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Introduction
Although weight gain during preg-

nancy and milk output during lactation
cause a theoretical increase in the physi-
ological requirement for water,1 the actual
range ofwater intake among pregnant and
lactating women is not known.2 The rela-
tive importance of water as a dietary
source of nutrients such as calcium cannot
be evaluated in the absence of intake data.
Furthermore, secondary exposure of a fe-
tus or nursing child to toxic substances in
the water supply makes accurate data on
quantities of water consumed by the
mother particularly important in establish-
ing criteria for setting allowances of con-
taminant levels. To make population-
based estimates of quantities and sources
of tapwater and total water ingested by
pregnant and lactating women, we used
data from a large national US Department
of Agriculture (USDA) dietary survey,3-5
which provided an opportunity to con-
sider water intake from all sources includ-
ing solid foods. For purposes of compar-
ison, we have also estimated intakes for
similarly aged non-pregnant, non-lactat-
ing women who participated in the same
survey.

Methods
Survey Design

In 1977-78 the USDA conducted the
Nationwide Food Consumption Survey
(NFCS) to gather dietary information on
individuals living in randomly sampled
nonmilitary households in the contiguous
48 states.3 The NFCS first sampled house-
holds and asked the head of household to
complete a seven-day household food use
and purchase record. Ofthe 20,812 house-
holds contacted, 14,930 (72 percent)

agreed to participate in this activity. Nine-
ty-four percent of the individuals sampled
from the participating households com-
pleted an interview that included a 24-hour
recall; theywere then asked to keep a food
diary for the next two days.6

Participating in the Individual Intake
Surveywere 30,770 persons.3 Of these, 87
women stated that they were nursing a
child aged two years or less, and 214
women stated that theywere four or more
months pregnant (women less than four
months pregnant were classified by the
USDA as not pregnant).3,4 The pregnant
and lactating women interviewed for the
NFCS were 15-49 years of age; thus, for
potential control subjects, we identified all
female NFCS participants 15-49 years old
whowere neither pregnant nor lactating (n
= 7,227).

Analytic Sample
Our data analysis was confined to

those NFCS participants having complete
and usable data on demographic variables
of interest, self-reported weight and
height, and all foods, beverages, and
drinking water consumed for three con-
secutive days. Overall, 86 percent of in-
terviewed participants,7 including 188
pregnant women, 77 lactatingwomen, and
6,201 non-pregnant, non-lactating control
women, fit these criteria.
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To compensate for deletions, we de-
veloped a weighting factor ("NCI weight-
ing factor") equal to the inverse of the
retained (i.e., not deleted) proportion of
participants in each age-sex-race-region-
season stratum.7 This NCI weighting fac-
tor was derived for the entire data set and
applies to the pregnant and lactating par-
ticipants as well; it did not reflect any as-
sumptions regarding diet or water intake
of non-respondents. The retained partici-
pants did not differ from the original sam-
ple with regard to the distribution of val-
ues for age, sex, race, region, season of
interview, urbanization, and education of
heads of household,7 and for this reason
we consider our analytic sample to be sat-
isfactorily representative of all surveyed
participants. All calculations incorporated
the NCI weighting factor as well as a
USDA weighting factor that reflected the
interview completion rate in each sam-
pling stratum.3,4,7

Definition of Tenns
"Drinking water" refers to plain wa-

ter consumed directly as a beverage, but
does not include tapwater used to prepare
foods and other beverages. "Tapwater"
includes drinking water as well as tapwa-
ter added in final preparation of foods and
tapwater-based beverages. "Total water"
includes all water from tapwater and non-
tapwater sources, including water con-
tained in food.

Calkulation of Tapwater and Total
Water Intake

The methods, coding procedures,
and specific assumptions used in calculat-
ing tapwater and total water intake from
the 4,545 foods and beverages reported as
consumed by NFCS study participants
have been fully described elsewhere7 and
will be summarized here. For all food
items listed on the surveyed individuals'
dietary records,5,8 an experienced nutri-
tionist (author AGE) estimated the pro-
portion of the total water content likely to
derive from household tapwater added
during preparation. Examples of this esti-
mated tapwater proportion are: 100 per-
cent (tea, coffee); 84 percent (reconstitut-
ed frozen fruit juices); 50 percent (most
reconstituted canned soups); 0 percent
(meats, fresh whole milk, fresh fruit, car-
bonated beverages). These tapwater pro-
portion values were merged with data on
the water content of foods5'7 and on the
quantities of foods (including soups) and
beverages consumed,4 providing an esti-
mate of total water and tapwater intake
from all foods and beverages. To these

estimates we added the cups of drining
water consumed each day, yielding the
quantities oftotalwater and tapwaterfrom
each dietary source for each individual
over three days.7 The original USDA di-
etary data were recorded in common
household units and converted to grams
during data processing.8 Our results are
expressed in grams, in keeping with the
format of the public use data tapes.4

