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the flask, and adjust the flow of cooling water to about 2 L
per minute.

[NoTe—The following preboiling steps, outlined in this
paragraph, are optional and need only be performed when
the presence of inorganic carbonates is suspected.] Maintain
the flow of nitrogen through the apparatus at 90 to 100 mL
per minute. Raise the heating mantle, E, to the flask, heat
the specimen to boiling, and boil gently for 2 minutes. Turn
the heat off, lower the mantle, E, and allow to cool for
about 10 minutes.

Connect the empty gas washing bottle assembly, |, and
sweep the system with nitrogen at a rate of 90 to 100 mL
per minute for 5 minutes. Reduce the nitrogen flow to 60
to 65 mL per minute, add 10 drops of butyl alcohol,

25.0 mL of 0.25 N sodium hydroxide VS, and 50 mL of dis-
tilled water into the bottle, rinsing down the inside of the
gas washing bottle, and replace the cap. Detach the rubber
fitting, C, from sidearm, and add 46 mL of hydrochloric acid
through the sidearm of the boiling flask. Reattach the nitro-
gen line, raise the heating mantle, and heat the reaction
mixture to boiling. After 2 hours of boiling, increase the
nitrogen flow to 90 to 100 mL per minute, discontinue the
heating, and lower the mantle. Allow to cool for 10 min-
utes. Disconnect, and disassemble the gas washing bottle.
Using a directed stream of distilled water, thoroughly rinse
all parts of the bubbling tube and cap, collecting the wash-
ings in the gas washing bottle. Use nitrogen to gently force
all water out of the bubbling tube. To the bottle immedi-
ately add 10 mL of 10% barium chloride solution and a stir-
ring bar. Insert a tight stopper, and stir gently for 1 minute.
Allow to stand for at least 5 minutes. Add three drops of
phenolphthalein TS, and titrate with 0.1 N hydrochloric acid
VS. Perform a blank determination (see Residual Titrations
under Titrimetry (541)). Calculate the percentage of carbon
dioxide, CO,, by the formula:

2200[(A — B) — C]/(1000W)(1 — D)

in which A is the number of mEq of 0.25 N sodium hydrox-
ide in the 25 mL used; B is the number of mEq of 0.1 N
hydrochloric acid used for the titration of the sample or the
standard; C is the net titration value calculated in the blank
determination; W is the weight, in g, of the sample or the
standard taken; and D is the percentage expressed as a dec-
imal (1 decimal place), obtained in the test for Loss on dry-
ing for the sample or for the standard.

(341) ANTIMICROBIAL AGENTS—
CONTENT

An essential component of Injections preserved in multi-
ple-dose containers is the agent or agents present to reduce
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the hazard of having introduced, in the course of removing
some of the contents, accidental microbial contamination of
the contents remaining. It is a Pharmacopeial requirement
that the presence and amount added of such a%ent(s) be
declared on the label of the container. The methods pro-
vided herein for the most commonly used agents are to be
used to demonstrate that the declared agent is present but
does not exceed the labeled amount by more than 20% of
the labeled amount.

The concentration of an antimicrobial preservative added
to a multiple-dose or single-dose parenteral, otic, nasal, and
ophthalmic preparation may diminish during the shelf life of
the product. Because it is recognized that the antimicrobial
preservative concentration in a (r:;iven preparation may de-
crease during the product’s shelf life, the manufacturer shall
determine the lowest level at which the preservative is effec-
tive, and the product should be so formulated as to assure
that this level is exceeded throughout the product’s shelf
life. At the time of its manufacture, the product should con-
tain the declared amount of antimicrobial preservative
(within £20% to allow for manufacturing and analytical vari-
ations). The quantitative label statement of the preservative
content is not intended to mean that the labeled quantity is
retained during the shelf life of the product; rather, it is a
statement of the amount added, within process limits, and
which is not exceeded by more than 20%. An example of
such a label statement is “___ (unit) added as preservative.”
[NOTE—“__ (unit)” would be a number followed by the
unit of measurement, e.g., 0.015 mg per mL or 0.1%.]

The most commonly used agents include the two
mercurials, phenylmercuric nitrate and thimerosal and the
four homologous esters of p-hydroxybenzoic acid, phenol,
benzyl alcohol, and chlorobutanol. The methods for the first
two named are polarographic, while quantitative gas chro-
matography is employed in the determination of the other
agents.

