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The determination of polychlorinated biphenyl
by FID gas chromatography and effects of inter-
ferences. Katsuyoshi TATENUMA (Hitachi Laboratory,
Nippon Purle Co., Ltd., 1902-2, Kuji-cho, Hitachi-
shi, Ibaraki)

Biphenyl formed from dechlorination of polychlorinat-
ed biphenyl (PCB) was measured by gas chromatography
with flame ionization detector (FID). PCB in samples
was extracted with less than 5 ml of rn-hexane, and
the extract was transferred to a flask (volume 50 ml)
with a ground-glass joint and was adjusted to 5.0 ml
with n-hexane. To the solution, 1 ml of Vitride reagent
{709 NaAlH,(OCH;CH,OCHj), in toluene} was
added. The mixture was refluxed for 1 hour at 100°C,
and cooled to room temperature. The reaction mixture
was then hydrolyzed by adding 10 ml of water under
cooling, followed by addition of 1.5 ml of 6 N hydro-
chloric acid under vigorously shaking to neutralyze
the solution.
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The formed biphenyl in hexane layer was measured
by FID gas chromatography (Column 59, SE-30
3 m x4 mm id., Column temp. 145°C). As chlorinated
benzenes, BHC, aldrin and biphenyl interfered the
determination of PCB, silica gel column chromato-
graphy was performed before dechlorination to remove
such interferences. The hexane extract was applied
on a silica gel column (2.5 g of Wakogel S-1 activated
at 130°C for 15 hrs.), and elution was carried out with
130 ml  of n-hexane. Chlorinated benzenes were
eluted in the first fraction (0~30) ml, and PCB and
DDE in the next fraction (30~130) ml. DDE, however,
had no interference for dechlorination and determina-
tion of PCB. Aldrin, BHC and biphenyl were retained
in the column under the elution cendition.
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Fig. 1 Titration curves
I : Titration curve for uranium(IV)-(VI); 2 : Titra-
tion curve for plutonium(III)-(IV); 3 : Titration
curve for uranium-plutonium mixture; A : Volume

of 0.1 M cerium(IV) sulfate from start point to
uranium end point; B : Volume of 0.1 M cerium(IV)
sulfate from start point to buret replacement; C :
Volume of 0.02M cerium(IV) sulfate until plutonium
end point; a, a’ : Potential at uranium end point; b,
b’ : Potential at plutonium end point
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Table 1 Effect of time on titration
Time of Sample
Titration mode titration :
(min) Taken (mg) Found (mg)
. U :43.37 42.56
Continuous 3 Pu : 1203 15.74
: 5 U :43.37 42.17
Stepwise 5 Pu : 12.03 14.38
10 U :43.37 43.08
Pu:12.03 13.53
15 U :43.37 43.32
Pu :12.03 12.13
20 U :43.37 43.61
Pu : 12.03 12.10

43 FEBHRDOBER
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x7c\ (Fig. 2).
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Fig. 2 Effect of titrant

1 : Titration curve with cerium(IV) sulfate; 2 : Titra-

tion curve with potassium dichromate; 3 : Titration

curve with potassium permanganate
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Fig. 3 Effect of bubbling time of nitrogen to

remove dissolved oxygen

1 : Nitrogen was bubbled (100 ml/min) through sample
solution for 20min; 2 : For 10 min;
4 : Nitrogen was bubbled through sample solution
5 : Not bubbled

3 : For 5min;

during titration but not before;
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youun(Il) ik AR 2 & SRR IEIT TL 505
FDEEIMETE 5.

