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THE USE OF REFEREE SAMPLES TO TEST AND COMPARE
THREE METHODS FOR ANALYSES OF

BIPHENYL IN CITRUS FRUIT

In order to compare the three methods for measuring the amount

of biphenyl residues found in citrus fruits shipped in fiberboard

containers treated with biphenyl, a number of known, or referee, samples

of various citrus oils with known amounts of biphenyl in them were

prepared. One lot was prepared by Dr. E. A. Beavens in the Fruit and

Vegetable Laboratory of the U. S. Department of Agriculture in

Pasadena, California, and the other lot was prepared by Dr. W. F. Newhall

of the University of Florida Citrus Experiment Station at Lake Alfred,

Florida. These samples were then analyzed at four places--at the

Pasadena Laboratory, Lake Alfred Laboratory, at the Monsanto Central

Research Laboratory in Dayton, Ohio and at The Institute of Paper

Chemistry in Appleton, Wisconsin.

The results of these analyses are contained in Tables I and II.

It should be noted that at the time these referee samples

were analyzed, the work on method development up to that time had been

done using Valencia oranges. The data indicate the greatest uniformity

of results in the referee samples containing Valencia orange oil.

It would appear that one of the causes for variation in

results is in the stage of the method in which the "interfering"

substances are oxidized by permanganate. Since this work was done

additional refinements have been added to the oxidation process which

have reduced the per cent of error, particularly in analyses of lemons

and, to a lesser extent, grapefruit.
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1238 ~~~~~~~~~~ANALYTICAL CHEMISTRY

curves, considierabile. afcltirtiy ha, been achieved in calculating
the biphenyl content of soiutionst containing known amounts of
biphenyl distiolvedt iii a variety of orange oils.

The measurement of the alssorption peak is arbitrary but con-
venient. It is dion., using a millimeter rule and measuring the
vertical distance between the( parallel lines shown in Figure 2.
A new standard tnt-y, must Ist prepsared for each group of samples
becauseof va-i atti on sit, ie maniz, join's r,-i's 51t' witIt time. Using
a 0.-mtnin. 5JpaC.,rausnlv,es atre accuratA' within the range of about

0.08 to 0.8% IbiphenVl. Samples more concentrated than 0.80/,
may be diluted with d-limonene.

LITERATURE CITED

(I) Assoc. O~fllc. Ain. Chemists, Washington, D. C., 'Methoda of
Analysis." 7th ed.. p. 479. I950.

(2) Knodel. L. iR.. and Elvno, F J.,ATTU. CurM.. 24, 1824 (1952).
(3) Steyn, A. I'., ,nd ito,,elet. F., A,lnolis. 74, 80-95 (1949).
(4) Tonikins, It. G., arid Iihe~rwood, F. A., Ibid., 70, 330-5 (1945).
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Quantitative Determination of Dissolved Oxygen in Nitrite-Containing
Water Using Acid-Chromous Reagent
HOSMER W. STONE and PAUL SIGAL

University of California, Los Angeles, Calif.

INA papser isy Stits ael Eitiiiilisrger (5) ,It the deternnination
usNf dismotlveil isxygit,t lt quisius soltiiIon it method wasdc

velojxitl for uiutatiitatively Ieterntiitiig dlissolveul ox ygen by
titrafiost %il tb stlatildiru solut ion tsf itriif-chIrtsntrni reagent.
HI'seV4:t, this ,tsTWioi~ d~id tot. give nircutra,i rtgeslts wihen, nitrites
were present Iis tie, watcr ranspsl. Tite puirposse esf this research

wastotiesigaiitstg'sii tstifint~r i ti et-gialmethod,
involving fit-st ith. cl'-i.-nstbatictl of tile Total tiiiohir of eequiva,
lcots tsf cliroisnos stililiot, tie,is-rv' ITs tilrt-at The ltitrite and

oxgnit ati alitquot I ...rt ist of tie' To~i~i ldii then the deter-
Mriettatitir of tite vI'ittivalenits riecclasarY it, titrate thel nitrite in an-
other aliqusot ;s...rtioir frot-t which tilt,! ixyget, hadl been removed
by botiling. Fromt titese, lat, the( lissttvveil nioleculir oxygen
comuld ie ic'ntarinseI hy difference.

