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Hexachlorobenzene is a fungicide frequently used for the treatment of 
seeds, specially for cereals against Tilletia foetidae and Tilletia caries, as 
well as being part of commercial forms of other fungicides and herbicides, 
as a contaminant (WHO, 1974). 

HCB is a compound with a recognized toxicity, presenting a DLs0 = 10,000 
(EPA, 1984) when administered orally to rats and having produced cases 
of massive poisoning caused by the diversion for human consumption of 
seeds treated with this preparation. Besides acute effects, long-term 
pathogenic effects have been described and according to the International 
Agencie for Research on Cancer (1978), sufficient evidence of 
carcinogenicity for HCB has been found in test animals. These effects could 
have more relevance than the acute ones, since HCB is generally present 
at residual levels. In this sense, FAO/WHO withdrew the previously 
allocated conditional ADI in 1978 because the toxicity of HCB is such that 
contamination of food should be kept as low as possible. 

The presence of HCB in milk and dairy products has been reported recently 
by different authors in Spain (Pozo et al., 1985, BARCEL6 and GARCiA, 
1987, GARRIDO, 1990, DE LA RIVA and ANADON, 1991 ) and in other countries 
(FRANK et al., 1985, FYTIANOS et al., 1985, DOGHEIM et al., 1988, PINTO et 
al., 1990). 

The aim of this study was to find out the present levels of HCB in cheeses 
produced in Spain and to evaluate their possible repercussions on human 
health. 

MATERIALS AND METHODS 

146 samples of Spanish cheeses were investigated, 64 of which 
corresponded to industrially-made cheeses, and the remainder, n = 82, 
were farm-produced cheeses included in the Catalogue of Spanish cheeses 
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(Spanish Ministry of Agriculture, Food and Fisheries, 1990). The samples 
were acquired in ordinary commercial outlets, and kept at 4 ~ up to 
analysis or frozen at -20 ~ when it was not possible to analyze them 
immediately. Fat of the cheese was extracted according to Pozo et al. 
(1985). 45 g of cheese were mixed with previously purified anhydrous 
Na2SO4, homogenized with acetone and petroleum ether, transferred to a 
separation funnel and liquid-liquid partitioned with bidistilled water. The 
organic layer was evaporated in a vacuum evaporator, and the fat was kept 
at -20 ~ in glass vials up to analysis. All the reagents were analytical grade 
and suitable for residue analysis. The glassware was cleaned and prepared 
according to GARRIDO (1990). Simultaneously, the percentage of fat in the 
samples was determined using specific butirometers for cheese (DR N. 
GERBER), previously validated by gravimetrics methods. For the extraction 
and purification of the HCB residues, a process of hydrolysis with H2SO 4 
was used, which permitted the treatment of larger volumes of fat than other 
methods and therefore to increase the detection limit of the technique. 2 g 
of fat were dissolved in 20 ml of n-hexane in a 25 ml screw-tapped glass 
tube. Then, 1 ml of H2SO 4 was added, the tube was closed and shaken in 
an orbital mixer for 30 sec. Subsequently centrifuged at 3,000 rpm for 10 
minutes in a labofuge A (RERAEUS) centrifuge. 10 ml of the supernatant was 
taken and placed in a gauged glass vial for its concentration to 2.5 ml in a 
sand bath at 45 ~ 

A HEWLE'I-r-PACKARD gas chromatograph, mod. 5890, equipped with a ~Ni 
ECD and a glass column 2 m x 2 mm internal diameter packed with 5 % 
QF-1 on Chromosorb W-AW 80-100 mesh, was used. The experimental 
conditions programmed were 225 ~ in the injector and detector, and 190 
~ in the oven. The carrier gas (Argon:methane, 95:5) flow was 40 ml/min. 
5 pl of each of the extracts were injected in the chromatographic system. 
The quantification was made by the external standard method, using a 
standard (SUPELCO INC.). Confirmation was carried out using another column 
with the same physical characteristics as the one used in the analysis but 
packed with 3 % SE-30. 

The recovery of the method was determined by fortification of cheese with 
known concentration of HCB (2 ng/g of cheese). The cheese was subjected 
to fat extraction, acid hydrolysis and chromatographic analysis, these 
processes being carried out in quadruplicate. The mean recovery was 96.9 
+ 9.5 % (CV%=9.8). 

For the establishment of the detection limit we followed the least amount 
detectable method (CASTRO et al., 1989), obtaining a detection limit of 0.5 
ng/g of fat, and considering 1 ng/g as the quantification limit, because it was 
the lowest level for which the linearity of the system was shown. 

