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Lamp: Cadmium hollow-cathode lamp

Wavelength: 228.8 nm

(2) Lead—To 1.0mL of the Standard Lead Solution
add 10 mL of a solution of diammonium hydrogen citrate (1
in 4) and 2 drops of bromothymol blue TS, proceed as direct-
ed for the sample solution under (1), and use this solution as
the standard solution. Perform the tests according to the
Atomic Absorption Spectrophotometry under the following
conditions, using the sample solution obtained in (1) and the
standard solution. The absorbance of the sample solution is
not more than that of the standard solution.

Gas: Combustible gas—Acetylene or hydrogen

Supporting gas—Air

Lamp: Lead hollow-cathode lamp

Wavelength: 283.3 nm

(3) Extractable substances—Wash the rubber closures
with water, and dry at room temperature. Place them in a
glass container, add water exactly 10 times the mass of the
test material, close with a suitable stopper, heat at 121°C for
1 hour in an autoclave, take out the glass container, allow to
cool to room temperature, then take out immediately the
rubber closures, and use the remaining solution as the test
solution. Prepare the blank solution with water in the same
manner. Perform the following tests with the test solution
and the blank solution.

(i) Description: The test solution is clear and colorless.
Read the transparency of the test solution at 430 nm and
650 nm (10 mm), using the blank solution as the blank.
Both of them are not less than 99.0%.

(i) Foam test: Place 5 mL of the test solution in a glass-
stoppered test tube of about 15 mm in inner diameter and
about 200 mm in length, and shake vigorously for 3
minutes. The foam arisen disappears almost completely wi-
thin 3 minutes.

(iii) pH: To 20mL each of the test solution and the
blank solution add 1.0 mL each of potassium chloride solu-
tion, prepared by dissolving 1.0 g of potassium chloride in
water to make 1000 mL. The difference of pH between the
two solutions is not more than 1.0.

(iv) Zinc: To 10.0 mL of the test solution add diluted di-
lute nitric acid (1 in 3) to make 20 mL, and use this solution
as the sample solution. Further, to 1.0 mL of Standard Zinc
Solution for atomic absorption spectrophotometry add
diluted nitric acid (1 in 3) to make exactly 20 mL, and use
this solution as the standard solution. Perform the tests ac-
cording to the Atomic Absorption Spectrophotometry, us-
ing these solutions, under the following conditions. The ab-
sorbance of the sample solution is not more than that of the
standard solution.

Gas: Combustible gas—Acetylene

Supporting gas—Air

Lamp: Zinc hollow-cathode lamp

Wavelength: 213.9 nm

Standard Zinc Solution for atomic absorption spec-
trophotometry: Measure exactly 10 mL of the Standard
Zinc Stock Solution, and add water to make exactly 1000
mL. Prepare before use. One mL of this solution contains
0.01 mg of zinc (Zn).

(v) Potassium Permanganate-reducing substances:
Measure 100 mL of the test solution in a glass-stoppered, Er-
lenmyer flask, add 10.0 mL of 0.002 mol/L potassium per-
manganate VS and 5 mL of dilute sulfuric acid, and boil for
3 minutes. After cooling, add 0.10 g of potassium iodide,
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stopper, mix by shaking, then allow to stand for 10 minutes,
and titrate with 0.01 mol/L sodium thiosulfate VS (indica-
tor: 5 drops of starch TS). Perform the blank test in the
same manner, using 100 mL of the blank solution. The
difference in mL of 0.002 mol/L potassium permanganate
VS required between the tests is not more than 2.0 mL.

(vi) Residue on evaporation: Measure 100 mL of the test
solution, evaporate on a water bath to dryness, and dry the
residue at 105°C for 1 hour. The mass of the residue is not
more than 2.0 mg.

(vii) UV spectrum: Read the absorbance of the test solu-
tion between 220 nm and 350 nm against the blank solution
as directed under the Ultraviolet-visible Spectrophotometry:
it is not more than 0.20.

(@) Acute systemic toxicity—The test solution meets the
requirements, when examined under the following condi-
tions against the blank solution.

Preparation of the test solution and the blank solution:
Wash the rubber closures with water and Water for Injec-
tion successively, and dry under clean conditions at room
temperature. Transfer the rubber closures to a glass contain-
er. Add isotonic sodium chloride solution 10 times the mass
of the test material, stopper adequately, heat in an autoclave
at 121°C for 1 hour, take out the glass container, and allow
to cool to room temperature. The solution thus obtained is
used as the test solution. The blank solution is prepared in
the same manner.

