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Arsenic Concentrations in Well Water and Risk of Bladder and Kidney Cancer

m in Finland

Piivi Kurttio,! Eero Pukkala,2 Hanna Kahelin,3 Anssi Auvinen,* and Juha Pekkanen

INational Public Heaith Institute, Unit of Environmental Epidemiology, Kuopio, Fintand; 2Finnish Cancer Registry, Helsinki, Finland;
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We assessed the levels of arsenic in drilled wells in Finland and studied the association of arsenic
exposure with the risk of bladder and lidney cancers. The study persons were selected from a reg-
ister-based cohort of all Finns who had lived at an address outside the municipal drinking-water
system during 1967-1980 (n = 144,627). The final study population consisted of 61 bladder can-

cer cases and 49 kidney cancer cases diagnosed between 1981 and 1995, as well as an age- and -

sex-balanced random sample of 275 subjects (reference cohort). Water samples were obtained
from the wells used by the study population at least during 1967~1980. The votal arsenic concen-
trations in the wells of the reference cohort were low (median = 0.1 pg/L; maximum = 64 pg/L),
and 1% exceeded 10 pg/L. Arsenic exposure was estimated as arsenic concentration in the well,
daily dose, and cumulative dose of arsenic. None of the exposure indicators was staristically signif-
icanty associated with the risk of kidney cancer. Bladder cancer tended to be associated with
assenic concentration and daily dose during the third to ninth years prior to the cancer diagnosis;
the risk ratios for arscnic concentration categories 0.1-0.5 and 2 0.5 pg/L relative to the category
with < 0.1 pg/L were 1.53 [95% confidence interval (CI), 0.75~3.09] and 2.44 (CI, 1.11-5.37),
respectively. In spite of very low exposure levels, we found some evidence of an association
between arsenic and bladder cancer risk. More studies are needed to confirm the possible associa-
tion between arsenic and bladder cancer risk at such low exposure levels. Rey words; arsenic, blad-
der cancer, drinking water, kidney cancer, rural, urinary organ cancérs, well water. Environ
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atural mineral deposits containing

Qscnic may result in elevated levels of

arsenic in ground water. The World Healtch
Organization (WHO) classifies inorganic
arsenic as a human carcinogen; chronic
ingestion is assoctated with skin cancer and
inhalacion is associated with lung cancer ().
Arsenic concentrations in noncontaminated
drinking water are usually below 3 pg/L
(I-49). The present WHO drinking-water
guideline value of 10 pg/L. (4) is based main-
ly on epidemiologic studies on arsenic expo-
- sure and skin cancer in Taiwan,
Epidemiologic studies based on high
arsenic exposure in Taiwan (511}, Argentina
(12,13), Japan (14,15}, and Chile (16} sug-
gest an increased risk of cancer of the urinary
organs. The lowest arsenic exposure levels
associared with detrimental health effects have
been reported in a case—control study in the
United States in which the arsenic concentra-
sions in drinking water ranged from 0.5 w0
180 pg/L. (17). In thar study, no overall asso-
ciation was found between arsenic exposure
and cancer risk, but arsenic and cigarette
smoking tended to have a synergistic effect on
the disk of bladder cancer.
As much as 12~14% of the Finnish popu-
lation live outside areas with municipal water
ly and use private wells (18). Water qual-
of private wells is seldom monitored.
« “Concentrations of arsenic measured in a rural
town in central Finland were up to 100 dmes

higher than drinking-water quality guideline
values (/9). According to geologic surveys,
there are several other areas in Finland that
are prone to high arsenic concentrations (20),
but no countrywide survey on arsenic concen-
trations in well water has been carried out.
The aims of the present study were 10 deter-
mine whether arsenic exposure from well
water is associated with increased risk of blad-
der and kidney cancers and to assess the con-
centrations of arsenic in drilled wells used for
drinking water in Finland.

Materials and Methods

Selection of study population. Town quarters
or villages, in which less than 10% of the
population belong to the municipal drink-
ing-water system, were identified based on
the 1985 Population Census file of tie
Statistics Finland. The source population
was defined from the Population Registry as
144,627 persons born in 1900-1930 who
had lived in these areas at the same address
at least from 1967 to 1980 (Figure 1). The
year 1967 was chosen because it was the ear-
liest for which information on residency had
been recorded systemarically.