If this Ma'ggo~1(1tfld moif licatiosn ;srivsl u tOnworkablesi, a method
was t4, se uni i -tigated (I f i ~loi-nitin g the diissolved oxygen di-
rectly after first lesttroyinsg the nit rites in the( water sample and
then deletnnittinrg tue( o~vgen. This nitrite destruction method is
essentially that suggested Isy Rititi-i and Stewart. (3). It itnvolves
the use (i iefniantgat. ie, tts &, st ro th nit, trite, atnd thito oxal ic
acid tet lest roy Ii.ith ems o~,f livi-magant Iit. Illis is follow ed by
the use (if tie, ttariganrtn sulfate, alkalitse-isolide Winklcr method
(6, 8, 9, 10) sf de14'ntsttirt1g lijssoIVtIl oxyvgent ill Ilist water sample.

EXPEHIMENTAL.

It) tin,! twit-ciirmutstu nmethodsi ,,,tdoYe, is)) Stonle anti Eichel-
begr(5) ,.arbt, dioli x ide, fr-to I rtos oxygeus, is run through the
li trtiti flask at, atnitt, of apps;roximratelv 400 nil. iser mi mute for
3 tiintitles bitfost' till, titration is startedt antd ,t. the "time rate
dlitri hg thit ti trat iisn. At' esti matetd excess tof 0.02.3! chiromium-
(Ii 'eaen -it is rut'i Ito tthe titration flask froni tue storsage I u ret

(,). 'll-vai til ne tlci'stry toC re act with the oxy gen of the
,ititlisle nil vis-l,i tot e,'c~,, is ditterttinined by a preimintanury titra-
io si. A .i-trl. tilill iot oSf thiIt water stmplp c is then atdied to the

elts4 of citri rni, tn.(I 1) ri-op ~t.
'I'lI,- excess iihIrotoiurn(iI) reagenuit reac~ts with ant excc'ss of

iii 0035 V' po tisie iun iotillate diispsetnsed front ta storage bu ret. A
t-3m Iall sif pot assilu itn ioidec is addi id and thoisoiline equ ivaletst to
the. excise iodaitte, titrated with the chromium( II) rengetit usirt 

st hits tint, ittiictitor. The total equivalents of cittomnium( II
tiwit Iii' etquivaletstIt of its ate equal tue i utu et- of equividensts of
sissesIV(.tI isxygett ill tlte iliquot.

During the preliminary work, it was founti] that tin endl-point
correrctiosu wasl necesstry. This cor-rectioni intreaseti with an
inereaise in the concentration of the stare.) its (liet retaction mixture.
This concentration wmm necessarily haigh because of the small
total volume of reactaints. This frictVr latid tue nsnny mesebanijeal
diifficultiess ctitred by the small size of the aliquot led to the in-
troduction of a larger scale in tim( method. The volume of the
sample was increased to 50 ml. andl thet tconcentration of the

chromiuns([I) reage-ntt ,as increased to 0.05.31 in chromium and~
in 0.1.1 hliydrtochtloric arid.

Use (of t lie! ioslate 4t rage hurect (4) was elimiinatedl, and instead
the mildte m its dfispneise from at plunger-ty.pe Pipet with a;
known volnitne sf lessq titan I ml. The 0.0035N iodate solution.
was kept fin an ot-dinar y glass-stoppered bottle. This meant
that tile ioidate solution was nearly saturated with dissolved
oxygen. iHow"ever, when the iolate was standardized against
the chrismiurri(1I) reagent and used in the titration of a 50-mi.
aliquot of water saosjse, the error introduced] by fluctuations in
the oxygen content of the iodate solution did not exceed 0.1%,
which is lest thitnt the random error.