Staftiical Methods
All calculations and statistical proce-

dures were conducted using the SAS soft-
ware package,9 and incorporated weight-
ing factors (see above) reflecting the
interview completion rate in each sample
stratum and the deletion of participants
with incomplete data.7 Values represent
three-day averages for each individual. All
values reported in the text represent mean
t standard deviation. Values for the frac-
tion of total water intake provided by tap-
water (see Table 3, below) represent the
mean proportion for individuals.10 Values
for the fraction oftotal water and tapwater
intake provided by various dietary
sources (see "Results," below) represent
the population proportion.10

For the entire group of study subjects
(n = 6,466), sources of between-individu-
als variation in daily total water and tap-
water intake were examined using analy-
sis of variance (ANOVA) for unbalanced
designs (PROC GLM).9 The model in-
cluded main-effects terms for reproduc-
tive status, race, urban/rural residence, re-
gion, and season; and covariate terms for
age, weight, height, and mean household
educational level. Education of the heads
of household was a surrogate measure for
income, which many participants (21 per-
cent) would not report. Comparisons of
means were made using a multiple com-
parison test (LSMEANS PDIFF) based
on the analysis-of-variance model, in
which the significance of each contrast
was determined after adjusting for all
other main effects and covariates.9

Results

Charactenstics ofPartcpants
Demographic and physical charac-

teristics of the study participants are
shown in Table 1. The women were fairly
evenly distributed among the northeast-
ern, southern, midwestern and western
regions of the country. Interviews took
place during all four seasons of the year.
Most of the women were white and lived
in urban or suburban rather than rural ar-

eas. The lactating women were generally
older than the pregnant women and
tended to live in households with a higher
level of education. Self-reported heights
and weights of our study sample com-
pared favorably with physical measure-
ments of height and weight made on adult
females participating in the second US
National Health and Nutrition Examina-
tion Survey (NHANES H).1

Total Water Intake
Effect ofReproductive Status. Total

water intake of study participants is
shown in Table 2. Mean and median daily
consumption of total water for all partici-
pants was approximately 2 liters (i.e.,
2,000 g). The upper ranges of intake, how-
ever, were much higher. Seven percent of
control women, 11 percent of pregnant
women, and 13 percent of lactating
women consumed 3 liters (3,000 g) or
more total water per day. Three percent,
4 percent, and 3 percent of control, preg-
nant, and lactating women, respectively,
had total daily water intakes equal to or
exceeding 3.5 liters (3,500 g).

Reproductive statuswas significantly
associated with total water intake (p
<.001). Lactating women consumed the
largest quantity (g/day) of total water (p
<.001 compared with control mean), but
the mean intake of pregnant women was
also significantly elevated (p <.05 com-
pared with control women). The total wa-
ter intake of lactatingwomen was consid-
erably higher than that of pregnant
women, but this difference was not statis-
tically significant due to relatively small
numbers of participants.

Lactating women also had the high-
est mean intake of total water when ex-
pressed in terms of body weight (p <.01
compared with both control and pregnant
women). Total water intake per unit of
body weight did not differ between preg-
nant and control women.

Of the 77 lactating women, 64 had
infants who also were NFCS study sub-
jects; no informationwas available regard-
ing the other 13 infants. Total water intake
of these 64 lactating mothers was not sig-
nificantly correlated with either the age
(mean = 5 mo) or weight (mean = 7 kg) of
their infants.

Total water intake per unit of energy
(i.e., g/kcal/day) did not vary as a function
of reproductive status. This reflects the
parallel increase of water and energy in-
take: control, pregnant, and lactating
women consumed 1,592 + 561, 1 719 +
556, and 1,887 ± 626 kcalday, respec-
tively (mean + SD).

American Journal of Public Health 329March 1991, Vol. 81, No. 3



Ershow, et al.

Effects of other factors. The effects
of factors other than reproductive status
on total water intake were also examined
in the entire sample of 6,466 women. The
most striking effects were due to regional
variations in residence. Total water in-
takes were lowest in the northeast (mean
+ SD 1,827 + 819 g/day; n = 1,551), in-
termediate in the south (1,955 ± 844 g/day;
n = 2,147) and midwest (1,972 + 912
g/day; n = 1,666), and highest in the west
(2,063 ± 1,096 g/day; n = 1,102). Regard-
ing another aspect of residence, rural
women consumed more total water than
urban/suburban women (1,997 ± 866
g/day, n = 1,885 vs 1,931 ± 925 g/day, n=
4,581).

Effects of race on total water intake
may have been due to variation in food
and beverage preferences. The small num-
ber of non-White, non-Black women had
higher total water intakes (2,017 ± 957
g/day, n = 241) than White women (1,953
± 898 g/day, n = 5,379), who in turn had
higher total water intakes than Black
women (1,893 ± 960 g/day, n = 846). Sea-
sonal variation in total water intake was
due primarily to elevated intake during the
summer (2,011 ± 1,006 g/day; n = 1,384).
Intakes were very similar in the autumn

(1,916 ± 930 g/day; n = 1,617), winter
(1,938 ± 960 g/day; n = 1,523), and spring
(1,926 ± 762 g/day; n = 1,942).