During 1981-1995, 884 bladder cancer
cases and 644 kidney cancer cases were iden-
tified within the cohort through a record
link with the Finnish Cancer Registry.
Because there are plans to conducrt similar

studies based on the same reference cohorn for
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stomach cancer and leukemia, a case-cohort
design was used (2/). Random selection of
the reference cohort was stratified by single
birth year (range 1900-1930) and sex (i.e., 62
strata). The number of persons selected to the
reference cohort within each swatum was four
dmes the highest number of sire-specific can-
cer cases in that stratum (i.e., either kidney,
bladder, leukemia, or stomach cancer).
Alrogether, 4,590 persons were selected in the
reference cohort.

Final study series. The current residents
ar the addresses occupied by the case and ref-
erent persons in 1967-1980 were contacred
initially either by the local health inspectors
or by mailed questionnaire. The following
questions were asked: Did the house have a
drilled well? When was the drilled well
established? Had the drilled well been used
as the primary source of drinking water?

Because drilled wells have been reported
10 contain essendally higher arsenic concen-
trations than other types of wells (22), only
those addresses where drinking water from
drilled wells was consumed before the year
1981 were selected for further study (Table
1). The use of the drilled wells for drinking
water had started before 1981 but may have
continued until 1996. Lecal health inspec-
tors collected well-water samples from the
selected addresses of 509 subjects.

Those 380 subjects (76% of cases and
74% of reference cohorr eligible) for whom
arsenic exposure could be estimated (i.c., the
well-water sample was available and well water
had been used as drinking water) were includ-
ed in the final analysis (Table 1). The excluded
and included subjects did not differ by vital
status (40%/52% alive), age {mean birth year
1917/1916), sex (42%/39% women), occupa-
tion (61%/64% farmers), or education
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(29%7/5% with more than 9 years of educa-
tion}, Sixty-one cases with bladder cancer and
49 with kidney cancer were included (includ-
ing 3 cases with cancer of the renal pelvis, 41

'with unilateral kidney cancer, 1 with cancer in

both kidneys, and 4 with cancer in an uniden-
tified site). The reference cohort consisted of
275 subjects (including 3 subjects who devel-
oped bladder cancer and 1 subject who was
diagnosed with kidney cancer).

Questionnaire. Information on residen-
tial history and drinking-water consumption
at the selected addresses and potential

confounders such as smoking, use of anal-
gesics and diuretics in the 1970s, education,
and occupation was collected using a ques-
tionnaire mailed to the study subjects (ie.,
cases and referents who had lived at the
selected addresses during 1967-1980) or
their next of kin (Tables 2 and 3). Subjects
received the questionnaires before the water

sampling in 1996. In addirion, information_

on the present occupation (previous occupa-
tion for retired persons) and education was
obrained from the Population Censuses of
1970, 1975, and 1980.

300 Kilormneters

190 0 100 200

A Bladder cancer
[ Kidnay cencer
O Reference cohort

Figure 1. Selection of the study population. (4} Location of the members of the cohort of 144,627 persons
who were born in 1900-1930 and had lived outside the area of a municipal water source at least for 13
years before 1980. {B) Location of the bladder cancer cases {n = 61), kidney cancer-cases {n = 49), and

members of the reference cahort {n = 275).

Table 1. Selection of the study population.

Bladder cancer?  Kidney cancer®  Reference cohort
No. % No. % No. %

Number of persons eligible after first contact 79 100 65 100 s 160
Water sample available 68 86 58 89 313 84
Drilled weil water used as drinking water 61 77 43 75 275¢ 74

and water sample available [final study series)

COuestionnaire available 52 66 49 75 240¢ 65
Both water sample and questionnaire available 42 53 k] 55 183¢ 49

*0ne persan had both kidney and bladder cancers and is included in both case series. Mncludes three biadder cancer *

cases and two kidney cancer cases. “Includes three bladder cancer cases and one kidney cancer case. Anciudes two
bladder cancer cases and two kidnay cancer cases. ®Includes two bladder cancer cases and one kidney cancer case.

