of a close spatial association of C4 with
MLR determinants on the lymphoid cell
surface. The existence of C4 in absence
of MLR antigens on melanoma cells (un-
published results) indicates that C4 is not
itself an MLR antigen. Alternatively, the
MLR may require, in addition to differ-
ences in MLR antigens, other inter-
actions or signals between the stimulat-
ing and responding cells. The C4, which
in other systems functions as a ligand be-
tween complexes bearing C4 and lym-
phoid cells having C4 receptors, may op-
erate equivalently in the MLR.
SoLDANO FERRONE
MICHELE A. PELLEGRINO
NEeIL R. CooPER
Scripps Clinic and Research
Foundation, 476 Prospect Street,
La Jolla, California 92037
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Drinking Water and Cancer Mortality in Louisiana

Abstract. Multivariant regression analysis indicates a statistically significant rela-
tion between cancer mortality rates in Louisiana and drinking water obtained from
the Mississippi River. This is true for total cancer, cancer of the urinary organs,

and cancer of the gastrointestinal tract.

There is a growing consensus that the
majority of human cancers are caused by
chemical carcinogens in the environment
and, hence, that they are ultimately pre-
ventable (/). Although there has been
considerable interest in the role of air
and food in environmental carcinogen-
esis, there has been relatively little atten-
tion directed to the possibility that car-
cinogens in drinking water may be caus-
ally related to human cancers (2, 3).
Several studies have demonstrated the
presence of chemical carcinogens in riv-
er water (4) and in treated municipal
drinking water (5, 6), and others have
shown that carcinogens are introduced
during chlorine treatment (7); the ques-
tion remains whether or not their concen-
trations, generally at or below the parts-
per-billion level, are sufficiently high to
have detectable effects on cancer rates.
In 1974 we reported a preliminary regres-
sion analysis on the possible link be-
tween drinking water and cancer (8); we
now present further results. .

Louisiana was studied because of (i)
suspicions of the possible etiologic role
of drinking water in the high incidence of
bladder cancer in New Orleans (9), (ii)
the identification of carcinogens in Mis-
sissippi River drinking water (/0), and
(iii) the disparity between the quality of
Mississippi River drinking water and oth-
er sources in Louisiana. Out of a total
1960 population of 3.3 million, living in
64 parishes, 32 percent (representing
part or all of the population in 11 parish-
es) were supplied drinking water from
the Mississippi River (Table 1), 56 per-
cent were supplied groundwater, and 12
percent were supplied from other surface
water supplies. On the assumption that
concentrations of carcinogens in Missis-

Table 1. Louisiana parishes that receive drink-
ing water from the Mississippi River, given as
percentage of the population of each parish.

Parish Percent
Ascension 28
Assumption 83
Jefferson 100
Lafourche 96
Orleans 100
Plaquemines 100
St. Bernard 100
St. Charles 100
St. James 77
St. John the Baptist 81
St. Mary 61

sippi River water have historically been
higher than those in other water supplies
in Louisiana, we defined the drinking wa-
ter variable (W) as the percent of the par-
ish population drinking water from the
Mississippi River or its distributaries
(I11). Other independent variables are ru-
rality (R), income (/), and occupation.
Urbanization and income were defined
for whites and nonwhites separately,
but the other independent variables were
not since the data were unavailable. The
occupational variables are the propor-
tion of the total number of employees of
each parish in 1962 employed in the pe-
troleum and coal products industry (P?),
in the chemicals industry (C), and in the
mining industry (M) (12).

Dependent variables were age-ad-
justed, 20-year mortality rates (/3) as-
sociated with cancers of the gastroin-
testinal and urinary tracts (/4) and with
total cancer. Had the numbers of mortali-
ties been sufficiently high, disaggregation
into time periods shorter than 20 years
and into age groups would have been de-
sirable. However, for several cancer
sites the number of mortalities over all
age groups and over the entire 20-year
period was small (sometimes zero) for
some parishes.

