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Objectives This study analyzed the effect of living in the same household with a worker employed in an 
electrochemical factory on the hexachlorobenzene (HCB) concentrations of serum in the general population of 
Flix, Spain. 
Methods A total of 608 subjects from the general population (response rate 42%) completed a questionnaire about 
residence, occupation, life-styles, and medical history and provided blood samples. Among them, 412 had never 
worked in the electrochemical factory. Information about the occupation of the family members was completed, 
and the subjects were classified with the degree of relationship with the worker having been taken into account. A 
multiple linear regression analysis was conducted to model HCB serum for nonfactory workers. 
Results Having a spouse who worked in the factory was associated with elevated HCB concentrations in serum. 
The adjusted relative increases were 1.28 (P=0.0004) and 1.23 (P=0.0022) times the corresponding value of people 
not living with workers of the factory, respectively for spouses of current and past workers. Relatives other than 
spouses did not show any increase. 
C O ~ C ~ U S ~ O ~ S  The results of this study suggest that, among nonworkers, living with a worker of the electrochemi- 
cal factory in Flix is associated with an increase in concentrations of HCB in blood. These findings may suggest a 
source of exposure to HCB that has thus far not been studied and that could be important in populations not 
occupationally exposed to organochlorines. 
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Hexachlorobenzene (HCB) is a chlorinated hydrocarbon, 
formerly used as a fungicide, that accumulates in the bi- 
ological system. The major source of HCB contamina- 
tion is industrial emission as a by-product related to the 
manufacture of organochlorinated products. Little infor- 
mation is available on the health effects of HCB expo- 
sure on humans, except from an earlier experience in 
Turkey (1,2). Concern has spread that the health of work- 
ers' families may be  adversely affected as a result of 
workers' exposure to hazardous substances. The adverse 
effects could be produced directly through genetic dam- 
age at conception or indirectly, when toxic substances 
are carried home on the bodies, clothing, or vehicles of 

workers (3,4).  This kind of exposure is known as "para- 
occupational exposure" or "home contamination" (5 ) ,  and 
examples of such exposure exist for lead (5) ,  asbestos 
(6), beryllium, arsenic, KeponeB, synthetic estrogens, 
and polychlorinated compounds (4). No information is 
available on para-occupational exposure to hexachlo- 
robenzene, but evidence from studies dealing with chlo- 
rinated solvents (4) would suggest that indirect exposure 
may occur more commonly than suspected. A study on 
the health effects of HCB has been carried out in Flix 
(Catalonia, Spain), a rural population highly exposed to 
HCB due to the presence of an electrochemical factory 
(7). In the present study we  analyzed the effect of living 
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with a worker of the electrochemical factory on the HCB 
serum concentrations of people who had never worked 
in this factory. 

Subjects and methods 

A cross-sectional study was carried out on the 4178 in- 
habitants over 14 years of age in Flix in June of 1994. 
The details have been reported elsewhere (7). Briefly, 
subjects from a random sample of this general popula- 
tion (N=777) were asked to provide blood samples and 
to answer a questionnaire about residence, occupation, 
life-style and medical history. The questionnaire was 
completed by 549 subjects (70.5% response rate), and 
328 of the 549 gave blood samples (42.1% response rate). 
In addition, from the rest of this general population, 1251 
subjects completed the questionnaire, 280 of whom also 
provided biological samples voluntarily. No differences 
were seen in the socioeconomic and occupational varia- 
bles or the occurrence of chronic diseases between the 
subjects from the random samples with and without bio- 
logical samples (eg, mean age 50.1 and 47.9 years, re- 
spectively) nor in the HCB serum concentrations between 
the 328 subjects of the random sample and the 280 vol- 
unteers (eg, geometric mean of HCB 16.9 nglml and 16.6 
nglml, respectively). The present study was based on the 
608 subjects who provided blood samples. Of them, 412 
had never worked in the electrochemical factoly, and 190 
did not live with any worker of the factory. 