706

Arsenic measurements. The well-warer
samples were collected between July and
November 1996. The samples were collected
in random order, blinded in regard to the
case—referent status. Each sample was filtered
through a 0.45-ym membrane filter and acid-
ified with HNO, at the sample site. The sam-
ples were sent to the laboratory within 2 days,

_~—Total arsenic was determined by Perkin

Elmer Sciex Elan 6000 inductively coupled
plasma mass spectrometry (Perkin-Elmer,
Rotkreuz, Switzerland). The detection limi
for arsenic was 0.05 pg/L. The performance
of the analytical method was monitored con-
tinuously including certified reference mare-
rials within che analytical batches. Sixty-four
of the samples were analyzed twice. The
median coefficient of variation was 2.2%.

To evaluate the validity of water sampling,
two water samples were taken from 36 ran-
domly selected wells at two different times (on
average 31 days apart; range 2 hr-88 days),
The arsenic concentrations in the original
samples and field duplicares were not signifi-
cantly different (median of the absolute differ-
ence between two samples was 0.02 pg/L; p =
0.2 in the Wilcoxon signed ranks test).

Estimates of arsenic exposure. The
arsenic exposure for cases with cancer and
members of seference cohorr was estimated
in two periods: from the third 10 ninth cal-
endar years (shorter latency) and from the
tenth or carlier calendar years (longer latency)
prior to the cancer diagnosis (or the respec-
tive year for referent persons).

The daily dose of arsenic from drinking
water was calculated from the arsenic con-
centration of well water and from the report-
ed consumption of well water in the 1970s.
If questionnaire data were not available, the
consumption of drinking water was set as
the mean from the reference cohort. Men
consumed on average 1.6 L/day {range
0.1-4.5 L/day) and women consumed 1.6
Liday (0.6-3.0 L/day) of well water. At two
addresses (one member of the reference
cohort and one kidney cancer case), water
samples from two drilled wells were avail-
able. In those cases, the higher arsenic con-
centration was included in the calculations
of arsenic concentration and daily dose, and
actual use for camulative exposure.

Consumprion of well water started on
average in 1970 {standard deviation (SD) =
8 years] and stopped in 1990 (SD = 6 years).
The cumulative dose was defined as an inte-
gral of duration and intensity of arsenic
exposure from well water. The cumulative
dose for the shorter latency was calculated
from the beginning of the use of well warter
until 2 years before the cancer diagnosis. For
the longer latency, the cumulative dose was
calculated until 10 years before the cancer
diagnosis. The arsenic concentration in
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drinking water before the beginning and
after the end of the consumption of the well
rer was considered as null. Exposure from
‘er sources was not taken into account.
Statistical analyses. The study was based
on the case-cohort design described by
Prentice (21) and Barlow (23). In the analysis
of a case~cohort study, che risk set at each
event fime (year of cancer diagnosis) consists
of the case that failed at that particular time
and all members of the refesence cohort who
were at risk at the time. Members of the ref-
erence cohort were weighted in inverse pro-
portion to the sampling fraction {4,590/
144,627). The robust variance marrix was
estimated using SAS/IML (Interactive Matrix
Programming Language; SAS Institute, Cary,
NC). The 95% confidence intervals (Cls}
were calculated from the robust variance esti-
mates and standard errors.

Risk ratios (RRs) were estimated using
PHREG (Cox's Multivariable Proportional
Regression Analysis) procedure of SAS, cal-
culared both for condnuous and categorical
usenic exposure (class limits set roughly at
‘he 50th and 75th percentiles of the refer-
:nce cohort). To limit the influence of the
ew observations with high levels of arsenic,
ve estimated linear models after log-trans-
orming the arsenic exposure indicator.
“igaretre smoking is an established risk fac-
ot for both bladder and kidney cancers
Q and high body mass index (BMI) is

blished risk factor for kidney cancer
26). The mulrivariate models of bladder
wincer were adjusted for age, sex, and smok-
g (never smoked, ex-smoker stopped
noking before 1970, smoker in the 1970s).
he multivariate models of kidney cancer
ere adjusted for age, sex, smoking, and BMI
- 25, 2 25 weight in kilograms/(height in
eters)?]. Subjects with missing dara on
woking and BMI (Table 3) were included
the models as a separare category. Use of
algesics and diuretics in the 1970s and
ucation were nort associated with the risk of
wdder or kidney cancers and were therefore
tincluded in the final models.

