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For the identification and determination of residues of degradation products 
in biological materials chromato_graphic methods have mainly been used*-g. A gas 
chromatographic (GC) determination of pentachlorophenol (PCP) in human urine 
and blood after derivatization to alkyd ethers was described by Crammer and Freal’O. 
Kawahara” prepared pentafluorotolyl ethers of some phenols and showed their 
excellent chromatographic properties. Langer et al.” described several methods for 
the preparation of trimethylsilyl ethers of phenols by reaction with trimethylchloro- 
silane or hexamethyldisilasane. The preparation of PCP trimethylsilyl ether for 
quantitative analysis by GC was described by Stark13. Rudling” developed a method 
for the determination of a PCP acyl derivative involving reaction with acetic anhydride 
in the presence of pyridine. Diinges and Bergheim-Irps15 described a methylation 
method using methyl iodide for the GC determination of barbituric acids. 

We have investigated the identification and determination of chlorinated 
phenols in meat and poultry liver contaminated with hexachlorocyclohexane (HCH) 
and hexachlorobenzene (HCB) residues from feeds by GC with an electron-capture 
detector (ECD), by thin-layer chromatography (TLC) and also by a combination of 
GC with mass spectrometry (MS) directly or after derivatization with methyl iodide. 
This technique is suitable for the determination of chlorinated phenols in microgram 
amounts. 

EXPERIMENTAL 

Isolation of clrlorinated phenols 
A 2-10-g amount (depending on the content of the substances to be determined) 

of poultry liver or meat was cut into small pieces and refluxed for 20 min with 10 ml 
of 1 M potassium hydroxide solution for each gram of the sample. After cooling the 
mixture, some boiling stones, 50 ml of 5 M sulphuric acid and 500 ml of distilled 
water were added and 400 ml of liquid were distilled off. After adjustment of the 
pH to 5 the distiIlate was extracted three times with 15 ml of toluene. The combined 
toluene extracts were filtered through anhydrous sodium sulphate and evaporated to 
1 ml in a rotary vacuum evaporator. This solution was used for the direct determi- 
nation of chlorinated phenols by GC and a suitable portion was submitted to deriva- 
tization with methyl iodide or diazomethane. 
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Deri~atization of PCP to pentachloroanisole (PCA) by methylation with methyl iodide 
Into a lo-ml conical flask was pipetted 1 ml of a 10 ,ug- ml-’ solution of PCP 

in ethanol and the solvent was evaporated. To the residue were added 3-5 mg of 
potassium carbonate, 0.5 ml of acetone and 1.5 ml of methyl iodide. The mixture was 
refluxed for 30 min and then evaporated to dryness; the residue was dissolved in 1 ml 
of ethanol and injected into the gas chromatograph. Standard PCP solutions of con- 
centration 0.5, 1 .O, 2.0 and 4.0 pg-ml-’ were treated in the same way. The results 
were used to construct a calibration graph. 

By using the above procedure, 2,4_dichlorophenol (DCP), 2,4,5- and 2,4,6- 
trichlorophenol (TCP) and the evaporated toluene extracts of poultry meat and liver 
samples were methylated. 

Deriratization of PCP to PCA by nrerhylation with diazornetharre 
A solution of diazomethane in diethyl ethe@ was added dropwise to 1 mi of 

a PCP solution in toluene (20 ,ug- ml-‘), until a pale yellow colour persisted. After 
standing for 1 h the solution was evaporated almost to dryness in a current of nitrogen 
on a sand-bath at 100°C. To the residue 1 ml toluene was added and this solution 
was injected into the gas chromatograph. 

Gas &romatograpJ~y 

A Carlo Erba GI 452 gas chromatograph was used under the following con- 
ditions: glass column, 180 x 0.3 cm I.D.; 63Ni ECD detector; detector voltage, IO V; 
column temperature, 150 and 200°C; temperature of injection block, 210°C; carrier 
gas (nitrogen) flow-rate, 60 ml - min-‘; chart paper speed 0.5 cm - min-* ; injection 
volume, 1 ,~l_ The following columns were used: (1) 4% SF-96 t 8 o/0 QF-1 on 
silanized Gas-Chrom P (SO-100 mesh)13; (2) 2 % QF-I + 1.5 % OV-17 on Chromo- 
sorb W AW (SO-100 mesh)“; (3) 4% SE-30 + 6% SP-2401 on Supelcon AW DMCS 
(100-120 mesh)ls; (4) 1% Igepal CO 800 + 1% orthophosphoric acid t 2 % Apiezon 
L on Chromosorb W (SO-100 mesh)_ 

The identification was completed by mass spectrometry using a quadrupole 
mass spectrometer combined with a Hewlett-Packard 5985 gas chromatograph. The 
separation of chlorinated phenols has been performed in the column 4 and in an 
SE-52 capillary column with direct entrance into the ion source. The carrier gas 
(helium) from the packed columns was separated in a jet separator. The vapours of 
the substances leaving the column were ionized at 70 eV and the ions produced, after 
separation in a quadrupole analyser accordin g to their m/e values, were detected by 
using an electron multlplier with a maximum amplification of 106. 