To compensate for the small numbers,
related cancer sites were grouped: for
urinary cancers, the rates for kidney,
bladder, and other urinary organs were
combined; for gastrointestinal cancers,
the rates for stomach, large intestine (ex-
cept rectum), and rectum were com-
bined. Although combining mortality
rates tends, through averaging, to de-
crease random error, a regression with
total cancer as the dependent variable
may be hard to interpret because cancers
of unrelated organs behave differently.
Two sites were chosen that could be ex-
pected to be less linked to drinking water
than urinary and gastrointestinal organs
and in which cancers are moderately
common, the breast for females and the
prostate for males.

Little was known about the true inter-
action of the independent and dependent
variables; therefore, because it is often
robust against specification error, the
simplest model, a linear one, was chosen
and estimated by least squares (/5). The
coefficient for the source of drinking wa-
ter in the regressions for gastrointestinal
cancer is significant (P < .01) for all four
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population groups (/6) (Table 2); in the
regressions for urinary cancer it is signifi-
cant for white males and nonwhite fe-
males; in the regressions for total cancer,
it is significant for white males, nonwhite
males, and nonwhite females (17).
Rurality is also a strong variable in the

250

Mortality rate (per 100,000)

100

sense that all of the regression
coefficients have the anticipated sign,
and many are significant. Income is not
consistent in sign and is often in-
significant. The occupational variables
add little to the variance accounted for
by the regression (R?). However, only a

Orleans @

1 1

50 75 100

Percent urban

Fig. 1. Regressions of the total cancer rate for white males upon urbanization. Parishes with-
out drinking water from the Mississippi (closed circles); parishes with some or all of their drinking
water from the Mississippi (stars). The dashed line is the regression line for the 11 parishes using
Mississippi water, and the solid line is the regression line for the 53 parishes not using Mississippi

water.

Table 2. Summary of regression analysis. Mortality rate is the Louisiana mean cancer mortality
rate (per 100,000); R? is the coefficient of determination. Abbreviations: W, the percentage of
the parish population drinking water from the Mississippi River or its distributaries; R, the per-
centage rural; I, the median family income in thousands of dollars; Pz, the proportion of the total
number of employees of each parish employed in the petroleum and coal products industry; C,
the proportion employed in the chemicals industry; and M, the proportion employed in the min-

ing industry.
T ¢ Morttality Regression coefficients on mortality rates of
ype o rate 2
cancer (per
1()()13’000) 114 R 1 Pt C M
Total cancer
White male 190 42 32.5t —55.2f —5.5% -10.6 17.0 -4
Nonwhite male 194 37 49.5t  -0.6t 0.01 71.6 —43.2 9.6
White female 119 10 3.0 -—-219%* -3.0
Nonwhite female 114 32 293t —0.2% 0.005
Urinary organs
White male 11 43 3.6t -5.5t -03 -21.7 16.7* 6.4
Nonwhite male 8 18 1.6 -0.06* —0.003 -31.4 142 -0.7
White female 4 .06 1.5 -0.5 -0.0
Nonwhite female 5 12 2.7 —0.009 0.001
Gastrointestinal organs
White male 31 39 7.0+ —148F -1.9% -19.3 27.5% —-10.3
Nonwhite male 47 33 194t —0.07 0.006 45.5 —18.3 —16.0
White female 23 14 49% 43 -0.8
Nonwhite female 29 30 13.3f —-0.08 0.002
Prostate
White male 18 14 2.1 —-6.7*  —1.3% 8.4 03 4.6
Nonwhite male 29 15 04 -0.006 0.006 -—81.3 —17.6 -27.6
Breast
White female 21 31 096 8.5t 0.4
Nonwhite female 22 07 4.2 —0.04  -0.001

*P < .0S.
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P < .00S.

small fraction of the total work force was
in any of the three industries, and for
each of the three industries, exposure to
potential carcinogens may have varied
widely from plant to plant and within a
single plant. Occupational effects could
exist but be ‘‘buried’’ in the aggregate
data.