(i) Test procedures

Test animals: Use healthy male mice of inbred strain or
from a closed colony, weighing 17 to 23 g.

Procedure: Separate the animals into two groups of 10
mice, and inject intravenously 50 mL each of the solutions
per kg body mass.

(ii) Interpretation

Observe the animals for 5 days after injection: During the
observation period, none of the animals treated with the test
solution show any abnormality or death.

(5) Pyrogen test—The test solution specified in (4) meets
the requirements of the Pyrogen Test as does the blank solu-
tion. )

(6) Hemolysis test—When 0.1 mL of defibrinated blood
of rabbit is added to 10 mL of the test solution specified in
(4) and the mixture is allowed to stand at 37°C for 24 hours,
hemolysis is not observed. Perform the blank test in the
same manner, using 10 mL of the blank solution.

60. Test for
Total Organic Carbon

The Test for Total Organic Carbon is a method for meas-
uring the amount of organic carbon, which forms organic
compounds, in water. Normally, organic carbon can be oxi-
dized to carbon dioxide by a dry decomposition method,
where organic compounds are oxidized by combustion, or
by a wet decomposition method, where organic compounds
are oxidized by applying ultraviolet rays or by adding oxidiz-
ing agent. The amount of carbon dioxide generated in the
decomposition process is measured using an appropriate
method such as infrared gas analysis, electric conductivity
measurement, or resistivity measurement. The amount of or-
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ganic carbon in water can be calculated from the amount of
carbon dioxide measured in one of the above methods.
There are two types of carbon in water: organic carbon
and inorganic carbon. For measuring the amount of organic
carbon, two approaches can be taken. One method is to

measure the amount of total carbon in water, then to sub-

tract the amount of inorganic carbon from that of total car-
bon. The other method is to remove inorganic carbon from
the test water, then to measure the amount of remaining or-
ganic carbon.

Instrument

The instrument consists of a sample injection port, a
decomposition device, a carbon dioxide separation block, a
detector, and a data processor or a recorder. The instrument
should be capable of measuring the amount of organic car-
bon down to 0.050 mg/L.

The sample injection port is designed to be able to accept
a specific amount of sample injected by a microsyringe or
other appropriate sampling devices. The decomposition
device for the dry decomposition method consists of a com-
bustion tube and an electric furnace to heat the sample.
Both devices are adjusted to operate at specified tempera-
tures. The decomposition device for the wet decomposition
method consists of an oxidizing reaction box, an ultraviolet
ray lamp, a decomposition aid injector, and a heater. The
decomposition device for either method should be capable
of generating not less than 0.450 mg/L of organic carbon
when using a solution of sodium dodecylbenzenesulfonate
(theoretical value of total organic carbon in this solution is
0.806 mg/L) as the sample. The carbon dioxide separation
block removes water from carbon dioxide formed in the
decomposition process or separates carbon dioxide from the
decomposed gas. An infrared gas analyzer, electric conduc-
tivity meter or specific resistance meter is used as the detec-
tor which converts the concentration of carbon dioxide into
electric signal. The data processor calculates the concentra-
tion of the total organic carbon in the sample based on the
electric signal converted by the detector. The recorder
records the electric signal intensity converted by the detec-
tor.

Reagents and standard solutions

Water used for measuring organic carbon (water for meas-
urement): This water is used for preparing standard solu-
tions or decomposition aid or for rinsing the instrument.
The amount of organic carbon in this water, when collected
into a sample container, should be not more than 0.250 mg/
L.

Standard potassium hydrogen phthalate solution: The
concentration of this standard solution is determined as
specified for the instrument. Dry potassium hydrogen phtha-
late (standard reagent) at 105°C for 4 hours, and allow it to
cool in a desiccator (silica gel). Weigh accurately a
prescribed amount of dried potassium hydrogen phthalate,
and dissolve it in the water for measurement to prepare the
standard solution.

Standard solution for measuring inorganic carbon: The
concentration of this standard solution is determined as
specified for the instrument. Dry sodium hydrogen car-
bonate in a desiccator (sulfuric acid) for not less than 18
hours. Dry sodium carbonate decahydrate separately be-
tween 500°C and 600°C for 30 minutes, and allow to cool in
a desiccator (silica gel). Weigh accurately prescribed
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amounts of these compounds so that the ratio of their car-
bon content is 1:1, and dissolve them in the water for meas-
urement to prepare the standard solution.