asulits
senic concentrations in reference wells. The
enic concentrations in the wells of the ref-
nce cohort ranged from < 0.05 to 64 pg/L
edian 0.14 pg/L; CI, < 0.05-4.5; Table 4).
‘¢ percent of the reference cohort had
2nic concentrations > 5 pg/L, and 1%
275) had consumed well water exceeding
WHO drinking-water quality guideline
te of 10 pg/l. The median daily dose of
nic from well water was 0.2 pg (5th and
41 percentiles were 0.04 and 7 pg, respec-
Iy e cumulative dose before 1980 was
th and 95th percentiles were 0.08

26 mg, respectively).

Table 2. Demographic description of the cases and reference cohort.

Bladder cancer Kidney cancer Reference cohort
{n=61) {n=49) {n = 275)
No. % No. % No. %
Women 1" 18 25 51 112 4
Year of birth
19001910 14 23 8 18 86 31
1911-1920 2 36 21 43 .- 115 a2
1921-1930 25 41 20 T4 74 27
Vital status in end of 1995
Alive 32 52 16 33 152 85
Education
Primary school or fess 41 67 37 75 168 61
Higher than primary schoo! 1 2 2 4 16 8
Missing 19 3 10 20 90 3
Occupation
Farming 38 62 1] 63 179 85
Transport, construction,
service, and administration 25 33 12 24 64 23
Missing 3 5 6 12 32 12
Table 3. Characteristics of the cases and reference cohort.
Biadder cancer Kidney cancer Reference cohort
{n=61) {n=49) {n=275)
No. % No. % No.
Questionnaire respondent
Study person 18 29 7 14 73 27
Spouse 15 25 15 k) 39 14
Child, grandchild g 15 14 29 7 %
Start of using well water
Before 1985 15 25 17 35 72 26
1966-1975 32 52 19 39 156 57
After 1976 14 23 13 26 47 17
Cigarette smoking in the 1970s
Never 18 29 22 45 106 38 :
Ex-smoker 4 7 7 14 28 10 B}
Smoker 18 - 28 7 14 35 13 :
Missing data . 21 34 13 26 106 38 :
Use of diuretics in the 1970s
Never i 41 15 31 80 2 L
Ever 12 20 12 24 72 28 :
Missing data 24 39 22 45 123 45
Use of painkitlers with phenacetin or
phenylbutazon in the 1970s
Never 12 20 - 7 14 39 14
Bver 3 5 5 10 25 g
Missing data 45 75 37 75 211 77
BMI (kg/m?} in the end of the 1970s
<25 25 4] 13 26 68 5
225 {overweight) 14 23 21 43 7 35
Missing data 22 36 15 31 10 40
BMI, body mass index.
Table 4. Arsenic exposure among cases and the reference cohort
Biadder cancer Kidney cancer Reference cohort
{n=61) {n=49) {n =275)
Percentile Percentile Percentile
50th  75th  95th 50th 75th 95th  50th  75th 95th
Arsenic concentration in 0.1 06 EEY 01 0.6 18 0.1 85 45
well water {pgA}
Daily doss of arsenic fram 02 09 48 0.2 09 30 0z 07 72
well water (pg} )
Cumulative dose of arsenic from 06 26 28 0.7 28 24 08 26 26
well water before 1980 {mg)
Duration of well use before g 15 24 9 17 5 10 15 23
1980 {years}
rn-
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Ninery-four percent of the drilled wells
were still in use in 1996. The depth of the
well (median 42 m, range 5-172 m) did not
correlate (Pearson correlation coefficient
0.06) with the {log-transformed) arsenic
concentrations. Water treacment was rare: it
was reported for only 11 wells, most fre-
quently for iron removal.

Characteristics of cases versus controls.
The study population was a demographically
rather homogeneous group of people with a
mainly agricultural background (Table 2).
The residence locations of cancer cases and
referents did not differ systematically (Figure
1). Residential mobility was remarkably low;
71% of those alive in 1996 still lived in the
same place where they had lived in 1967.
Cigerette smoking in the 1970s was more
common armong the cancer cases than among
the reference cohort; the association between
smoking and bladder cancer was staristically
significanc (Tables 3 and 5).

