
D@%ER~IINATION 01; BII’HISNYL AND ORTMOPMENYLIJHENOJ~ 
IN CITRUS FRUI’I’S BY GAS CI-lRO~IA’I’OCRAI’I-iY 

A new gas cllromatogral,llic mctliod has been developed for the rapid and 
accurate idcntilication and determination of biplw~_vl and ortlic~l~lien_yll~l~cnol in 
citrus fruits, 

Scvcrnl illustrntions are given of standard curves and rccovcries. 
A clicclc on overlapping conilxxicnts has lxxn carried out by using a combi- 

nation of gas clironiatogq~liy and mass spectromctry. 
Tlic analytical results on ciglitccn samples of citrus fruits arc ,talxhtcd. 

Biplicnyl and ortlioI~lienylI~licriol (OPP) arc wiclcly usccl fungiciclcs that prevent 
tlic growtli of moulcls during storngc arid traiwport. 

The tissue wrapping pper of tlic fruit or tlic palxx pads tllat arc placccl lx- 
twccn layers in 1x1s~~ are usually imprcgnrttecl with these sulwtuiiccs. 1Jart of tlic iiiliib- 
itors is adsorbed by the fruit and is locntecl in the peel. 

A review of the t&city of 13iplwnyl leas hecn given by VAN STRATUaI1 and nr- 
titles on the tosicity of OPP have hen IwlAishccl by SOUCI~ and TIZUWAU’T”. 

Wiclcly cliffcring tolcmnccs of residues 1ia.w 11ccii Icgnlly cstnblisliccl in various 
countries for biplicnyl nncl OPP. Iii Grent Britain, for instnncc, tlic tolcrancc is 100 
ppm. for I~iphenyl and 70 p+pm. for OPP. Belgium w~l other E.l?=,C, rnemlxrs, 
Iiowevcr, have estal~lisliecl R tolerance of 70 li,p,m. for I~iplicnyl ancl x2 l3.p.m. for 
OPP. 

Many papers lii~vc hecn pulAislicc1 on the identification nricl cletermination of 
I,iplxxlylJ-1.1 and OPI’~fi-~~~ iii awl on citrus fruits. In nlmost all instances, biplienyl 
has been isolatccl from tlic fruit by steam clistillation and clctcrminecl by conven- 
tional mctliocls, After nciclification, OPP hns been isolated hy steam clistillation iulcl 
generally determined by colorimctry, 

Most of the iclcntification methods previously usccl require iL lnrgc amount of 
material ancl the isolation of OI-‘IJ is often clif’licult nncl time consuming. Tlic present 
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paper clcscribcs tllc use of an intcrnd StiLllChrCl in tlic clctcrminatiori of l~iphcnyl and 
OPP by gas cllromntograpll)., wl~ich permits an analysis of a citrus fruit sample to 
bc complctccl. within 2 Ii. 

The bulk of the citrus fruit is frcccl from biplwnyl nncl 01’1’ by steam distil- 
lation. After estrnction of the clistillccl phase with light petroleum, the organic please 
is reducccl to a small voluiiic. l3otli inhibitors are clctcrmincd by gas chroiiiatograpl~y, 
using l~cnzol~licnnnc as the internal stanclarcl, 

Rcngcttts 
Tlw following rcagcnts ilW used : im antifoaming ilgcnt : concentrated sulplmric 

acid ; light petrolcuni, boiling range _to-Go” : anhydrous sodium sulpliatc; stanclarcl 
solutions of biplicnyl (OS mg/ml), 01’1’ (0,2 mg/nil) illlC1 l~cnaoplwiwnc (I0 nig/ml). 

Pvc~nmtion of bi~ho~~d nrrd OFP sfnmlcrvd c~wz’cs 
Place 5, 10, 15, 20, 25 nncl30-ml volumes of tlic stilnclarcl solutions of biplicnyl 

ancl OH’ into sis I-litrc rouncl-bottomccl flasks and add 350 ml of clistillcd wntcr, 
2 ml of coiiccntrntecl sulplmric ncicl and 3 or 4 rarhruncluni chips. 

Carry out steam distillation for 40 min ancl cstract tlic aqueous plinsc twic’c 
with I00 ml of light pctroleuni. Scparnte the cstrnct and filter it through a layer of 
anydrous sodium sulpliate. 

Aclcl 1 ml of tlic stanclnrcl solution of Ixmxoplicncmc and cw~poratc tllc light 
ptrolcum until a volunic of c12. I ml rcllli~ilis. 

The prcliminnry csperimcnts on the gas cllromatogrnpl~~ of the citrus estracts 
were performccl with a Hewlett-Packard Rloclcl 5750 gns cllrotllatogrnph cquippccl with 
8 15 ft. x I/C, in. staiiilcss-steel colunin pacliecl with 1% SE-30 on Cliromosorl~ Q, 
So-100 mesh. The tcmpcraturc ]~l+0griulllllC comprised 15 min unclcr isothermal 
conditions at 5o”, a liiienr tempcraturc incrcnsc from 50 to 300~ at the rate of S”/min, 
and a final pcriocl of 15 min uncler isothermal conditions at 300~. The cletcctor was 
opcratecl at 3200. The nitrogen carrier gas flow-mtc was 40 ml/min and the hydrogen 
and air flow-rates for tllc detector were 50 and 500 ml/min, respectively, The injcctol 
port was operated at 300~. I pl of the cstrnct was injcctccl into the cllromntogrnphic 
column. 

