by the distance
from the long axis. Red, yellow, green, blue, purple, and
intermediate hues are given by different angles. Colors
along a radius of a cross-section have the same hue, which
become more intense farther out. For example, colorless or
achromic water has indeterminate hue, high value, and no
chroma. If a colored solute is added, the water takes on a
particular hue. As more is added, the color becomes darker,
more intense, or deeper; i.e., the chroma generally increases
and value decreases. If, however, the solute is a neutral
color, i.e., gray, the value decreases, no increase in chroma
is observed, and the hue remains indeterminate.

Laboratory spectroscopic measurements can be converted
to measurements of the three color attributes. Spectroscopic
results for three chosen lights or stimuli are weighted by
three distribution functions to yield the tristimulus values, X,
Y, Z (see Color—Instrumental Measurement (1061)). The dis-
tribution functions were determined in color matching ex-
periments with human subjects.

The tristimulus values are not coordinates in a visually uni-
form color space; however, several transformations have
been proposed that are close to being uniform, one of
which is given in the chapter cited (1061) Color—Instrumen-
tal Measurement. The value is often a function of only the Y
value. Obtaining uniformity in the chroma-hue subspace has
been less satisfactory. In a practical sense, this means in vis-
ual color comparison that if two objects differ significantly in
hue, deciding which has a higher chroma becomes difficult.
This points out the importance of matching standard to
sample color as closely as possible, especially for the attrib-
utes of hue and chroma.

Color Determination and Standards—The perception of
color and color matches is dependent on conditions of
viewing and illumination. Determinations should be made
using diffuse, uniform illumination under conditions that re-
duce shadows and nonspectral reflectance to a minimum.
The surface of powders should be smoothed with gentle
pressure so that a planar surface free from irregularities is
presented. Liquids should be compared in matched color-
comparison tubes, against a white background. If results are
found to vary with illumination, those obtained in natural or
artificial daylight are to be considered correct. Instead of
visual determination, a suitable instrumental method may
be used.

Colors of standards should be as close as possible to those
of test specimens for quantifying color differences. Stan-
dards for opaque materials are available as sets of color
chips that are arranged in a visually uniform space.* Stan-
dards identified by a letter for matching the colors of fluids
can be prepared according to the accompanying table. To
prepare the matching fluid required, pipet the prescribed
volumes of the colorimetric test solutions [see under Colori-
metric Solutions (CS) in the section Reagents, Indicators, and
Solutions] and water into one of the matching containers,
and mix the solution in the container. Make the comparison
as directed in the individual monograph, under the viewing
conditions previously described. The matching fluids, or
other combinations of the colorimetric solutions, may be
used in very low concentrations to measure deviation from
achromicity.

*Collections of color chips, arranged according to hue, value, and chroma in
a visually uniform space and suitable for use in color designation of speci-
mens by visual matching are available from GretagMacbeth LLC, 617 Little
Britain Road, New Windsor, NY 12553-6148.
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Matching Fluids

Parts of Parts of
Match- Cobaltous Ferric Parts of
ing Chloride Chloride Cupric Parts of
Fluid cs cs Sulfate CS Water
A 0.1 0.4 0.1 4.4
B 0.3 0.9 0.3 3.5
C 0.1 0.6 0.1 4.2
D 0.3 0.6 0.4 3.7
E 0.4 1.2 0.3 3.1
F 0.3 1.2 0.0 3.5
G 0.5 1.2 0.2 3.1
H 0.2 1.5 0.0 33
| 0.4 2.2 0.1 2.3
] 0.4 3.5 0.1 1.0
K 0.5 4.5 0.0 0.0
L 0.8 3.8 0.1 0.3
M 0.1 2.0 0.1 2.8
N 0.0 4.9 0.1 0.0
o 0.1 4.8 0.1 0.0
P 0.2 0.4 0.1 4.3
Q 0.2 0.3 0.1 4.4
R 0.3 0.4 0.2 4.1
S 0.2 0.1 0.0 4.7
T 0.5 0.5 0.4 3.6

(641) COMPLETENESS OF
SOLUTION

Place the quantity of the substance specified in the indi-
vidual monogra‘ph in a meticulously cleansed, glass-stop-
pered, 10-mL glass cylinder approximately 13 mm x 125
mm in size. Usin? the solvent that is specified in the mono-
graph or on the label of the product, fill the cylinder almost
to the constriction at the neck. Shake gently to effect solu-
tion: the solution is not less clear than an equal volume of
the same solvent contained in a similar vessel and examined
similarly.