Arsenic and bladder cancer. We
observed an increasing trend for arsenic con-
centrations in drinking warter and the. daily
dose of arsenic with shorter latency, but not
with longer latency (Table 6). The point
estimate for arsenic concentrarion > 0.5 pg/L
was statistically significantly elevated. The
association between arsenic exposure and
bladder cancer tended to be stronger among
those who smoked in the 1970s {Table 7).

Arsenic and kidney cancer. We found no
evidence for an association between arsenic
concentration, daily dose, or cumulative

dose and the risk of kidney cancer (Table 8).

Discussion

High concentrations of arsenic in drilled wells
were previously derected in southwestern
Finland (19,22), and geochemical surveys
(20) suggest high arsenic concentrations in
other areas as well. However, our findings

Table 5. Age- and sex-adjusted univariate risk
ratios {RR) for cancer of the urinary organs and 95%
confidence intervals {C!) for confounder variables.

indicate thar subscantial arsenic exposure,
through drilled well water in Finland is
uncommon. Assuming thar the entire arsenic
dose from drinking water was in inorganic
form, the median dose of inorganic arsenic
from well water in the reference cohort was
approximately 0.2 pgfday. This is similar to
the estimated dose from drinking water in the
Cazech Republic (2, but lower than thar est-
mated in the United Srates (4 pg/day) (27).

We have previously shown that the
steady-state current arsenic exposure can be
adequately estimated by asking subjects
about daily drinking-water consumption at
home (19). In the present study, however,
we were interested in the water consump-
tion in the 1970s, which is more prone to
misclassification and affected by recall bias.
The earlier arsenic concentrarions were con-
sidered to be the same as they were ar the
time of the sampling, which may introduce
errors. No published data on annual varia-
tions of arsenic concentrations in well water
in Finland were available, but the concen-
trations may fluctuate depending on the
water catchment basin of the well (i.e., the
level of groundwater). Some studies have,
however, reported thar arsenic concentra-
tions in wells in arsenic-rich areas remain
relatively constant for decades {11,12).

The calculation of cumulative dose is
more sensitive to errors than daily dose or
concentration. The year of beginning of
well-water use may not have been recalled
adequately, and an error in the duration of
well-warer use has a significant influence on
the amount of cumulative dose. The arsenic
concentrations in drinking water other than
those measured from drilled wells were con-
sidered zero. This may introduce misclassifi-
cation in the cumulative dose, especially
when arsenic concentrations in drilled wells
wete as fow as in other sources of drinking

water. This misclassification, however,
likely to be nondifferential.

The arsenic doses found in previous stuc
ies (5~17) on arsenic exposure and cancer i

" urinary organs were much higher than tho:

found in this study. In the present study, w
used individual arsenic exposure variable

.instéad of area-based measures used in mos

previous studies. Studies in Taiwan have sug
gested thar cancers of the bladder, kidney
lung, liver, skin, and possibly some other site
are associated with drinking-warer arseni
concentrations ranging from i0 to 1,80(
pg/L (5-8.28) and from 350 to 1,140 pg/l
(9. Furthermore, ingested arsenic exposure
has been associated with the increased risk of
cancers in urinary organs in Argentina,
Japan, and Chile, The lowest cut points of
the categorical arsenic concentrations were
40 pg/L in Argentina (12,13} and 50 pg/Lin
Japan (14,15). In Chile, the regional average
arsenic concentrations in drinking water
ranged from 43 to 570 pg/L (/6). The only
earlier nonecological study on bladder cancer
risk and lower arsenic concentrations {from
0.5 o 180 pgfL) in drinking water in the
Unired States did not show a clear associa-
tion (77). A follow-up study among English
patients showed thar orally administered
arsenic medication with substantially higher
doses was associated with an increase in blad-
der cancer mortality (29).

