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SUMMARY

A new gas chromatographic method has been developed for the rapid and
accurate identification and determination of biphenyl and orthophenylphenol in
citrus fruits, ,

Several illustrations are given of standard curves and recoveries,

A check on overlapping components has been carried out by using a combi-
nation of gas chromatography and mass spectrometry.

The analytical results on eighteen samples of citrus fruits are tabulated.

INTRODUCTION

Biphenyl and orthophenylphenol (OPP) are widely used tungicicdes that prevent
the growth of moulds during storage and transport.

The tissue wrapping paper of the fruit or the paper pads that are placed be-
tween layers in boxes are usually impregnated witl these substances. Part of theinhib-
itors is adsorbed by the fruit and is located in the peel.

A review of the toxicity of biphenyl has been given by VAN STraTUM! and ar-
ticles on the toxicity of OPP have been published by Souct? and TrRunauT?,

Widely differing tolerances of residues have been legally established in various
countries tor biphenyl and OPP. In Great Britain, for instance, the tolerance is 100
p.p.m. for bipheny! and 70 p.p.m. for OPP. Belgium and other E.IE.C, members,
however, have established a tolerance of 70 p.p.m. for biphenyl and 12 p.p.m. for
oPP.

Many papers have been published on the identification and determination of
biphenyli-1 and OPP!-2 in and on citrus fruits, In almost all instances, biphenyl
has been isolated from the fruit by steam distillation and determined by conven-
tional methods. After acidification, OPP has been isolated by steam distillation and
generally determined by colorimetry.

Most of the identification methods previously used require a large amount of
material and the isolation of OPP is often difficult and time consuming, The present
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paper describes the use of an internal standard in the determination of biphenyl and
OPP by gas chromatography, which permits an analysis of a citrus fruit sample to
be completed within 2 .

EXPERIMENTAL

Principle of the method

The bulk of the citrus fruit is freed from biphenyl and OPI? by steam distil-
lation. After extraction of the distilled phase with light petroleum, the organic phase
is reduced to a small volume. Both inhibitors are determined by gas chromatography,
using benzophenone as the internal standard,

Reagents

The following reagents are used : an antifoaming agent; concentrated sulphuric
acid; light petroleum, boiling range 40-060°; anhyvdrous sodium sulphate; standard
solutions of biphenyl (0.8 mg/ml), OPP (0.2 mg/ml) and benzophenone (ro mg/ml).

Preparation of biphenyl and OPP standard curves

Place 5, 10, 15, 20, 25 and 30-ml volumes of the standard solutions of biphenyl
and OPP into six 1-litre round-bottomed flasks and add 350 ml of distilled water,
2 ml of concentrated sulphuric acid and 3 or 4 carborundum chips.

Carry out steam distillation for 40 min and extract the aqueous phase twice
with 100 ml of light petroleum. Scparate the extract and filter it through a layer of
anydrous sodium sulphate.

Add 1 ml of the standard solution of benzophenone and evaporate the light
petroleum until a volume of ca. T ml remains.

The preliminary experiments on the gas chromatography of the citrus extracts
were performed with a Hewlett-Packard Model 5750 gas chromatograph equipped with
a 15 ft. X 1/6in. stainless-steel column packed with 19, SIE-30 on Chromosorb Q,
8o-100 mesh. The temperature programme comprised 15 min under isothermal
conditions at 50°, a linear temperature increase from 50 to 300° at the rate of 8°/min,
and a final period of 15 min under isothermal conditions at 300°. The detector was
operated at 320°. The nitrogen carrier gas flow-rate was 40 ml/min and the hyvdrogen
and air flow-rates for the detector were 50 and 500 ml/min, respectively. The injector
port was operated at 300° 1 ul of the extract was injected into the chromatographic
column.

Biphenyl, OPI? and benzophenone are identified by their retention times, R4,
which are 21 min 4o sec for biphenyl, 25 min for OPP and 28 min for benzophenone.

The arcas of the gas chromatographic peaks are measured with an Infotronics
CR 405 integrator.