RESULTS AND DISCUSSION 

The results were evaluated according to peak heights with the aid of a cali- 
bration graph constructed from three points corresponding to concentrations of 
individual standards in the range 3.0-0.25 pg-ml-‘. The most suitable column for 
the separation of a mixture of 2,4-DCP, 2,4,6-TCP, HCB and PCP is column 4 
(Fig. 1). On this column 2,3,4- and 2,4,5-TCP produce a common peak. For the sepa- 
ration of corresponding anisoles, column 2 is the most suitable. 

After the derivatization of TCP and PCP with methyl iodide we analysed the 
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Fig_ 1. Separation of a standard mixture of chlorinated phenols and benzenes on a column packed 
with 1 WA Igepal CO 880 + 1 0A H3POa + 2% Apiezon L on Chromosorb W (6G-60 mesh). Peaks: 
1 = 2,4-DCP; 2 = 3,4,6-TCP; 3 = 2,3,4- -I- 2,4,5TCP; 4 = HCB; 5 = PCP. 

reaction mixture by GC and GC-MS, and obtained peaks with retention times 
differing from those of the original chlorinated phenols. The mass spectra indicated 
that they were the expected anisoles, trichloroanisole and pentachloroanisole. 

The methylation of chlorinated phenoIs with methyl iodide was also suitable 
for quantitative purposes and can replace the carcinogenic diazomethane. In GC the 
excess of methyl iodide does not interfere as its elution time corresponds with that of 
the solvent. The degree of conversion in the methylation with methyl iodide is 
76-80 %_ 

The elution peak of PCA in the samples of poultry liver (Fig. 2) is pvtly 

covered by that of HCB, the content of which is about lC0 times greater, as a result 
of its cumulation from the contaminated feed. 
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We also confirmed the identity of the substances examined by TLC on Sihrfol 
plates”. The separation of mixed chlorinated phenols was achieved by using n-hexane- 
benzene-ethyl acetate (6:4:1) as the mobile phase in the order 2,4-DCP (R, = 0.37), 
2,4,6-TCP (R, = O-45), 2,3,4-TCP t.R, = 0.51) 2,4,5-TCP (RF = 0.59) and PCP 
(RF = 0.65). 
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Fig. 2. GC of a sample of poultry liver from chicken fed with a feed contaminated with HCB after 
methylation with methyl iodide. Peaks: 2 = 2,4-DCP; 3 = 1,2,4,5-TeCB; 4 = 2,4,6-TCP; 5 = 
2,3,4- f 2.4.5TCP; 7 = PCA; 8 = HCB; 1,6,9 = not identified. 

The yield of the ch!orinated phenols was in the range 92-98 %_ The sensitivity 
of the GC method is I - 10e2 pg.g-’ and of TLC 0.5-5 pg*g-‘. 

The method was tested on samples of poultry liver and meat from laying hens 
in a feeding experiment with HCB in which chlorinated phenols as degradation prod- 
ucts after a thermal treatment were determined_ The presence of 2&DCP, 2,4,6-TCP 
and PCP was established20. 



198 NOTES 

REFERENCES 

1 W. Barthel, A. CurIey, C. L. Thrasher, V. A. Sedzak and R. Armstrong, J. Ass. Ofic. Anal. 
Chem., 52 (1962) 294. 

2 S. Hussain and M. Kifayatulia, J. Chromufogr.. 168 (1979) 517- 
3 A. W. Wolkoff and R. H. Larose, J. Chromatogr., 99 (1976) 731_ 
4 A_ Wu, J. J. Lech, A. Glickman and M. L. Pearson, J. Ass. Off. Anal. Cher?& 61 (1978) 1303. 
5 D. R. Emey, J. Ass. OjT. Anal. Chem., 61 (1978) 214. 
6 J. Hrivtirik and M. Michglek, Chromatographia, 3 (1970) 123. 
7 S. M. Dirmikis and A. Darbre, J. Chromatogr., 94 (1974) 169. 
8 W. Krijgsman and C. G. van de Kamp, J. Chromatogr., 131 (1977) 412. 
9 G. Matsumoto, R. Ishiwatari and T. Hanya, Wafer Res., 11 (1977) 693. 

10 J. Crammer and J. Frea!, Life Sci., 9 (1970) 121. 
11 F. K. Kawahara, Anal. Chem., 40 (1968) 2073. 
12 S. H. Langer, S. Connell and I. Wender, J. Org. Chem., 23 (1958) 50. 
13 A. Stark, J. Agric. Food Chem., 17 (1969) 871. 
14 L. Rudling, Wafer Res., 4 (1970) 533. 
15 W. Dtinges and E. Bergheim-bps, Anal. Letf., 6 (1973) 185. 
16 M. Sackmauerova and J. Uhmik, Zbornik z Konferencie Hydrochtimia, CSVTS, Bratislava, 1979, 

p. 269. 
17 A.Szokolay, J. Uhnak, M. Sackmauerowi and A. Maya%, J. Chromarogr., 106 (1975) 401. 
18 T. M. Shafik, Bull. Environ. Contam. Tosicol., 18 (1978) 57. 
19 M. Sackmauerowi, J. Uhnak and A. Szokolay, Zbornik z Konferencie Cudzorod& Lxitky v 

Porravindch. SVTS, KoSice, 1977, p. 119. 
20 A. Szokolay, J. Uhruik and M. Sackmauerova, &fift. Geb. Lebensmittelunters. HYE-, 71 (1980) 

253-259. 