Biplienyl, 01’1’ ancl benzopl~enonc are iclentifiecl by their rctcntioii times, Rql, 
which are 21 min 40 set for I>iplicuyl, 25 min for OPP and 2Y min for 1~eii~o~~l~eiiotIc. 

The areas of the gas chromatograpllic pcalts arc measurecl with tm Infotrunics 
CR 405 integrator. 

The concentrations of biplwnyl and 01’1’ are plottecl cm the abscissa, and tlw 
ratios of the peak areas of biplicnyl to l~enzopl~enone nncl OPP to lxxwc~pllcnonc, 
corresponding to the concentrations of biphenyl nncl OPP, are plotted on the ordinutc. 
By connecting the cliffcrcnt points, standard curves for biphcnyl and OPP are ob- 
tained (Figs, I and 2), 

The experimelital error in the measurccl arcas with the integrator system is 

4 2%. 
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Fig. I. Stancliwcl cur\‘c for 1Jiplwnyl. 

Fig. 2. Stantlwcl curve for ortl~oplicnyl~~l~cnol (OPP). 
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Cut some fruits into very small pieces MICE pulp them in an clcctric blcncler. 
Transfer zoog of the pulp to a I-litrc two-neclcccl rouncl-bottomccl q/42 flask. Add 
I j0 1111 of distillccl water, 2 ml of conccntratccl sulphuric acicl, antifoam agent and 
some cnrboruncluni chips. Steam clistillation, cstraction nncl gas cllrclmatogral,liic 
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Pig, 3, Clwo~nntograni of tlw cxtrnct of grqicfruit. 
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analysis of tlic snmplcs arc carriccl out as clcscrilxcl for prqxwing tlic standard curve. 
Gas cllro~ii~~tojiranis of tllc cstrncts of gapefruits, Icmons wxl oranges are 

illustrntccl in Figs 3, 4 and 5. 
A Varinn RInt CH 5 mass spcctromctcr with a two-stage I;ritc sepr:bP:’ is 

usccl to check tlic ovcrlnpping conilxmf2nts. Conclitions for tlic combined gas chromato- 
gril,pIl-IllnSS spcctromctcr vfcro il.W ff~lloWS: 

c01un111 : 4.5 111 x _t n1n1 I.D. glass co1ullllI 

Stationary I~hasu : Cm-So mcsl~ Clironiosorl~ W-ACV 
Liquicl pliasc : 5 (7” SE-52 
Injectccl amount : 0.5 pl 

Temperature of column : plY~gW.tllmcd Ut 7”/min from 50 to 3 IO0 

Tcmpcraturc of Frite scpnratnr : 210~ 
Cnrricr gas : Iicliuni, flow-rate 45 ml/min 

1.1 1.1 . ,. 1 . . . 
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S0urcc! tcnl~lCr”~CLlrr! : 250° 

Emission current : 30 or I00 +A 
Electron cncrgy : 70 CV 
Scan speccl : I0 see in the mass range 111/c 12-250. 

RI?SUI.TS AND I~ISCUSSION 

A r-kg amount of a citrus fruit was pulped. A Mnnk tcwt was carried out on 
200 6 of the pulp and tlic remaining So0 g was clividccl into four portions of 200 6 
each. To each portion, 40 p.p.m. (8 mg) of biphenyl and 20 p.p.m, (4 mg) of 
OPP were nclclccl . 

The proccdurcs of steam distillation, cstraction and gas chromatograpl~ic ani~- 
lysis of the sainplc wcrc cnrricd out ttb clcscribccl above. 

The rccovcries of aclclccl I~iplwnyl and 01’1’ wcrc clctcrmincd as the diffcrenccs 
lwtwccn the total amounts of conil~ouncls found on tlic citrus fruits and tlic amounts 
founcl oil tlic citrus fruits in the 11laiik test, 

Analysis of the extracts gave R rccovcry of roo”/b of the amounts added, Tllc 
standarcl clcviations, S, of the recovery results for biphenyl (4.1) and OPP (3.4) rc- 
main within the limits of cspcriniental error, 

Table I sl~ows the results for the rccovcrics of adclccl biphenyl and OPP lq 
steam clistillatioii. 

Comparison of standard spcctw of biplicnyl, OPP nncl benaol~lienone with the 
spectra of biphenyl, 01’1’ and bcnzolhenonc taken from citrus e.xtracts sl~ows that 
the interference of overlapping peaks can bc ncglcctccl, 
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139, The nii~ss spectra of biplmiyl tAm from tlw cstracts of orangges and grap- 
fruits are iclcntical with the stnnclarcl spectrum, I-Iowevcr, the cStri1C.t of lemons gives 
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a spectrum that also contains frngnicnt pcalzs at 118/l: 130, 121, 93 ;tncl Gc) (Fig:. 6), 
which corrcslmncl to the mass slxctrurn of lavanclulyl ncctatc. TIE mm of the cwcr- 
lapping IX.?d< of I~V~UlClUl~l aCCtatC is ICS tll:tll 2x, Of tllilt of tllC I>iphnyl lxx,l< and Ci111 

tlicrcforc Ix ncglcctccl. 



l’lic molecular ion 11c;~k at W/C 170 and tlic fragment peaks at W/C IGg, 141, 
Irg, 63, 39 and 51 are tllc most characteristic of the mass spectrum of OH?. 