We found some suggestion of an
increased bladder cancer risk associated with
low arsenic exposure levels in the present
study. The risk estimates for bladder cancer
and arsenic concentration, as well as daily
dose from 2 10 9 years before the cancer diag-
nosis, were above unity, and chere was some
indication of a dose response. A statistically
significantly elevared risk of bladder cancer
was observed for arsenic concentrations >
0.5 pg/L. Exposures carlier than 10 vears

Table 6. Age-, sex-, and smoking-adjusted risk ratios {RR) and 95% confidence intervals (Cl) of bladder
cancer in the Finnish case-cohort study on arsenic exposure from well water.

Shorter latency?® Lenger latency?
n AR Ci Exposure No. RR Cl No. RR ]
Bladder cancer Concentration of arsenic in water {ug/l)
Cigarette smaking in the 1970s <0.1 23 } 26 1
Never 18 1 0.1-05 19 1.53 0.75-3.08 18 0.81 0.41-163
Ex-smoker 4 044 013-1.49 =15 19 2.44 1.11-5.37 17 1.51 067-3.38
Srpolfer 18 232 102530 {leg} continuous® 61 1.37 0.95-1.95 61 0.95 0.59-155
Missing data pal 104 050-220 Daily dose of arsenic {ug/day)
Kidney cancer <0.2 29 1 32 i
Cigarette smaoking in the 1970s 02-10 17 1.34 0.66-2.69 16 0.76 0.38-1.52
Never 22 1 210 15 184 0.84~4.03 13 107 0.48-2.38
Ex-smoker 7 148 053424 (fog) continuous® 61 1.34 0.95-1.90 61 091 0.55-1.48
Smoker 7 152 05244 Cumulative d i ;
Missing data 13073 0315 muotvedoseofarsenic(mg) 6 1 7 1
BMi (kg/m?} in the 05-20 20 1.61 0.74-354 21 0.81 6.39-169
end of the 1970s 220 25 _150 0.71-3.15 13 053 0.25-1.10
<25 131 (log) continuous® 61 0.92 057-1.47 61 0.78 0.51-1.20
> 25 (overweight) 21 1685 055-256 A . ] . ] - .
.o “Exposure in the third to ninth calendar years prior to the cancer diagnosis. *Expasura in the tenth cajend d
Missing data 15 081 036-183 aarlier prior to the cancer diagnosis. “Result from the model using fog-transformed exposure values. alendar yaar an
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before cancer diagnoses did not show an
~_ association with bladder cancer risk. Hence,
‘(r)elativcly recent arsenic exposure appears to

¢ more relevant for bladder cancer risk.
This is in concordance with the hypothesis
that arsenic compounds act as promoters
and/or co-carcinogens in the late stage of
carcinogenesis {30-32).

Cigarette smoking in the 1970s was more
common among bladder cancer cases than
among referents; this is in agreement with
previous studies which reported that smoking
is associated with bladder cancer (25). In
addition, there was some suggestion of a syn-
ergistic effect of arsenic and smoking (Table
7). This finding is consistent with earlier
studies in which elevated arsenic exposure
rended to increase the bladder cancer risk
(%17 among smokers. Experimental studies
also suggest that arsenic compounds pro-
mote the carcinogenicity and genotoxicity of
the known carcinogens and genoroxic com-
pounds (37-33).

In this scudy, no association was
observed berween kidney cancer and arsenic

exposure from drinking water, In earlier epi-
demiologic studies, an association berween
arsenic exposure and kidney cancer was
somewhat weaker than the association to
bladder cancer (6-8,10,11,13,16).

It is difficult to compare the cancer risks
between various studies because arsenic expo-
sure has been expressed in different ways and
because the extension and duration of arsenic
exposure in these studies are different. The
differences in the effect estimates in the stud-
ies may also be due to the differences in the
passible misclassification of arsenic exposure,
other sources of arsenic or other carcinogens,
genetic background, health status, or nutri-
tional status. Most of the previous studies
have had a cancer mortality as an end point.
The participants in this study were older than
persons in previous epidemiologic studies.
Applying the resules for cancer morsality
obtained by Smith et al. (3) from Taiwanese
data, the highest exposure categories in the
present study population (median arsenic
concentration 1.99 pg/L) would have a rela-
tive risk for bladder cancer of 1.01 in men

Table 7. Age-adjusted risk ratios {RR) and 35% confidence intervals {Cl) for bladder cancer and arsenic
exposure indicators among the men who smoked cigarsttes in the 1970s and never or ex-smokers.

