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Objectives   In the 1970s and 1980s, people in a village in southern Finland had been exposed to high concentra-
tions of chlorophenols in the drinking water and in fish from a nearby lake. An ecological analysis and a case–con-
trol study conducted around 1990 indicated significant excess in the incidence of non-Hodgkin’s lymphoma and 
soft-tissue cancer in the municipality and a relationship between the chlorophenol exposure and the incidence 
of these cancers. The present article reports a follow-up of cancer risk in the same study area during a 20-year 
period after the closing of the old water intake plant, which was contaminated by chlorophenols.
Methods   The observed and expected numbers of cancer were obtained for three periods, 1953–1971 (before 
exposure), 1972–1986 (during exposure) and 1987–2006 (after exposure), for all cancers combined and sepa-
rately for cancers potentially related to chlorophenols.
Results   The present study demonstrates that all of the cancer risks returned to the average population level 
during the 20-year period after the old water intake plant was closed and chlorophenol exposure stopped. 
Conclusions   The rapid changes in cancer risk after changes in chlorophenol exposure suggest that chlorophe-
nols may have a promotion effect in the carcinogenic process. 

Key terms   cancer registration; cancer risk; chlorophenols; ground water; population exposure; promotion ef-
fect.
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At the end of 1987, high concentrations (70–140 µg/l) of 
chlorophenols were accidentally found in ground water 
in Järvelä, an industrial village with 2000 inhabitants 
located in the southern Finland municipality of Kärkölä 
(5300 inhabitants). Most of the people in Kärkölä got 
their daily drinking water from this ground water. Chlo-
rophenol levels between 56 000 and 190 000 µg/l were 
found deep in the ground water between the main em-
ployer in Järvelä, a sawmill using chlorophenols, and the 
water intake plant of the village. The sawmill produced 
plywood, chipboard, and lumber. 

From the 1940 until 1984, a fungicide “KY-5” had 
been used to inhibit the growth of bluestain fungus in 
timber. The main active component of the fungicide is 
2,3,4,6-tetrachlorophenol, with minor components of 
pentachlorophenol and 2,4,6-trichlorophenol. Impuri-
ties such as polychlorodibenzo-p-dioxins (PCDD) and 
polychlorodibenzofurans (PCDF) have been also found 
in technical and commercial products. Lake Valkjärvi, 

downstream from the village, was also found to be con-
taminated with chlorophenols, and the concentrations 
were 2.6 to 11.0 µg/l. Fish from the lake contained chlo-
rophenols from 175 µg/kg (perch) to 925 µg/kg (zander) 
per wet weight (1). 

The community was exposed to chlorophenols 
(2,3,4,6-tetrachlorophenol, 2,4,6-trichlorophenol, and 
pentachlorophenol) probably—according to sediment 
analyses (2, 3)—for at least 15 years via drinking water 
from the waterworks and fish from Lake Valkjärvi (1, 
2). There was no exposure to PCDD or PCDF (1, 3, 4). 
People exposed to the ground water with chlorophenols 
had symptoms similar to those observed among persons 
with occupational chlorophenol exposure (5).

A two-part investigation of cancer risk in Kärkölä 
was conducted immediately after the population ex-
posure with chlorophenols was confirmed (6). An eco-
logical analysis at the municipality level revealed that 
the incidence of soft-tissue cancer and non-Hodgkin’s 
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lymphoma in the municipality of Kärkölä was sig-
nificantly higher than in the rest of the cancer-control 
region. A subsequent case–control analysis showed a 
significantly elevated risk of non-Hodgkin’s lymphoma 
among persons who consumed fish from the contaminat-
ed lake or who were exposed to chlorophenol-contami-
nated drinking water [combined risk ratio (odds ratio) 
for these factors 6.9, 95% confidence interval (95% CI) 
1.1–74 (6)]. These exposures may also have played a 
role in the development of soft-tissue cancers.

In the 1970s, several case–control studies reported an 
association between chlorophenols and non-Hodgkin’s 
lymphoma and soft-tissue sarcoma, but, later, the risk 
was usually attributed to their minor impurities, PCDD 
and PCDF (“dioxins”) (7). Recently, an association 
between occupational chlorophenol exposure with soft-
tissue sarcoma was reported from a large study in the 
United States (8), but no strong evidence was found for 
an association with non-Hodgkin’s lymphoma (9). 

Demers et al (10) studied the carcinogenicity of 
pentachlorophenol and tetrachlorophenol in a cohort 
of sawmill workers. The exposure was mainly (95%) 
interpreted to be dermal. It is noteworthy that dioxins 
do not penetrate skin easily (11). There was an expo-
sure–response relationship for non-Hodgkin’s lym-
phoma, multiple myeloma, and kidney cancer (10). 
There was a decreased risk of soft-tissue sarcoma, but 
the number of cases was low. The effect was interpreted 
to be due to chlorophenols themselves, not to dioxin im-
purities. Richardson et al (12) performed a population-
based case–control study on non-Hodgkin’s lymphoma. 
Among several of the chemicals assessed by exposure 
scores based on occupational history, chlorophenols 
were associated with non-Hodgkin’s lymphoma. 

As yet, the only study measuring dioxins in a popula-
tion-based prospective case–control study individually is 
that of Tuomisto et al (7), which was based on 110 cases 
of soft-tissue sarcoma and 227 controls. In that study, 
the highest risk was found in the quintile with the lowest 
dioxin levels. Thus some evidence is accumulating that 
chlorophenol-related cancer risk may be due to the main 
chemical and not to the dioxin impurities.