The concentrations of biphenyl and OPP are plotted on the abscissa, and the
ratios of the peak areas of biphenyl to benzophenone and OPP to benzophenone,
corresponding to the concentrations of biphenyl and OPP, are plotted on the ordinate.
By connecting the different points, standard curves for biphenyl and OPP are ob-
tained (Figs, T and 2),

The experimental error in the measured areas with the integrator system is

£ 2%-
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IFig. 1. Standard curve for biphenyl.

IFig. 2. Standard curve for orthophenylphenol (OPP]),

Preparation of citrus extract

Cut some fruits into very small picces and pulp them in an electric blender.
Transfer 200g of the pulp to a 1-litre two-necked round-bottomed 29/42 flask. Add
150 ml of distilled water, 2 ml of concentrated sulphuric acid, antifoam agent and
some carborundum chips, Steam distillation, extraction and gas chromatographic
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Fig, 3. Chromatogram of the extract of grapefruit,
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IFig. 4. Chromatogram of the extract of lemous.

analysis of the samples are carried out as described for preparing the standard curve.

Gas chromatograms of the extracts of grapefruits, lemons and oranges are
illustrated in Figs 3, 4 and 3.

A Varian Mat CH 5 mass spectrometer with a two-stage Frite separator® is
used to check the overlapping components. Conditions for the combined gas chromato-
graph-mass spectrometer were as follows:

Column: 4.5 m x 4 mm 1L.D. glass column

Stationary phase: 60-8o mesh Chromosorb W-AW

Liquid phasc: 5%, SLk-52

Injected amount: 0.5 gl

Temperature of column: programmed at 7°/min from 50 to 210°

Temperature of [Frite separator: 210°

Carrier gas: helium, flow-rate 45 ml/min

—t
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Source temperature: 250°

Emission current: 30 or roo uA

Llectron energy: 70 eV

Scan specd: 10 sec in the mass range mje 12-250,

RESULTS AND DISCUSSION

Accuracy of the method

A 1-kg amount of a citrus fruit was pulped. A blank test was carried out on
200 g of the pulp and the remaining 8oo g was divided into four portions of 200 g
cach. To each portion, 4o p.p.m. (8 mg) of biphenyl and zo p.p.m. (4 mg) of
OPP were added.

The procedures of steam distillation, extraction and gas chromatographic ana-
lysis of the sample were carried out as described above,

TABLE 1

RECOVERY OF BRIPHENYL AND OP? FROM CITRUS FRUITS RBY STEAM DISTILLATION

Citrus fruit Recovery of biphenyl  Recovery of OPP

200g) (%) (%)
Orange, Jatta 097.5 1ot
. 100 100
109 96
100 05
95’ 98.7
100 1Qn
L.emon, Jatfa 97.5 05
Grapetruit, Jalla 006 101
0. 100
99 g2.5
102,5 1oy
¢ (average) 09.1 ol.1
Standard deviation, Sw K 30

. &2
NN == s meren
H—1T

The recoveries of added biphenyl and OPP were determined as the differences
hetween the total amounts of compounds found on the citrus fruits and the amounts
found on the citrus fruits in the blank test.

Analysis of the extracts gave a recovery of 1009 of the amounts added, The
standard deviations, S, of the recovery results for biphenyl (4.1) and OPP (3.4) re-
main within the limits of experimental error.

Table I shows the results for the recoveries of added biphenyl and OPP by
steam distillation,

Interprelation of mass spectra

Comparison of standard spectra of biphenyl, OPP and benzophenone with the
spectra of biphenyl, OPP and benzophenone taken from citrus extracts shows that
the interference of overlapping peaks can be neglected.
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Fig. 6. Mass spectrum of biphenyl from the extract of lemons; 69 = interfuring fragment peaks,

The mass spectrum of biphenyl is characterized by the molecular ion peak at
mfe 154 and the fragment peaks at m/e 153, 152, 70, 155, 51, 63, 115, 125, 102 and
139. The mass spectra of biphenyl taken from the extracts of oranges and grape-
fruits are identical with the standard spectrum. However, the extract of lemons gives
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Fig, 7. Masy spectrum of OPP from the extract of oranges; 91 = interfering fragment peaks,
a spectrum that also contains fragment peaks at mfe 136, 121, 03 and 69 (Fig. 6),
which correspond to the mass spectrum of lavandulyl acectate. The arca of the over-

lapping peak of lavandulyl acetate is less than 2%, of that of the biphenyl peak and can
therefore be neglected.
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Fig, 8. Mass spectrum of OPP from the extract of grapefruits; o1 = interfering fragment peaks,
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The molecular ion peak at m/e 170 and the fragment peaks at /e 169, 141,
115, 63, 39 and 51 are the most characteristic of the mass spectrum of OPP,