Fi'igtre 1. lDiagranm if Titrutisn Filadk
Trap. ton, itjratmn fas pr-vrnts difission csf
air juno, titjitraio vesse. 'Jtbc ev torlT cap

1
-

iwr, rip i-o.II..
5

t initilroceit, i... o rgn
it is ioperiaalother ti.n

The grease used ott the stopcocks of the chromium( II) reagent
storage issrot vrititei a problem irt 'creeping' itito the 2-mi.
microinuret Isore, T'his difficulty' was overcome by substituting
Teflon-toatetl ,itopcoilk plugs, with pressure adaptors.

REVISED PROCEDURE

Oxygen-free nitrogen is passed through the titration flask (Figi
wie I) at the rate of approximately 400 ml C hut o

minutes before the titration is started ,and at th nae rt u
ing the titration. After the 3-minute deacrationpeid, net-
mated excess, determined by a preliminary titratin f00M
chromium(1l) reagents is run into the flask. A 5-I lqo

1236



MONSANTO CHEMICAL COMPANY
CENTRAL RESEARCH DEPARTMENT

Dayton, Ohio

A METHOD FOR THE DETERMINATION OF BIPHENYL IN ORANGES

By D. H. Beasecker

- Distribution -

J. G. Strange
G. B. Gibson
E. A. Bcavens
R. L. Jenkins
P. G. Benignus
L. W. Hazleton
W. F. Newhall
I. B. Johns
D. R. Beasecker

- The Institute of Paper Chemistry (4)
-Fourdrinier Kraft Board Institute
- U.S. Department of Agriculture, Calif.
- Monsanto Chemical Company, St. Louis
-Monsanto Chemical Company, St. Louis (2)
- Hazelton Laboratories
- Citrus Experiment Station, Florida
- Monsanto Chemical Company, Dayton
- Monsanto Chemical Company, Dayton (4)

Dr.

Mr.Dr.Dr.Dr.
Dr.
Mr.Dr.
Mr.



A METHOD FOR THE DETERMINATION OF BIPHENYL IN ORANGES

An ultraviolet absorption analysis has been developed for the
determination of biphenyl in oranges. The method is similar to
the tentative procedure previously reported except for a few
modifications. The procedure involves four steps; viz., (1) the
isolation of biphenyl by steam distillation, (2) the extraction
of the distillate with n-heptane, (3) the oxidation of orange
oil in the extract with potassium permanganate, and (4) the meas-
urement of biphenyl concentration in the extract. The first two
steps have been combined through use of a liquid-liquid type
extractor.

The method meets the following requirements of a "suitable
method" as set up at the meeting held at the Institute of Paper
Chemistry, April 6, 1953.

1. The method should be capable of measuring as little as
as one part per million of biphenyl in orange peel with
a limiting error of + 0.1 part per million (ppm.) at the
one part per million-level.

2. The method should be absolute; i.e., no correction for
orange oil interference should be required.

3. The method should be capable of analyzing as small a
sample as one unit of fruit.

4. The elapsed time for an analysis should be a maximum
of eight hours.

5. The method should be simple, so that it can be operated
in a reasonably equipped laboratory with technically-
trained personnel.

6. The method should be economical in terms of manpower,
equipment, and reagents.

7. The method should be specific for biphenyl.

8. The method should be easily calibrated against known
samples.

A ninth requirement which states that "the method should
be applicable to other citrus fruits" has not been met.
Preliminary studies with lemons show that interfering com-
ponents are present which are not readily removed by the
oxidation step.
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Procedure

1. Peel the fruit with a pair of fla -tipped forceps, avoiding
contact of hands with the peel as .:iuch as possible.

2. Weigh the peel within + 0.1 gms. and the pulp within +
1.0 gms. on a torsion balance. Treat the peel and puTp as
separate samples.

3. Mince the peel (or pulp) in a ring blender for approxi-
mately three minutes using 500 .'. of water as diluent for
the peel and 100 ml. for the pulp.

4. Transfer the mixture to a 2000 ml., 24/40 standard taper,
round bottom flask. Rinse blender thoroughly and dilute
contents of flask to approximately 1000 ml. with water.

5. Connect flask to extraction system.

6. Add approximately 40 ml. of water and 60 ml. of n-heptane
in that order to the extractor.

7. Connect extractor to an Allihn-type condenser. The water
and heptane may be added through the top of the condenser
if desired.