Information about the occupation of the family mem- 
bers or subjects living with the 412 subjects included in 
the study was obtained through the questionnaire, and in 

268 cases (64%) it was validated against information 
obtained from the Primary Health Care Center and the 
Labor Union Committee of the factory. The agreement 
between these 2 sources classifying employment status 
in the electrochemical factory was fairly good [kappa 
index 0.78, P<0.0001, for agreement in 3 categories (cur- 
rent worker, past worker, never worker) and 0.83, 
P<0.0001, for agreement in 2 categories (ever worker, 
never worker). We classified the subjects who had never 
worked in the factory according to the degree of rela- 
tionship with the worker and the occupational situation 
(spouse of a current worker, spouse of a former worker, 
other relatives of a current worker, other relatives of a 
former worker, with not living with a worker of the fac- 
tory as the reference category). When a person lived with 
more than one worker (N=13, 12 with 2 relatives and 1 
with 4) of the factory, the category of closest relation- 
ship was considered (the closest category being the 
spouse of a current worker). 

The HCB serum concentrations were analyzed by a 
gas chromatograph coupled to an electron capture detec- 
tor as previously described (8). The initial descriptive sta- 
tistical parameters were computed. Because the distribu- 
tion of the HCB serum concentrations was skewed to the 
right, natural logarithmic transformations were used in 
the analysis. A multiple linear regression analysis was 
conducted to model HCB serum for the nonworkers. On 
the basis of previous results on the determinants of HCB 
exposure in this population (9), the variables taken into 
account included gender, age (in years plus 2 dummy 
variables: >64 and <26 years), body mass index (in kilo- 
grams per square meter), loss of weight in the last 12 
months (yes or no), consumption of fish caught in the 
local river (yes or no), residence (living closer than 1500 

Table 1. Concentration of hexachlorobenzene (HCB) in serum in a population (N=608) living near an electrochemical factory. 

N Age (years) HCB concentration (nglml) 

Mean SD Geometric Maximum Percentiles 
mean value 

25 50 75 

General population 
Male 249 50.2 17.7 21.5 1485 9.8 19.0 36.3 
Female 
All 

Non-factory workers 
Male 80 39.8 18.2 8.1 57.3 3.6 8.6 14.6 
Female 332 47.9 17.3 14.3 180 9.5 15.5 21.8 
All 41 2 46.3 17.7 12.8 180 8.2 14.4 20.9 

Living with a worker of the factory 
No 190 46.8 18.4 11.2 92.3 7.6 12.3 17.3 
Yes 222 46.0 17.2 14.4 180 9.4 15.9 23.2 

S~ouse  of a current worker 73 39.3 8.5 15.0 180 10.8 14.4 21.1 
Spouse of a former worker 101 60.6 9.3 21 .I 101 16.8 21.4 27.0 
Relative other than spouse 
of a current worker 17 20.4 3.6 5.3 10.8 3.5 6.3 8.0 
Relative other than spouse 
of a former worker 3 1 27.8 13.6 6.3 23 0 3.7 6.5 9.2 
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meters from the factory or not), educational level (pri- 
mary level or less versus secondary level or higher), use 
of pesticides (yes or no), and parity of women (0, 1, 2, 
and 23 children). A core model was fitted for the HCB 
serum concentrations by entering the variables one by 
one. Variables with a P-value lower than 0.2 were kept 
in the core model. In a 2nd step, variables related with 
the work of family members were introduced into the 
core model. A sensitivity analysis was carried out that 
took into account the condition of living with more than 
one worker of the factory. Analyses stratified by gender, 
age group (<45, 45-64, 265 years), and sample group 
(random or not) were also performed. 

Results 

Table 1 shows the mean age and the crude distribution 
of the HCB concentrations in the serum of the studied 
population. Among the people not working in the facto- 
ry the concentrations were higher in the women than in 
the men. The concentrations of subjects living with work- 
ers of the factory averaged 3 nglml higher (expressed as 
the geometric mean) than those of people not living to- 
gether with a worker. The spouses of former workers 
were the group with the highest concentrations. Regard- 
ing age, relatives other than spouses tended to be young- 
er, while the spouses of former workers tended to be old- 
er. 

Table 2 presents the results of the multiple linear re- 
gression for the HCB concentration in the serum of peo- 
ple not working in the factory. The final model for the 
men and women together explained 58% of the variabil- 
ity of the HCB serum concentrations. Being the spouse 
of a worker of the factory was significantly associated 
with the HCB concentrations (adjusted relative increas- 
es of 1.28 and 1.23 times the corresponding value of peo- 
ple not living with workers of the factory for spouses of 

Table 2. Associationa between living with a worker of an electrocl 
In) in serum - multiple linear regression. 

current and past workers, respectively). Being a relative 
other than a spouse was not associated with an increase. 
The relation was similar for both genders. 