(643) TOTAL ORGANIC CARBON

Total organic carbon (TOC) is an indirect measure of or-
ganic molecules present in pharmaceutical waters measured
as carbon. Organic molecules are introduced into the water
from the source water, from purification and distribution
system materials, and from biofilm growing in the system.
TOC can also be used as a process control attribute to mon-
itor the performance of unit operations comprising the puri-
fication and distribution system. A TOC measurement is not
a replacement test for endotoxin or microbiological control.
While there can be a qualitative relationship between a food
source (TOC) and microbiological activity, there is no direct
numerical correlation.

A number of acceptable methods exist for analyzing TOC.
This chapter does not endorse, limit, or prevent any tech-
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nologies from being used, but this chapter provides guid-
ance on how to qualify these analytical technologies for use
as well as guidance on how to interpret instrument results
for use as a limit test.

Apparatus commonly used to determine TOC in water for
pharmaceutical use have in common the objective of oxidiz-
ing the organic molecules in the water to produce carbon
dioxide followed by the measurement of the amount of car-
bon dioxide produced. Then the amount of CO, produced
is determined and used to calculate the organic carbon con-
centration in the water.

All technologies must discriminate between the inorganic
carbon, which may be present in the water from sources
such as dissolved CO, and bicarbonate, and the CO, gener-
ated from the oxidation of organic molecules in the sample.
The discrimination may be accomplished either by deter-
mining the inorganic carbon and subtracting it from the
total carbon (total carbon is the sum of organic carbon and
inorganic carbon), or by purging inorganic carbon from the
sample before oxidation. While purging may entrain organic
molecules, such purgeable organic carbon is present in neg-
ligible quantities in water for pharmaceutical use.

Apparatus Requirements—This test method is per-
formed either as an on-line test or as an off-line laboratory
test using a calibrated instrument. The suitability of the ap-
paratus must be periodically demonstrated as described be-
low. In addition, it must have a manufacturer’s specified
limit of detection of 0.05 mg of carbon per L (0.05 ppm of
carbon) or lower.

When testing water for quality control purposes, ensure
that the instrument and its data are under appropriate con-
trol and that the sampling approaches and locations of both
on-line and off-line measurements are representative of the
quality of the water used. The nature of the water produc-
tion, distribution, and use should be considered when se-
lecting either on-line or off-line measurement.

USP Reference Standards (11)—USP 1,4-Benzoquinone
RS. USP Sucrose RS.

Reagent Water—Use water having a TOC level of not
more than 0.10 mg per L. [NOTE—A conductivity require-
ment may be necessary to ensure method reliability.

Container Preparation—Organic contamination of con-
tainers results in higher TOC values. Therefore, use labware
and containers that have been scrupulously cleaned of or-
ganic residues. Any method that is effective in removing
organic matter can be used (see Cleaning Glass Apparatus
(1051)). Use Reagent Water for the final rinse.

Standard Solution—Unless otherwise directed in the in-
dividual monograph, dissolve in the Reagent Water an accu-
rately weighed quantity of USP Sucrose RS, to obtain a solu-
tion having a concentration of 1.19 mg of sucrose per L
(0.50 mg of carbon per L).

System Suitability Solution—Dissolve in Reagent Water
an accurately weighed quantity of USP 1,4-Benzoquinone RS
to obtain a solution having a concentration of 0.75 mg per
L (0.50 mg of carbon per liter).

Reagent Water Control—Use a suitable quantity of Rea-
gent Water obtained at the same time as that used in the
preparation of the Standard Solution and the System Suitabil-
ity Solution.

Water Sample—Obtain an on-line or off-line sample that
suitably reflects the quality of water used.

Other Control Solutions—Prepare appropriate reagent
blank solutions or other specified solutions needed for estab-
lishing the apparatus baseline or for calibration adjustments
following the manufacturer’s instructions, and run the ap-
propriate blanks to zero the instrument, if necessary.

System Suitability—Test the Reagent Water Control in the
apparatus, and record the response, rw. Repeat the test us-
ing the Standard Solution, and record the response, rs. Cal-
culate the corrected Standard Solution response, which is
also the limit response, by subtracting the Reagent Water