In this article, we report a follow-up of cancer risk 
in the same study area during a 20-year period after 
the closing of the old water intake plant with chloro-
phenol contamination. Since then, tap water has been 
taken from a separate ground-water area, and people 
have not been exposed to chlorophenols via drinking 
water. There was also a recommendation given by the 
local health authorities that fish from the polluted lake 
should not be eaten. According to some animal studies 
with pentachlorophenol (13, 14), chlorophenols have a 
promoter effect in cancer development. Our hypothesis 
was that the excess risk should disappear soon after the 
exposure ended. 

Materials and methods

The observed and expected numbers of cancer in the 
Kärkölä municipality were obtained for three periods, 
1953–1971 (before exposure), 1972–1986 (during ex-
posure) and 1987–2006 (after exposure), from files of 
the Finnish Cancer Registry for all cancers combined 
and separately for colon cancer [International Classifica-
tion of Diseases, 10th revision (ICD-10) C18], bladder 
cancer [includes ureter and urethra (ICD-10 C66–C68)], 
soft-tissue cancer (ICD-10 C48–C49), Hodgkin’s lym-
phoma (ICD-10 C81), non-Hodgkin’s lymphoma (ICD-
10 C82–C85, C96), and leukemia (ICD-10 C91–C95). 
These are the same cancers that were included in the first 
study on the chlorophenol-exposure episode in Kärkölä 
(6). The expected numbers were based on the gender-, 
age-, and calendar-year-specific cancer incidence rates 
in the Tampere cancer control region (1.2 million in-
habitants), to which the Kärkölä municipality belongs. 
Standardized incidence ratios (SIR) were calculated as 
ratios of the observed-to-expected numbers of cases, 
and exact 95% confidence intervals were defined under 
the Poisson assumption concerning the numbers of 
observed cases.

Results

The overall cancer incidence in the Kärkölä municipality 
was similar to that expected in each consecutive period. 
During 1972–1986, the incidences of soft-tissue cancer 
(SIR 3.19, 95% CI 1.17–6.95) and non-Hodgkin’s lym-
phoma (SIR 2.08, 95% CI 1.14–3.49) were significantly 
increased (table 1). During 1953–1971, the incidence 
of colon cancer (SIR 1.90, 95% CI 1.14–2.96) was in-
creased significantly. 

None of the site-specific SIR values were signifi-
cantly increased during the last (after exposure) 20-
year period (table 1). The SIR values for the first and 
second 10 years of the period 1987–2006 did not dif-
fer significantly for any of the cancer sites. For non-
Hodgkin’s lymphoma, the SIR value for 1987–1996 
was 0.52 (95% CI 0.14–1.32), and for 1997–2006 it 
was 1.02 (95% CI 0.49–1.88). Both cases of soft-tis-
sue cancer were diagnosed in 1997–2006 (SIR 1.27, 
95% CI 0.15–4.58).

Discussion

Both the observed and expected numbers of cancers 
were based on the files of the Finnish Cancer Registry. 
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The coverage of the national Finnish Cancer Registry is 
virtually complete (15), and there should be no varia-
tion in coverage over time or region. Although the di-
agnostic practices and even terminology used in cancer 
diagnostics has changed over the decades, these factors 
should not bias our relative risk estimates because the 
observed and expected numbers are based on exactly the 
same diagnostic and registration procedures and there 
is no difference in these aspects between Kärkölä and 
the reference municipalities. Hence we believe that the 
numbers presented in this paper are accurate. 

The population in the municipality of Kärkölä has 
been stable, and observations for the update period 
(1987–2006) have mainly been based on the population 
that has been living in Kärkölä for decades. We did not 
find any essential variation in the SIR patterns within 
the update period. There were no significant interactions 
with age either. We know from the earlier study (6) that 
sawmill work or exposure to fungicides elsewhere was 
not associated with an increased risk of any cancer. Only 
one of the soft-tissue sarcomas was related to sawmill 
work. 

Although minor changes may occur along with 
the very newest cancer registrations that come in, or 
as a consequence of continuous quality-control opera-
tions in the entire cancer registry database, this study 
repeated the findings of a significantly elevated risk 
for non-Hodgkin’s lymphoma and soft-tissue cancer 
during population exposure to chlorophenols that were 
observed in the original study (6). No explanation could 
be found for the elevated colon cancer risk before the 
exposure. A novel finding was the unincreased incidence 
of these cancers in the period after the chlorophenol 
exposure was stopped.

Our current results offer further evidence of chlo-
rophenols as a cause of malignant lymphoma and soft-
tissue cancer. The action of chlorophenols is consistent 
with the promotion effect demonstrated in some animal 
studies (13, 14). The promoter role of the chlorophenols 
fits with the observation that the incidence of non-

Hodgkin’s lymphoma and soft-tissue cancer returned to 
the expected level soon after the population exposure to 
chlorophenols via tap water was over. 

There has been a long discussion on the carcinogenic 
potential of polychlorinated dioxins (PCDD or PCDF). 
In most epidemiologic studies, it has only been possible 
to study the effects of a mixed (occupational) exposure 
involving both dioxins and chlorophenols. Therefore, 
information on pure exposures to dioxins and pure 
exposures to chlorophenols is of importance in relation 
to the significance to the cancer risk of either group of 
chemicals or both of them. In a recent study, a chloro-
phenol-independent exposure to PCDD or PCDF was not 
associated with an increased risk of soft-tissue sarcoma 
in a normal nonoccupational population (7). Our study 
demonstrates that chlorophenols alone without PCDD or 
PCDF contamination may be associated with both soft-
tissue cancer and non-Hodgkin’s lymphoma.

The experience in Kärkölä is an example of a suc-
cessful active cancer prevention carried out by local 
authorities, who stopped the operation of the old water 
intake plant and built a new plant. Our finding—if not 
by chance—would fit with the thinking that the stage 
of promotion is the most effective site to target for both 
active and passive cancer prevention (16). 
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