For the evaluation of the possible diferences in the concentrations detected 
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in the two groups of cheeses studied, a single analysis of variance was 
used, and later a Scheffd test. 

RESULTS AND DISCUSSION 

The results expressed on fat basis are presented in Table 1. The means 
and the ranges together with the number of positive samples are shown. 

All the samples of Spanish cheeses contained HCB residues, with a mean 
of 9.26 ng/g fat basis, the maximum level detected was 36 ng/g. Of the two 
batches of cheeses tested, the industrial ones showed significantly (p < 
0.001) higher levels of HCB than the farm-produced cheeses. This fact 
could be due to the mixing of milk used for the making of cheeses in the 
large dairy industries, where considerable amounts of milk from different 
sources are used. 

Table 1. Concentration of HCB in groups of Spanish cheeses 

Number of ng/g fat basis 
positives Mean (Range) 

Industrially-made 
cheeses (n=64) 64 12.48 (4 - 36) 

Farm-produced 
cheeses (n---82) 82 6.76 (1 - 24) 

Total (n=146) 146 9.26 (1 - 36) 

Fig. 1 shows the frequency distribution of the levels of HCB detected, the 
majority of the samples had concentrations ranging from 1 to 10 ng/g. 

The levels detected signify a decrease with respect to those found in 
investigations made recently in Spain. Pozo et al. (1985) carried out similar 
research on cheeses in Spain and drop of 94.4 % in the mean HCB 
concentrations in the time separating both studies has occurred. GARRIDO 
(1990) detected 19 ng/g as a mean of HCB on a fat basis in samples of 
sterilized Spanish milk. These results signify almost double the levels found 
by us, and this coincides with the mean life of this fungicide reported by 
FRANK et al. (1985). These authors demonstrated that once the use of HCB 
in agronomic purposes ceased, it disappeared from the environment at a 
rate of 50 % every 3 years. 

In Spain and the rest of the EC the maximum residue limit (MRL) for HCB 
in this type of food is fixed at 0.25 IJg/g on fat basis (Directive EC 86/363, 
1986), and this value was not exceeded in any of the 146 samples of 
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Figure 1. Frequency distribution of HCB levels detected in Spanish cheeses. 
(I = industrial cheeses; F = farm-produced cheeses; T --- total) 

cheese analyzed. Furthermore, the amounts detected signify in all the cases 
less than the 0.01% of the ADI recommended until 1978 by the FAO/WHO 
(1992) for this compound which is 0.6 pg/Kg live weight. For the estimation 
of the dairy intake a mean weight of 70 kg, a mean percentage of 33.7 of 
fat in cheese and a mean consumption of cheese of 5.23 kg/person per 
year were considered (Spanish Ministry of Agriculture, Food and Fisheries, 
1989). 

The HCB levels detected do not seem to imply any direct risk to the 
consumer's health, although long-term repercussions of a continued 
consumption of small amounts of HCB are not fully known. This fungicide 
is considered as possible carcinogen, so FAO/WHO recomends that HCB 
levels in food must be the reduced as lowest as possible. 

It can be seen how, in comparison with the results of previous research, we 
find ourselves in the process of a gradual decrease in the levels of HCB in 
the environment which can be extended to dairy products, as a result of the 
prohibition of the use of this preparation for agricultural purposes. 

It is to be pointed out, however, that although we observed lower levels than 
those found by Spanish researchers in the 70's and the 80's, the fact that 
there were residues of this fungicide in all the samples analyzed indicated 
a high degree of its dispersion in the environment. An increase in the 
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percentage of residue detection was observed with respect to the 
experiments of Pozo et al. (1985) and GARRIOO (1990), this authors 
detected HCB in the 68.9 % and 57,7 % of the cases, respectively. This 
could be due to an improvement in the sensitivity of our method with 
respect to those employed by other authors, and to the appearance of HCB 
as an impurity of the fungicide Pentachloronitrobenzene (PCNB) (Pozo et 
al., 1985), as well as an industrial contaminant, since Hexachlorobenzene 
is often used in the chemical industry as a base for the manufacture of 
other compounds. In the opinion of FRANK et al. (1985) the industrial use of 
HCB might be the fundamental cause of environmental contamination at the 
present time. HCB could also be present in food as a result of its use as a 
fungicide, in spite of its prohibition in Spain. 

We consider that it is necessary to control the sources of environmental 
contamination by HCB since although only low concentrations of this 
organochlorine compound were found in the samples of cheese tested, this 
contaminant has been seen to be highly dispersed in the environment. 
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