4.8 HEBEOREUE
B4 BEE B, ZRPCE L, mEHvy

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

wmox

Table 2 Effect of foreign ions

Ion Amount added Effect

NO;- 0.5mmol U : Low result
Pu : End point masked
Cl- 5 mmol U : No interference, titration curve is
sharper
Pu : No interference
F- 0.1numol U and Pu: U+Pu can be obtained,
but end point for U is masked
80,2~ 2.5mmol U and Pu : No interference

U and Pu : No interference
U : High result
Pu : Low result due to high U result

Mn2+ 10 mg
Cu?+ 0.5mg

Fe3+ 1 mg U : No interference
Pu : High result proportional to Fe3+
concentration
A% 0.5 mg U : High result
Pu : End point masked
Pyt 0.08 mg U and Pu : No interference
0.75mg U : Low result
Pu : Endpoint masked
Snt+ 5mg U and Pu : No interference

10 mg U and Pu: U+Pu can be obtained,
but end point for U is masked
Moé+ 0.1 mg U and Pu : High result
Wwe+ I mg Precipitate, U and Pu : No interference
5mg Precipitate, U: No interference
Pu : High result

Uranium (28.1 mg) and plutonium (7.5 mg) were taken for this

experiment.

LU I OREMNEDBENEAVNE L L5720, 1
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MRMEOBEEERCEEL, 1V, 1 2mA OEkKz
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Table 3 Determination of Pu and U in synthetic solutions

Sample taken R.S.D. Error Pu determined
(mg) Pu (%) Found (mg) (n=5) (mg) (%)
Pu: 3.86 3.73, 3.71, 3.86, 3.90, 3.86 2.25 —0.05
Average 3.81
7.59 : 7.50
U :46.99 47.05, 47.08, 46.97, 47.01, 46.97 0.10 +0.03
Average 47.02
Pu: 7.72 7.70, 7.76, 7.62, 7.67, 7.70 0.66 —0.03
Average 7.69
14,11 14.05
U :46.99 46.99, 47.15, 47.08, 47.01, 47.04 0.14 +0.06
Average 47.05
Pu:11.58 11.56, 11.57, 11.61, 11.52, 11.57 0.28 —0.01
19.77 Average 11.57
U :46.99 ' 46.70, 46.88, 46.93, 47.00, 47.09 0.31 —0.07 19.77
Average 46.92
Pu: 19.3] 19.26, 19.35, 19.18, 19.39, 19.47 0.51 +0.01
Average 19.32
29.13 29.09
U :46.99 47.09, 47.10, 47.15, 47.02, 47.09 0.10 +0.10
Average 47.09
Pu:19.31 19.48, 19.37, 19.48, 19.49, 19.48 0.26 +0.15
Average 19.46
50.67
U :18.80 18.94, 19.01, 18.94, 18.91, 18.89 0.24 +0.14 50.68

Average 18.94

R. S. D.=Relative standard deviation (%)
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Determination of uranium and plutonium by
sequential potentiometric titration. Yoshiharu
KATo and Masao TakaHAsHI (Japan Atomic Energy
Research Institute, Tokai-mura, Naka-gun, Ibaraki)

The determination of uranium and plutonium in
mixed oxide fuels has been developed by sequential
potentiometric titration. A weighed sample of uranium
and plutonium oxides is dissolved in a mixture of nitric
and hydrofluoric acids and the solution is fumed with
sulfuric acid. After the reduction of uranium and
plutonium to uranium(IV) and plutonium(IIl) by
chromium(II) sulfate, 5ml of buffer solution (KCI-

KAGAKU

Vol. 25 (1976)

HCIl, pH 1.0) is added to the solution. Then the
solution is diluted to 30 ml with water and the pH
of the solution is adjusted to 1.0~1.5 with 1 M sodium
hydroxide. The solution is stirred until the oxidation
of the excess of chromium(II) by air is completed.
After the removal of dissolved oxygen by bubbling
nitrogen through the solution for 10 minutes, uranium
(IV) is titrated with 0.1 N cerium(IV) sulfate. Then,
plutonium is titrated by 0.02 N cerium(IV) sulfate.
When a mixture of uranium and plutonium is titrated
with 0.1 N potassium dichromate potentiometrically,
the potential change at the end point of plutonium is
very small and the end point of uranium is also unclear
when 0.1 N potassium permanganate is used as a
titrant. In the present method, nitrate, fluoride and
copper(II) interfere with the determination of plutonium
and uranium. Iron interferes quantitatively with
the determination of plutonium but not of uranium,
Results obtained in applying the proposed method to
50 mg of mixtures of plutonium and uranium {(7.5~
50)}% Pu were accurate to within 0.15 mg of each

clement.
(Received Feb. 21, 1976)
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