8. Extract for two hours. Regulate the reflux rate until con-
densation occurs in the middle bulb of the condenser. Under
these conditions approximately 1500 ml. of condensate pass
through the extractor. Most efficient extraction is ob-
tained by allowing the condensate to run down the sides of
the extractor rather than allowing it to drip directly into
the heptane.

9. Allow the system to cool for 15 i rates.

10. Drain the extractor at the stopc. Into a 125 ml. separa-
tory funnel.

11. Discard the water layer and drain h eptane into a 100 ml.
volumetric flask.

12. Rinse the condenser and extractor with 15 ml. of heptane by
pouring through the top of the condenser. Drain the rinse
liquid into the se: c"ory funnel, swirl, and then drain
into the volumetric ask.

13. Repeat step 12.

-- . - ... - - \ -t .. . . .
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14. Cool contents of flask to room temperature and dilute to
volume.

15. Add 50 ml. of three percent potassium permanganate solution
(solvent-50% acetic acid) to a 125 ml. separatory funnel.

16. Add approximately 15 ml. of the heptane extract and stopper.
A blank, using 15 ml. of heptane is prepared in the same
maimer.

17. Shake vigorously until the permanganate color disappears.
The reaction is completed within three or four minutes.
Release pressure in fumnel occasionally.

18. Allow to set for a few minutes and then discard the lower
layer.

19. Continue to add 50 ml. portions of permanganate solution in
the above manner until the permanganate color persists. Three
such treatments usually suffice for the peel extracts. One
treatment is adequate for pulp extracts and the blank.

20. Add 15 ml. of glacial acetic acid and one milliliter of six
percent potassium permanganate solution. Shake for approxi-
mately three minutes.

21. Add 75 ml. of water and shake vigorously for three minutes.
Drain bottom layer.

22. Repeat steps 20 and 21 if permanganate color does not per-
sist.

23. Add 50 ml. of two percent sodium carbonate solution, shake,
and discard bottom layer.

24. Pipette 10 ml. of the peel extract into a 100 ml. volumetric
flask and dilute to volume with heptane.

25. Measure the absorbancies of the diluted peel extract and the
undiluted pulp extract. With the Cary Recording Spectro-
photometer the following conditions were used:

a. Wavelength - 248 mu.
b. Slit - 0.52 mm.
c. Dynode - position 4
d. Cells - 10 mn. quartz
e. Reference solvents -

(1) For diluted extracts - the heptane used for
dilution

(2) For undiluted extracts - the heptane from blank
sample



26. Using the absorbance determine the milligrams of biphenyl

per 100 ml. of solution from the calibration curve.

27. Calculate the biphenyl content as follows:

Reading from curve X dilution factor X 1000 = pp of biphenyl

weight of sample in sample

Sample calculation -

The extract of 140.1 gm. of peel diluted 10-100 gave an

absorbance of 0.778 optical density units. This absorb-

ance is equivalent to 7.10 mg. of biphenyl per 100 ml.

of solution.

7.10 X 100/10 X 1000 = 50.8 ppm. biphenyl in
140.1 the peel

28. If the biphenyl content of the peel is less than 5 ppm., le-

peat steps 20 through 27, omitting 24, until the biphenyl

content is constant within + 0.1 ppm. This additional treat-

ment removes interfering traces of residual orange oil.

Calibration

Standard biphenyl solutions of the following concentrations were

prepared from a 0.0100% solution of biphenyl in heptane: 2.50,

2.00, 1.50, 1.00, 0.50, and 0.20 mg./100 ml. of solution. The

abosrbancy of each solution was measured using the conditions

given in step 25. A plot of absorbancy (optical density) versus

concentration of biphenyl showed perfect agreement with Beer's

Law.

Apparatus

1. A liquid-liquid extractor similar to the design of attached

drawing. Ace Glass Company sells a chloroform-water extrac-

tor which may be suitable. It is listed under Catalog

No. 6881.

2. Allihn condenser, 300 mm. long and fitted with 24/40 stand-

ard taper joint at the bottom. Fisher Scientific Catalog

No. 7-736.