GENERAL GAS CHROMATOGRAPHIC
METHOD

The general procedures set forth in the following
paragraphs are applicable to the quantitative determination
of benzyl alcohol, chlorobutanol, phenol, and the methyl,
ethyl, propyl, and butyl esters of p-hydroxybenzoic acid, the
latter being treated as a group, the individual members of
which, if present, are capable of separate determination.
Prepare the Internal Standard Solution and the Standard Prep-
aration for each agent as directed individually below. Unless
otherwise directed below, prepare the Test Preparation from
accurately measured portions of the Internal Standard Solu-
tion and the sample under test, of such size that the con-
centration of the agent and the composition of the solvent
correspond closely to the concentration and composition of
the Standard Preparation. Suggested operating parameters of
the gas chromatograph apparatus are ?iven in the accom-
panying table, the carrier gas being helium or nitrogen, and
the detector being the flame-ionization type.
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Suggested Operating Parameters of Gas Chromatograph Apparatus
Column Size Column Packing Flow Rate, mL per
Agent Length ID Phases and Support minute Column Temperature
Benzyl Alcohol 1.8 m 3 mm 5% G16/S1A 50 140°
Chlorobutanol 1.8 m 2 mm 5% G16/S1A 20 110°
Phenol 1.2m 3 mm 5% G16/S1A 50 145°
Parabens 1.8 m 2 mm 5% G2/S1A 20 150°

Benzyl Alcohol

Internal Standard Solution—Dissolve about 380 mg of
phenol in 10 mL of methanol contained in a 200-mL volu-
metric flask. Add water to volume, and mix.

Standard Preparation—Dissolve about 180 mg of USP
Benzyl Alcohol RS, accurately weighed, in 20.0 mL of meth-
anol contained in a 100-mL volumetric flask. Add Internal
Standard Solution to volume, and mix.

Procedure—Separately inject equal volumes (about 5 ulL)
of the Standard Preparation and the Test Preparation into the
chromatograph, record the chromatograms with the appa-
ratus adjusted to the parameters set forth in the accompa-
nying table, and measure the areas under the peaks for ben-
zyl alcohol and phenol. Calculate the content, in mg per
;nL, ofI benzyl alcohol (C;HgO) in the specimen taken by the
ormula:

100(C/V)(p1/p2)(P2/P1)

in which C is the concentration, in mg per mL, of benzyl
alcohol in the Standard Preparation; V is the volume, in mL,
of the specimen under test used in preparing each 100 mL
of the Test Preparation; p: and p. are the peak areas for
benzyl alcohol and phenol, respectively, obtained from the
Test Preparation; and Pi and P, are the peak areas of benzyl
alcohol and phenol, respectively, obtained from the Stan-
dard Preparation.

Chlorobutanol

Internal Standard Solution—Transfer about 140 mg of
benzaldehyde to a 100-mL volumetric flask, add 10 mL of
methanol, and swirl to dissolve. Dilute with water to vol-
ume, and mix.

Standard Preparation—Transfer about 125 mg of USP
Chlorobutanol RS, accurately weighed, to a 25-mL volumet-
ric flask. Add 2 mL of methanol, swirl to dissolve, dilute with
water to volume, and mix. Transfer 5.0 mL of this solution
and 5.0 mL of Internal Standard Solution to a 25-mL flask,
and mix to obtain a solution having a known concentration
of about 2.5 mg of chlorobutanol per mL.

Test Preparation—Quantitatively dilute, if necessary, an
accurately measured volume of the specimen under test
with methanol to obtain a solution containing not more
than about 5.0 mg of chlorobutanol per mL. Combine
3.0 mL of this solution with 3.0 mL of Internal Standard Solu-
tion, and mix.

Chromatographic System (see Chromatography (621))—
[NOTE—See accompanying table for column dimensions,
column packing phase and support, flow rate, and column
temperature.] The injection port temperature is maintained
at 180°, and the detector temperature is maintained at
220°. Chromatograph the Standard Preparation, and record
the peak responses as directed for Procedure: the relative
retention times are about 0.8 for benzaldehyde and 1.0 for
chlorobutanol; the resolution, R, between benzaldehyde and
the chlorobutanol is not less than 2.0; and the relative stan-
dard deviation for replicate injections is not more than
2.0%.