The extract of lemons gives an identical spectrum. However, mass spectral
fragments at #i/e 204, 189, 161, 134, 119, 105 and roz2 (I'igs. 7 and 8) indicate that
d-cadinene may be part of the OPP peak taken from the extracts of oranges and grape-
fruits. Several experiments showed that the overlapping compound éd-cadinene
slightly influenced the area of the OPD peak.

The most intense peaks in the mass spectrum of benzophenone are the molec-
ular ion peak at /e 182 and the fragment peaks at mz/e 105, 77 and 51. The benzo-
phenone peak in the gas chromatograms of the extracts of oranges, grapefruits and
lemons show no interfering peaks,

Biphenyvl and OPP residues in citrus fruits

The results in Table 1T show that in most instances the E.LE.C. tolerances of
70 p.p.m. for biphenyl and 12 p.p.m. for OPP are not exceeded. IZxceptions are the
biphenyl residue found in the grapefruit sample from Cyprus (85 p.p.m.) and the OPP
residues found in the sample of Californian lemon (x5 p.p.m.) and Sanginelli orange

TABLE I
BIPHENYL AND OPP RESIDUES FOUND IN CITRUS FRUITS

Sample  Product to be analyzed  Biphenyl found  OPP found

No, {p.pom) (p.pom.)
1 Grapefruit, Jaffa 20 6.8
2 Lemon, Jatin 39 3
3 Orange, Jafin 47 4
4 Orange, Jafla 30 4
5 Qrange, Jatfa 34 o
6 Orange, Hamilin o o
7 Orange, Jafla 48 3
8 Grapefruit, Jaffa 35 5.8
[+ l.emon, California 4 1.8

10 L.emon, California 33 15

11 Grapefruit, Sanginelli o 16,8

12 Grapetruit, Cyprus 85 o

13 Clementine, Moroceo 0 o

14 Orange, Morocco 30 5.8

15 Orange, Greek 70 5.4

16 Orange, Sanginelli o 5.2

17 Grapefruit, Jatfa GJ0 9.6

8 L.emon, Morocco 28 o

(16.8 p.p.m.). Furthermore, the amounts of biphenyl and OPP residues determined
differ from one picce of fruit to another and from brand to brand, and also depend
on thie kind of citrus fruit. IYor instance, the OPP residues detected in Hamilin orange
(sample 6) and in Sanginelli orange (sample 11) are o and 16.8 p.p.m., respectively,
while the biphenyl residues in the Moroccan orange (sample 14) and in the Greek
orange (sample 15) arc 30 and 70 p.p.m. The bipheny! residues found in lemons from
California (samples g and 10) are 4 and 33 p.p.m., while the amounts of OPP arc 1.8
and 15 p.p.m,, respectively. I'rom the results, it can be concluded that only a small
percentage of the treated citrus fruit exceeded the E.IE.C, tolerances of 70 p.p.m.
for biphenyl and 12 p.,p.m. for OPP.
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CONCLUSION

The UV spectrometric method®* for the determination of biphenyl and the
colorimetric method?®® for the determination of OPI in and on citrus fruits are in
general the most used techniques in European countries.

However, the aim was to develop an analytical procedure by which the identi-
fication and determination of both fungicides could be ascertained simultaneously,
After several modifications of the steam distillation and extraction procedures, bi-
phenyl and OPP were identified by a new, rapid and accurate gas chromatographic
method,

The combination of gas chromatography and mass spectrometry has proved
that biphenyl, OPP and benzophenone are completely separated by gas chromato-
graphy and are slightly influenced by the overlapping peaks of the terpenes lavan-
dulyl acetate and d-cadinene. The advantages of speed, precision and reproducibility,
together with more than adequate sensitivity, have resulted in a system that is
designed to be applied as a method for routine determinations of biphenyl and OPP
in and on citrus fruits.
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