TIE extract of lemons gives an idcnticnl spectrum. However, mass spectral 
fr&pCtltS at nr/c 204, ISg, 161, 134, 119, 105 and I02 (1:igs. 7 ,znd 5) indicate that 
d-cndincnc may 1x2 part of the 01’1’ pca.1~ taken from the extracts of oranges and gmpe- 
fruits. Several espcrimcnts showed that tllc overlapping compouncl d-caclincnc 
sliglltly influenced the arca of the 01’1’ peak. 

Tlic most intense peaks in tllc mass spectrum of bcnzolh2nonc are the molcc- 
ular ion peak at W/C ISZ and the fragrncnt peaks at ~JZ/C 105, 77 and 51. The benzo- 
phenonc peak in tlic gas cllromato~ran~s of tlic cstrncts of ornngcs, grapefruits and 
lemons show no intcrfcriiig pl.liS, 

U~+UJ+ ntrtl OPP vcsiducs irl citvm frvrits 

Tlic results in l’al~lc II show that in most instances tlic B.15.C. tolerances of 
70 p.p,m, for bipllcnyl aricl I2 ppm. for 01’1’ arc not cxceccled. Exceptions are the 
bipllcnyl residue founcl in the grapefruit snmplc from Cylxus (85 p.p.m.) and the OPP 
rcsiducs founcl in tlic snmplc of Californian lcnion (1s p.p.m.) ancl Sanginclli ornngc 
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(I&S lhp.m.), I~urthcrniorc, the amounts of biphcnyl and OPP residues clctcrminecl 
differ from one piccc of fruit to another and from brancl to brand, and also dcpcncl 
on tllc kind of citrus fruit. For instance, the OPP rcsiclucs clctcctecl in Mamilin orange 
(snmplc 6) ancl in Sanginclli orange (sample II) arc o rind IG,S ppm., respectively, 
while tllc biphcnyl resiclucs in the Moroccan orange (sample 14) and in the Greek 
orange (sample IS) arc 30 ancl 70 p,p,m, TIE biphcnyl rcsiducs found in lemons from 
Cnlifornia (samples g ancl 10) are 4 and 33 p.lxm., wliile the amounts of OPP arc IS 
n11cl 15 p.p.111,, respectively, l’rom the results, it can lx concluded that only a small 
percentage of the treated citrus fruit esceeded the E.E,C, tolerances of 70 p,p.ni. 
for biphcnyl and I2 p,p.ni. for OPP. 



CONCLUSION 

The UV spcctronwtric nictlwcP !-or tlw clctcrmi~~ation of l~ipl~c~~yl and tllc 
colorinwtric nietl~ocl’2u for the dcterniiniitioll of 01’1’ in and on citrus fruits are in 
geimd the most used teclmiqucs in I5umlmm countries. 

However, the aim was to clcvclol~ ;in nnnlytical lmccclurc ly whicll the idcnti- 
lication aiicl clctcriiiinntion of htll fungicides could lx nsccrtainccl simultaneously. 
Rftcr several nioclificntions of tlw steam distillation wcl extraction proceclurcs, Id- 
plienyl and OPP were iclcntiliccl by a new, rapid and accur:dc gas cllromatograpllic 
nletllocl, 

Tlic conil~ination of gas cllroniatojir;ll~ll~~ and niiw sl~ectrcmietr\* lws provccl 
tllilt l~il~lieiiyl, Ol’P ancl l~ciii)~~l~licnoiie arc cc.mll~lctely sclmratccl lq* gas chrcmato- 
graphy and arc slightly influcmcecl by tllc overlapping lxxl~s d tllc tcrpcncs lavan- 
duly1 ncetatc and kaclincnc. Tl~2 nclvaiitrrgcs of spcccl, precision ancl reIxoclucil~ilitv, 
together with more than zdequatc sciisitivit>*, have rcsultccl in a system tliat ‘is 
clesignecl to be appliecl as ;1 tiietliod for routine cletcriiiinations of bipllcnyl and OPP 
in ancl on citrus fruits. 

l’lic wtlior tlinnlss hlr, hl. C. TEN Nmvm 1x2 l3ItAt.w of tlic Central Institute 
for Nutrition ;uicl I~oocl Rcscnrcl~ TX0 of Gist for assistance in obtaining tlic mass 

spectra, am1 hII%. J. CossI3Ix, Director of tlw 1~00~1 Scctioii of tlic Institute of Hygiene 
ancl I~I~iclcniiology, wlw assistccl in niucl~ of tlw work rcI~ortcc1. 