Decomposition aid: Dissolve a prescribed amount of
potassium peroxodisulfate or other substances that can be
used for the same purpose, in the water for measurement up
to the concentration as specified for the instrument.

Gas for removing inorganic carbon or carrier gas: Nitro-
gen, oxygen, or other gases that can be used for the same
purpose.

Acid for removing inorganic carbon: Dilute hydrochloric
acid, phosphoric acid or other acids that can be used for the
same purpose, with the water for measurement down to the
concentration as specified for the instrument.

Apparatus

Sample container and reagent container: Use a container
made of the material which does not release organic carbon
from its surface, such as hard glass. Soak the container be-
fore use in a mixture of diluted hydrogen peroxide solution
(1 in 3) and dilute nitric acid (1:1), and wash well with the
water for measurement.

Microsyringe: Wash a microsyringe with a mixture of a so-
lution of sodium hydroxide (1 in 20) and ethanol (99.5) (1:1),
or diluted hydrochloric acid (1 in 4), and rinse well with the
water for measurement.

Procedure

Employ an analytical method suitable for the instrument
used. Calibrate the instruments using the standard potassi-
um hydrogen phthalate solution with the test procedure
specified for the instrument.

It is recommended that this instrument be incorporated
into the manufacturing line of the water to be tested.

Otherwise, this test should be performed in a clean circum-
stance where the use of organic solvents or other substances
that may affect the result of this test is prohibited, using a
large sample container to collect a large volume of the water
to be tested. The measurement should be done immediately
after the sample collection.

(1) Measurement of organic carbon by subtracting inor-
ganic carbon from total carbon

According to the test procedure specified for the instru-
ment used, inject a suitable volume of the sample for meas-
uring the expected amount of total carbon into the instru-
ment from sample injection port, and decompose organic
and inorganic carbon in the sample. Detect the generated
carbon dioxide with the detector, and calculate the amount
of total carbon in the sample using a data processor or a
recorder. Change the setting of the instrument for measur-
ing inorganic carbon exclusively, and measure the amount
of inorganic carbon in the same manner as total carbon. The
amount of organic carbon can be obtained by subtracting
the amount of inorganic carbon from that of total carbon.

(2) Measurement of organic carbon after removing inor-
ganic carbon

Remove inorganic carbon by adding the acid for remov-
ing inorganic carbon to the sample, followed by bubbling
the gas for removing inorganic carbon (e.g. nitrogen) into
the sample. According to the test procedure specified for the
instrument used, inject a suitable volume of the sample for
measuring the expected amount of organic carbon into the
instrument from sample injection port, and decompose the
sample. Detect the generated carbon dioxide with the detec-
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tor, and calculate the amount of organic carbon in the sam-
ple using a data processor or a recorder.

For the instrument where the removal of inorganic carbon
is performed in the instrument, first inject a suitable volume
of the sample for measuring the expected amount of organic
carbon into the instrument from sample injection port, ac-
cording to the test procedure specified for the instrument
used. Then, remove inorganic carbon by adding the acid for
removing inorganic carbon to the sample in the decomposi-
tion device, followed by bubbling the gas for removing inor-
ganic carbon into the sample. Decompose organic carbon,
detect the generated carbon dioxide with the detector, and
calculate the amount of organic carbon using a data proces-
sor or a recorder.

61. Test Methods for
Plastic Containers

Test methods for plastic containers may be used for
designing and quality assurance of plastic containers. Not
all tests described here will be necessary in any phases for
any containers. On the other hand, the set does not include
sufficient number and kinds of tests needed for any design
verification and quality assurance of any containers. Addi-
tional tests may be considered if necessary.

1. Combustion Tests

1.1 Residue on ignition

Weigh accurately about 5 g of cut pieces of the container
and perform the test according to the Residue on Ignition.

1.2 Heavy metals

Place an appropriate amount of cut pieces of the contain-
er in a porcelain crucible, and perform the test according to
Method 2 of the Heavy Metals Limit Test. Prepare the con-
trol solution with 2.0 mL of Standard Lead Solution.