Procedure—Separately inject equal volumes (about 1 uL)
of the Standard Preparation and the Test Preparation into the
chromatograph, record the chromatograms, and measure

the areas for the major peaks. Calculate the quantity, in mg,
of chlorobutanol (C4H;Cl30) in each mL of the specimen
under test by the formula:

C(L/D)(Ru/Rs)

in which C is the concentration, in mg per mL, of
chlorobutanol, calculated on the anhydrous basis, in the
Standard Preparation; L is the labeled quantity, in mg, of
chlorobutanol in each mL of the specimen under test; D is
the concentration, in mg per mL, of chlorobutanol in the
Test Preparation, based on the volume of specimen under
test taken and the extent of dilution; and Ry and Rs are the
ratios of the chlorobutanol peak to the benzaldehyde peak
obtained from the Test Preparation and the Standard Prepa-
ration, respectively.

Phenol

Internal Standard Solution—Pipet 1 mL of USP Benzyl
Alcohol RS into a 500-mL volumetric flask, add methanol to
volume, and mix.

Standard Preparation—Dissolve about 75 mg of USP
Phenol RS, accurately weighed, in 7.5 mL of methanol con-
tained in a 100-mL volumetric flask. Add 20.0 mL of Internal
Standard Solution, then add water to volume, and mix.

Procedure—Separately inject equal volumes (about 3 ulL)
of the Standard Preparation and the Test Preparation into the
chromatograph, record the chromatograms with the appa-
ratus adjusted to the parameters set forth in the accompa-
nying table, and measure the areas under the peaks for phe-
nol and benzyl alcohol. Calculate the content, in mg per
mL, of phenol (CsHsO) in each mL of the specimen taken by
the formula:

100(C/V)(p1/p2)(P2/P1)

in which C is the concentration, in mg per mL, of phenol in
the Standard Preparation; V is the volume, in mL, of the
specimen under test used in preparing each 100 mL of the
Test Preparation; p, and p; are the peak areas for phenol
and benzyl alcohol, respectively, obtained from the Test
Preparation; and Py and P, are the peak areas of phenol and
benzyl alcohol, respectively, obtained from the Standard
Preparation.

Methylparaben and Propylparaben

Internal Standard Solution—Place about 200 mg of
benzophenone in a 250-mL volumetric flask, dilute with
ether to volume, and mix.

Standard Preparation—Place 100 mg of USP Methyl-
paraben RS and 10 mg of USP Propylparaben RS, each accu-
rately weighed, in a 200-mL volumetric flask, dilute with
Internal Standard Solution to volume, and mix. Place 10 mL
of this solution in a 25-mL conical flask, and proceed as
directed for Test Preparation, beginning with “Add 3 mL of
pyridine.”

Test Preparation—Pipet 10 mL of the specimen under
test and 10 mL of the Internal Standard Solution into a small
separator. Shake vigorously, allow the layers to separate,
draw off the aqueous layer into a second separator, and
transfer the ether layer into a small flask through a funnel
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containing anhydrous sodium sulfate. Extract the aqueous
layer with two 10-mL portions of ether, also filtering the
extracts through the anhydrous sodium sulfate. Evaporate
the combined extracts under a current of dry air until the
volume is reduced to about 10 mL, then transfer the residue
to a 25-mL conical flask. Add 3 mL of pyridine, complete
the evaporation of the ether, and boil on a hot plate until
the volume is reduced to about 1 mL. Cool, and add 1 mL
of a suitable silylation agent, such as bis(trimethylIsilyl)-
trifluoroacetamide, bis(trimethylsilyl)acetamide, or a mixture
of hexamethyldisilazane and trimethylchlorosilane [2: 1 or
3:1 (v/v)]. Mix, and allow to stand for not less than 15
minutes.

Procedure—Separately inject equal volumes (2 uL) of the
silanized solution from the Standard Preparation and the Test
Preparation into the chromatograph, record the chro-
matograms with the apparatus adjusted to the parameters
set forth in the accompanying table, and measure the areas
under the peaks for methylparaben, propylparaben, and
benzophenone. Calculate the content, in ug per mL, of
fmethyllparaben (CgHsOs) in the sample under test by the
ormula:

10(Cum/V)(p1/p3)(P3/P1)

in which Cy is the concentration, in ug per mL, of methyl-
paraben in the Standard Preparation; V is the volume, in mL,
of the specimen taken; p; and ps are the peak areas for
methylparaben and benzophenone, respectively, obtained
from the Test Preparation; and Py and Ps are the peak areas
of methylparaben and benzophenone, respectively, obtained
from the Standard Preparation. Similarly, calculate the con-
tent, in ug per mL, of propylparaben (CioH:.03) in the spec-
imen under test by the formula:

10(Ce/V)(p2/p3)(P3/P2)

in which Cp is the concentration, in ug per mL, of
propylparaben in the Standard Preparation; V is the volume,
in mL, of the specimen taken; p. and ps are the peak areas
for propylparaben and benzophenone, respectively, ob-
tained from the Test Preparation; and P, and P are the peak
areas of propylparaben and benzophenone, respectively, ob-
tained from the Standard Preparation.