Smoking in the 1970s

Smoker {n=18)

Naver or ex-smoker {n=17)

Exposure No. RR [¥] No. RR Cl
entration of arsenic in water {pg/L}
0.1 8 1 8 1

0.1-05 3 1.10 0.13-624 4 4585 025-384

205 7 10.3 1.16~92.6 5 087 0.25-3.02
Daily dose of arsenic {ug/day}

<02 8 1 9 1

0.2-1.0 5 1.99 0.40-9.78 5 153 0.44-5.31

>10 5 6.91 0.80-59.5 3 061 0.14-2.65
Cumulative dose of arsenic (mg)

<05 3 1 7 1

05-20 8 4.00 0.71-225 3 066 0.14-3.01

220 7 329 0.56~19.3 7 074 0.22-2.46

Only data for shorter latency and known smoking status are presented.

Table 8. Age-, sex-, and smoking-adjusted risk ratios {RR} of kidney cancer and 95% confidence intarvals
{Cls) of the Finnish case~cohort study on arsenic exposure through well water.

Shorter latency?

Longer fatency®

Exposure No. RR [#] No. RR Cl
Concentration of arsenic in water {pg/L}
<01 23 1 25 1
0.1-05 12 0.78 0.37-1.66 g 0.33 0.14-0.77
205 14 1.49 067-3.31 15 1.07 0.46-Z2.52
{log} continuous® 43 1.16 0.80~1.69 43 0.72 0.38-1.36
Daily dose of arsenic (i1g/day}
<02 6 1 21 1
0.2-1.0 13 1.08 0.52-2.25 11 0.55 0.2-1.21
210 10 .2 052-2.82 n 0.94 0.38-2.27
{log) continuous® 49 1.10 0.77-1.58 49 0.59 0.28-1.23
Cumulative dose of arsenic {mg}
<05 18 1 24 1
05-20 12 074 0.33-168 1 0.35 0.16-0.81
20 19 0.80 0.42-186 1 047 0.21-1.04
} continuous® 49 0.59 0.28-1.23 49 0.76 0.44-1.30

#gxpasure in the third to ninth calendar years prior to the cencer diagnosis. SExposure in the tenth calendar year and
esrlier priof to the cancer diagnosis. “Result fram the model using log-transformed exposure vatues.
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and 1.03 in women. Hence, the present
results, relative risk > 2, are higher than
expected and raise a concern of the possible
role of bias or chance.

Nutritional factors may modify the
metabolism and possibly carcinogenicity of

-arsenic. Selenium is an important anticar-

cinogen (34), and.ic has been suggested to
reduce -thetoxicity of arsenic (35) and to
inhibit the methylation of inorganic arsenic
in vitro (36}. Therefore, deficiency of seleni-
um may increase the cancer risk of arsenic. In
Finland, the daily intake of selenium (average
30 pg) (37) was below the recommended
50~200 pg (38) before selenium supplemen-
tation in fertilizers started in 1985. )

The crude risk ratios of arsenic exposure
and bladder cancer increased only slightly
after adjustment for smoking. This suggests
that, although the proportion of missing
data on smoking was large, the results are
probably not confounded by smoking. We
believe that serious differential misclassifica-
tion is unlikely in the present study. There
were no differences between cases and non-
cases in the sampling or analyzing procedure.
Furthermore, there were no differences in
the demographic parameters of the eligible
and the final study populations. It has previ-
ously been shown that relatives are able vo
provide rather reliable information on smok-
ing and other major demographic and
lifestyle factors (39-41).

Our results show that high arsenic levels
in Finnish drilled wells used in the 1970s
were uncommon and exposure through
drinking water was low. We found no staris-
tically significant association between arsenic
and risk of kidney cancer. However, consis-
tent with earlier scudies, there was some evi-
dence for an increased risk of bladder cancer
associated with arsenic exposure 2-9 years
before the diagnosis and some suggestion of a
synergistic effect berween aisenic and smok-
ing. Due to low exposure levels in the present
study, the positive association berween
arsenic exposure and risk of bladder cancer
was not expected, and the role of bias and
chance needs to be carefully considered.
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