1.3 Lead

Method 1: Place 2.0 g of cut pieces of a container in a
crucible of platinum or quartz, moisten with 2 mL of sulfur-
ic acid, heat slowly to dryness, then heat to combustion at
between 450°C and 500°C. Repeat this procedure, if necessa-
ry. After cooling, moisten the residue with water, add 2 to 4
mL of hydrochloric acid, evaporate to dryness on a water
bath, then add 1 to 5 mL of hydrochloric acid, and warm to
dissolve. Then add 0.5 to 1 mL of a mixture of a solution of
citric acid monohydrate (1 in 2) and hydrochloric acid (1:1),
and add 0.5 to 1 mL of a warmed solution of ammonium
acetate (2 in S). Filter through a glass filter if insoluble mat-

ter remains. To the obtained filtrate add 10 mL of a solution

of diammonium hydrogen citrate (1 in 4), 2 drops of
bromothymol blue TS and ammonia TS until the color of
the solution changes from yellow to green. Then add 10 mL
of a solution of ammonium sulfate (2 in 5) and water to
make 100 mL. Add 20 mL of a solution of sodium N,N-
diethyldithiocarbamate trihydrate (1 in 20) to this solution,
mix, allow to stand for a few minutes, then add 20.0 mL of
4-methyl-2-pentanone, and shake vigorously. Allow to
stand to separate the 4-methyl-2-pentanone layer; filter if
necessary, and use the layer as the sample solution. Separate-
ly, to 2.0 mL of Standard Lead Solution add water to make
exactly 10 mL. To 1.0 mL of this solution add 10 mL of a so-
lution of diammonium hydrogen citrate (1 in 4) and 2 drops
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of bromothymol blue TS, then proceed in the same manner
as for the sample solution, and use the solution so obtained
as the standard solution. Perform the test with the sample
solution and the standard solution according to Atomic Ab-
sorption Spectrophotometry under the following condi-
tions, and determine the concentration of lead in the sample
solution.

Gas: Combustible gas—Acetylene or hydrogen

Supporting gas—Air

Lamp: Lead hollow-cathode lamp

‘Wavelength: 283.3 nm

Method 2: Cut a container into pieces smaller than 5-mm
square, take 2.0 g of the pieces into a glass beaker, add 50
mL of 2-butanone and 0.1 mL of nitric acid, and warm to
dissolve. To this solution add 96 mL of methanol gradually
to precipitate a resinous substance, and filter by suction.
Wash the beaker and the resinous substance with 12 mL of
methanol followed by 12 mL of water, combine the wash-
ings and the filtrate, and concentrate to about 10 mL under
reduced pressure. Transfer into a separator, add 10 mL of
ethyl acetate and 10 mL of water, shake vigorously, and al-
low to stand to separate the water layer. Evaporate the
water layer to dryness, add 5 mL of hydrochloric acid to the
residue, and warm to dissolve. Then add 1 mL of a mixture
of a solution of citric acid monohydrate (I in 2) and
hydrochloric acid (1:1), and add 1 mL of a warmed solution
of ammonium acetate (2 in 5). Filter through a glass filter
(G3) if insoluble matter remains. To the solution so ob-
tained add 10 mL of a solution of diammonium hydrogen ci-
trate (1 in 4) and 2 drops of bromothymol blue TS, and then
add ammonia TS until the color of the solution changes
from yellow to green. Further add 10 mL of a solution of
ammonium sulfate (2 in 5) and water to make 100 mL. Add
20 mL of a solution of sodium N, N-diethyldithiocarbamate
trihydrate (1 in 20) to this solution, mix, allow to stand for a
few minutes, then add 20.0 mL of 4-methyl-2-pentanone,
and shake vigorously. Allow to stand to separate the 4-
methyl-2-pentanone layer, filter the layer if necessary, and
use the layer as the sample solution. Separately, pipet 5 mL
of Standard Lead Solution, add water to make exactly 50
mL, and to 2.0 mL of this solution add 10 mL of a solution
of diammonium hydrogen citrate (1 in 4) and 2 drops of
bromothymol blue TS, then proceed in the same manner as
for the sample solution, and use the solution so obtained as
the standard solution. Perform the test with the sample solu-
tion and the standard solution according to Atomic Absorp-
tion Spectrophotometry under the conditions described in
Method 1, and determine the concentration of lead in the
sample solution.

1.4 Cadmium

Method 1: To 2.0 mL of Standard Cadmium Solution
add 10 mL of a solution of diammonium hydrogen citrate (1
in 4) and 2 drops of bromothymol blue TS, and proceed in
the same manner as for the sample solution in Method 1 un-
der 1.3, and use the solution so obtained as the standard so-.
lution. Perform the test with the sample solution obtained
in Method 1 under 1.3 and the standard solution according
to Atomic Absorption Spectrophotometry under the follow-
ing conditions, and determine the concentration of cadmi-
um in the sample solution.

Gas: Combustible gas—Acetylene or hydrogen

Supporting gas—Air
Lamp: Cadmium hollow-cathode lamp