A pattern of relative ‘‘protection’” of
white females against total cancers and
those of urinary organs and the gastroin-
testinal tract can be seen in the mean
mortality rate, in the R?’s, and in the val-
ues of ¢ for drinking water. If there is no
underlying relationship between drinking
water and cancer, the pattern of the val-
ues of ¢ for water source could be a
chance phenomenon. But this ex-
planation would not account for the pat-
tern of low mean rates and R?'s for white
females compared with other groups. On
the other hand, a factor acting in part
through or in conjunction with drinking
water could help explain the pattern of
all three statistics—the mean rates, the
R¥s,and ¢ for W.

Three possible sources of spurious cor-
relation have been suggested. First, can-
cer rates in New Orleans might be inflat-
ed if cancer patients move to New Or-
leans and establish residence to take
advantage of the availability of special-
ized or free medical care, and then die
there. However, when we calculated the
regressions for total cancer with New Or-
leans removed from the data, the
coefficient on W remained positive and
significant. (An indication of the role of
New Orleans in the regressions can be
seen in Fig. 1.) A second possible source
of spurious correlation might arise with
regional differences in diet or other so-
cioeconomic variables, since parishes
that receive drinking water from the Mis-
sissippi River are grouped in southern
Louisiana. However, restricting the data
to the 29 southern parishes that are sug-
gested to be socioeconomically distinct
from northern parishes (I18) did not
change the basic relations between the in-
dependent variables and cancer mortali-
ty rates. A third possible source of
spurious correlation is that elevation
might be an important omitted variable,
on the ground that low-lying areas might
be more subject to pollution (/9). How-
ever, including elevation, which is nega-
tively correlated with W, leaves W signif-
icant.

Although these three hypotheses do
not explain away the role of W, there re-
main the problems of misspecification in
the simple linear model and of omission
of variables. For example, data on to-
bacco and alcohol consumption and air
pollution by parish were unavailable. Al-
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though these exposures are in part re-
flected in the rurality and income vari-
ables, it would have been preferable to
have included these variables explicitly.
Moreover, the regression analysis can-
not distinguish among organic chemicals
and other possible carcinogens in Missis-
sippi drinking water. A misspecification
in the error structure arises from the fact
that parishes vary in population. Hetero-
skedastic correction left the coefficients
for drinking water roughly the same but
raised the values of ¢ by about 50 percent
on average, leading to a large increase in
the level of significance. While statistical
studies cannot by themselves establish
causality, this regression study supports
the hypothesis that there is a link be-
tween carcinogens in drinking water and
cancer mortality.
TALBOT PAGE
Resources for the Future, Inc.,
1755 Massachusetts Avenue, NW,
Washington, D.C. 20036
RoBERT H. HARRIS
Environmental Defense Fund,
1525 18th Street, NW,
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Barium in Southern California Coastal Waters:

A Potential Indicator of Marine Drilling Contamination

Abstract. The present barium content of Southern California coastal waters was
determined to be 11 to 22 micrograms per kilogram of seawater. These values may be
used as base-line concentrations to monitor marine contamination during future off-

shore oil and gas explorations.

Earlier analyses of the barium content
of seawater revealed only the upper limit
of the concentration (/). Recent results
demonstrate that the barium content of
open oceans increases with the depth of

the water. The Pacific waters display bar-
ium concentrations of from 3 to 51 ug per
kilogram of seawater (2, 3), whereas bari-
um in the Atlantic waters ranges up to
105 ng/kg @).

Table 1. Isotopic composition of common and spike barium (in units of atom percentages).

Isotopic mass

Component
130 132 134 135 136 137 138
Common barium 0.10 0.10 2.42 6.59 7.81 11.32 71.66
Spike barium
Scripps <0.001 <0.005 0.454 93.47 1.629 0.885 3.560
Oak Ridge <0.1 <0.1 0.36 93.6 1.61 0.87 3.56
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