3. Two-liter capacity, round bottom flasks with 24/40 standard

taper joint.

4. Separatory funnels, 125 ml. volume, glass stoppered.

-4-
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5. Volumetric flasks, 100 ml. volume, glass stoppered.

6. Cary Recording Spectrophotometer. A Beckman Model DU in-
tui-un'ent would be satisfactory.

7. One pair of one centimeter quartz absorption cells.

8. Waring Blender, or equivalent.

Reagents

1. Normal heptane from Fhillips Petroleum Company, pure grade,
99 mole percent minimum purity. The heptane is purified
further by shaking vigorously in a separatory funnel with

an equal volume of three percent potassium permanganate for

five minutes, draining the bottom layer, and then washing
with water and two percent sodium carbonate solution, res-
pectively .

2. Six percent potassium permanganate solution. Prepared by

dissolving 60 gms. of Baker and Adamson Reagent Grade per-
manlganate in a liter of distilled water.

3. Three percent potassium permanganate solution in 50 percent
acetic acid. Prepared by mixing equal quantities of six

percent permanganate (2) and glacial acetic acid. This
solution is not too stable and is prepared fresh every day.

4. Two percent sodium carbonate solution. Prepared by dis-
solving 20 gm. of Baker and Adamson Reagent Grade sodium

carbonate in a liter of distilled water.

5. Biphenyl, Monsanto Chemical Company product.

Test Data

Four mixtures of orange oil and biphenyl were prepared and ana-
lyzed to determine the efficiency of the oxidation. The results
are as follows:

% Biphenyl % Biphenyl
Sample % Oil Added Found % Error

A 4 0.120 0.120 0.0

B 4 0.080 0.080 0.0

C 4 0.040 0.039 -2.5

0.020 0.019 -5.0D 4
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The abs;orption of Sample B, before and after treatment, was
measured from 230 to 280 millimicrons. The spectra show the
effectiveness of the oxidation. See attached spectra.

The efficiency of the method was tested by adding heptane so-
lutions of biphenyl to samples of peel and pulp. Two untreated
Valencia oranges were used for each sample. The biphenyl values
reported in the table below have been calculated in terms of
the amount of peel (or pulp) sample used.

Type of
Test Sample

1

2

3
4

5
6
7
6
9

10IC

12

Peel

Peel

Peel

Peel

Peel

Peel

Peel

Peel

Pulp

Pulp

Pulp

Pulp

Biphenyl
Added (ppm.)

1000

500

300

100

50.0

11.0

1.73

1.00

1.06
0.41

0.20

0.20

Biphenyl
Found (pn.)

990
480
290

97

50.0

10.9

1.90

.90

1.10

0.39

0.19

0.18

The efficiency of the extraction was tested by analyzing bi-
phenyl treated Valencia oranges purchased from a grocer. The
usual two hour extraction was made. The heptane extract and
water were then drained from the extractor. The water was put
back into the extractor and fresh heptane added. The extrac-
tion was continued for a second two hour period. Each heptane
extract was analyzed for biphenyl. The peel of two oranges was
used fcr each test. The pulps were also analyzed, but only one
extraction was made. These tests show that the two hour ex-
traction is adequate.

Type Biphenyl from
Test Sample 1st Extraction

Biphenyl from
2nd Extraction

% Recovery of
1st Extraction

13 Peel
Pulp

124 Peel
Pulp

50.8 ppm.
0.32 ppm.

43.4 ppm.
0.48 ppm.

0.93 ppm.

1.48 ppm.

% Error

-4.0

-3.3

-3.0
0.0

-0.9

+9.8

-10.0

+3.8

-5.0
-10.0

98.3

96.6
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1.- K1ir.0;ij Treated
4ti~ Qij ± Od Biphenyl
Diluted 1-100

II. Untr-eated
4%/~' 011 + .0$84 Biphenyl
Dilljted 1-100)

Cell 1.0 cm.
Solvent n-Heptane

260 270 280
WAVELENGTH IN m

I

I
1

1..51al
:I-1
01
VI
0�i<I

230 c94 0 250 290
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