The sensitivity analysis taking into account the con- 
dition of living with more than one worker of the facto- 
ry yielded the same results as those shown in table 2. 
Among the women, the analysis stratifying by age group 
showed that the relationship was strongest among wives 
of current workers younger than 45 years of age (adjust- 
ed relative increase of 1.49, P<0.0001). The same analy- 
sis for men was not possible due to the small numbers. 
Finally, the stratified analysis by sample group (random 
or nonrandom) showed similar results for both groups. 

1 Discussion 

In this study we found an association between spouses 
living with workers of a electrochemical factory in Flix 
(Spain) and the HCB concentration in their blood serum. 
When a series of predictors of the HCB concentration 
were taken into account, the association was higher for 
spouses of current workers than for those of former work- 
ers. Other members of the family did not have an elevat- 
ed HCB concentration in their blood. This finding sug- 
gests that important life-style factors, such as food, may 
not be an explanation for this finding. One hypothesis is 
that exhaled breath may be a cause of exposure to or- 
ganic compounds (10). In a study simulating workers' 
exposure to perchloroethylene and modeling home con- 
centrations, Thompson & Evans (1 1) found that a work- 
er's body burdens may be sufficient to explain elevated 
home concentrations. It is important to note that, in a pre- 
liminary study conducted in 4 houses in Flix, the con- 
centrations of indoor HCB were much higher in the hous- 
es of workers than in those of nonworkers (unpublished 
data), and therefore workers seem to carry some pollu- 
tion home, either by breath or by clothes. 

iemical factory and the concentration of hexachlorobenzene (HCB) (in 

Relationship with workers in same Males Females Males and females combined 
householdb 

N Coefficient SE P-value N Coefficient SE P-value N Coefficient SE P-value 

Spouse of a current worker 1 1.44 0.69 0.0399 72 0.23 0.07 0.0005 73 0.25 0.07 0.0004 
Spouse of a former worker 2 0.89 0.56 0.1179 99 0.18 0.06 0.0031 101 0.21 0.07 0.0022 
Relative other than spouse 
of a current worker 5 0.23 0.37 0.5324 12 -0.07 0.16 0.6327 17 0.09 0.15 0.5427 
Relative other than spouse 
of a former worker 7 0.15 0.36 0.6726 24 -0.10 0.11 0.3128 31 -0.02 0.11 0.8503 

Constant HCB levelsc . 1.96 0.21 . 2.40 0.08 . 2.1 1 0.08 
Adjusted coefficient of determination . 0.45 . 0.58 . 0.58 

a Adjusted for gender, age, body mass index, loss of weight, residence, educational level, and a dummy variable for a woman with 4 workers in her 
household. The use of pesticides and parity did not enter the model (P>0.2). 

bConsidering only the highest category of relationship for each person. 
HCB concentrations (in In) of nonfactory workers without family members in the electrochemical factory. 
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The increase found represents around 25% of the av- 
erage concentration in this general population of Flix, but 
in absolute terms it is a greater quantity than the mean 
of the HCB concentrations found in other general popu- 
lations studied (12-14). As has been reported elsewhere 
(9), the serum HCB concentrations of this population, 
even of nonworkers, were the highest ever described. 
This fact may reflect inadequacies in the working proc- 
esses of the factory. 

No differences were observed between the subjects 
from the random and nonrandom samples, (7) and no dif- 
ferences were observed when the analysis was done sep- 
arately for the 2 groups. A potential source of confound- 
ing could arise from direct exposure of spouses of work- 
ers in the buildings of the factory. Workers' relatives 
could enter the factory more often than nonrelatives, but 
this occussed rarely. 

In conclusion, this study suggests that, among non- 
workers, living with a worker of the electrochemical fac- 
tory in Flix is associated with an increase in the HCB 
concentration in blood. This association is particularly 
notable for spouses of workers. What these results rep- 
resent in terms of public health is not clear, but it merits 
being taken into account as a source of exposure to HCB, 
and probably other organochlorinated compounds, in 
nonoccupationally exposed populations. 
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