Ethylparaben and butylparaben may be determined in a
similar manner.

POLAROGRAPHIC METHOD

Phenylmercuric Nitrate

Standard Preparation—Dissolve about 100 mg of
phenylmercuric nitrate, accurately weighed, in sodium hy-
droxide solution (1 in 250) contained in a 1000-mL volu-
metric flask, warming if necessary to effect solution, add the
sodium hydroxide solution to volume, and mix. Pipet 10 mL
of this solution into a 25-mL volumetric flask, and proceed
as directed under Test Preparation, beginning with “add
2 mL of potassium nitrate solution (1 in 100).”

Test Preparation—Pipet 10 mL of the specimen under
test into a 25-mL volumetric flask, add 2 mL of potassium
nitrate solution (1 in 100) and 10 mL of pH 9.2 alkaline
borate buffer (see under Buffer Solutions in the section Re-
agents, Indicators, and Solutions), and adjust to a pH of 9.2,
if necessary, by the addition of 2 N nitric acid. Add 1.5 mL
of freshly prepared gelatin solution (1 in 1000), then add
the pH 9.2 alkaline borate buffer to volume, and mix.

Procedure—Pipet a portion of the Test Preparation into
the polarographic cell, and deaerate by bubbling nitrogen
through the solution for 15 minutes. Insert the dropping
mercury electrode of a suitable polarograph (see Polarogra-
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phy (801)), and record the polarogram from —-0.6 to —1.5
volts versus the saturated calomel electrode. Determine the
diffusion current of the Test Preparation, (iq)u, as the differ-
ence between the residual current and the limiting current.
Similarly and concomitantly determine the diffusion current,
(ig)s, of the Standard Preparation. Calculate the quantity, in
ug, of phenylmercuric nitrate (CsHsHgNOs) in each mL of
the specimen taken by the formula:

2.5C[(ig)u/(ia)s]

in which C is the concentration, in ug per mL, of
phenylmercuric nitrate in the Standard Preparation.

Thimerosal

Standard Preparation—On the day of use, place about
25 mg of USP Thimerosal RS, accurately weighed, in a 250-
mL volumetric flask, add water to volume, and mix. Protect
from light. Pipet 15 mL of this solution into a 25-mL volu-
metric flask, add 1.5 mL of gelatin solution (1 in 1000),
then add potassium nitrate solution (1 in 100) to volume,
and mix.

Test Prer)aration—Pipet 15 mL of the test specimen into
a 25-mL volumetric flask, add 1.5 mL of gelatin solution (1
in 1000), add potassium nitrate solution (1 in 100) to vol-
ume, and mix.

Procedure—Transfer a portion of the Test Preparation to
a polarographic cell, and deaerate by bubbling nitrogen
through the solution for 15 minutes. Insert the dropping
mercury electrode of a suitable polarograph (see Polarogra-
phr (801)), and record the polarogram from —0.2 to —-1.4
volts versus the saturated calomel electrode. Determine the
diffusion current, (is)y, as the difference between the
residual current and the limiting current. Similarly and con-
comitantly determine the diffusion current, (is)s, of the Stan-
dard Preparation. Calculate the quantity, in pug, of thimerosal
(CeHsHgNaO,S) in each mL of the test specimen taken by
the formula:

1.667C[(ia)u/(ia)s]

in which C is the concentration, in ug per mL, of thimerosal
in the Standard Preparation; and the other terms are as de-
fined therein.

(345) ASSAY FOR CITRIC ACID/
CITRATE AND PHOSPHATE

The following ion chromatographic general procedure is
provided for the determination of citric acid/citrate and
phosphate in compendial articles, when specified in the in-
dividual monographs. Identification tests for citrate and
phosphate are provided separately under USP general chap-
ter Identification Tests—General (191). The procedure for
preparation of the Standard Preparations used for the assay
depends on whether or not citrate and phosphate are being
assayed concomitantly, as indicated below.

USP Reference Standards (11)—USP Citric Acid RS.

Mobile Phase—Transfer an appropriate volume of water
(resistivity not less than 18 megohm-cm) to a suitable
container, and degas with helium for not less than 20 min-
utes. Add an appropriate volume of 50% (w/w) carbonate-
free sodium hydroxide or potassium hydroxide to obtain a
20 mM sodium hydroxide or potassium hydroxide solution.