Tapwater Intake
Effect of reproductive status. Mean

and median daily consumption of tap-
water for all groups (Table 3) was approx-
imately 1.1 liters (1,100 g). Two liters
(2,000 g) or more of tapwater were con-
sumed dailyby lOpercent, 15 percent, and
8 percent of control, pregnant, and lactat-
ing women respectively. Four percent of
control and pregnant women and 3 per-
cent of lactatingwomen ingested 2.5 liters
(2,500 g) or more oftapwater daily. Similar
to the situation for total water, lactating
women had the highest mean daily tap-
water consumption (p <.01 compared with
control women). The difference in tap-
water intake between lactatingwomen and
pregnant women was nearly as large, but
not significant due to small numbers. Preg-
nant women consumed only slightly more
tapwater than controlwomen. When com-
pared with control women, mean tap-
water intake per unit of body weight (i.e.,
g/kg/day) was also significantly higher in
lactating women (p <.05) but not in preg-
nant women. Pregnant women actually

had a slightly lower intake of tapwater per
kg body weight than control women, pos-
sibly reflecting weight gain in pregnancy
or a shift to sources of fluid (such as milk)
that contain relatively little tapwater.

Effects of other factors. Effects on
tapwater intake of factors other than re-
productive status were similar in direction
to those for total water, but the magnitude
of the effects was smaller. Region again
was the strongest residential factor. Intake
was highest in the south (1,228 + 798) and
west (1,208 ± 982) and intermediate in the
midwest (1,166 ± 857), whereaswomenin
the northeast consumed less tapwater
(1,034 + 743 g/day) than in all other re-
gions. Rural women consumed more tap-
water (1,237 ± 819 g/day) than urban/
suburban women (1,132 + 847 g/day).
Tapwater intake of non-White, non-Black
women (1,232 ± 815 g/day) was higher
than that of either White women (1,159 +-

841) or Blackwomen (1,143 ± 849 g/day).
Seasonal intake, which varied only
slightly, was highest in the summer (1,198
± 918), followed by winter (1,165 + 895),
autumn (1,144 + 861), and spring (1,130 -
711).

Sources of Total Water and
Tapwater

The contribution of various dietary
sources to total water intake is shown in
Table 4. The reader should note that the
mass ofthe non-water fraction ofthe foods
does not enter into the calculation. For
example, pregnant women had a mean in-
take of total water from milk and milk
drinks of 308 g/day (Table 4), but their
mean intake of milk per se would be a
slightly higher figure. The presence of ze-
ros in the 50th percentile column indicates
that at least half of the women in that par-
ticular group consumed essentially no le-
gumes, nuts or seeds, fruit juice, tea, cof-
fee, soft drinks, or alcoholic beverages
over the three days of the study.

Considerable individual variation is
demonstrated by the marked differences
in intake between the mean, median, and
95th percentiles. For example, the aver-
age coffee and tea intake of our subjects
was not especially high. Table 4 shows
that mean intake for pregnantwomenwas
132 g water/day in tea and 197 gwater/day
in coffee, whereas lactating women con-
sumed, on average, 253 g water/day in tea
and 205 g water/day in coffee (an 8-oz cup
= 240 g water). The even lower 50th per-
centile values indicate that many of the
women did not consume any tea or coffee
at all. Nevertheless, a small fraction of
subjects, representing the top 5 percent of
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intake (i.e., the 95th percentile), drank
nearly one liter per day ofcaffeinated bev-
erage.

Sources of tapwater are shown in Ta-
ble 5. Nearly all the tapwater consumed
was provided by a small number of dietary
items: drinkingwater; coffee; tea; grain and
grain products; and fruit juices. (Carbon-
ated beverages, most alcoholic beverages,
and many fresh foods do not contain tap-
water in the first place.) In contrast, a larger
range of foods and beverages sewved as
substantial sources oftotal water (Table 4).

Reproductive status had little effect
on the relative contribution (expressed as
the population proportionlO) of drinking
water, beverages, and foods to intake of
total water (Table 4). For control, preg-
nant, and lactating women, respectively,
the contribution to total water intake was
30 percent, 34 percent, and 30 percent for
drinking water; 46 percent, 43 percent,

and 45 percent for other beverages; and 24
percent, 23 percent, and 25 percent for
foods.

Sources of tapwater intake varied
more with reproductive status (Table 5).
Drinking water contributed a larger frac-
tion of the tapwater intake of pregnant
women (58 percent) than for either control
women (50 percent) or lactating women
(52 percent). Other beverages accounted
for a population proportion of 34 percent,
43 percent, and 41 percent of the tapwater
intake of pregnant, control, and lactating
women, respectively. Only 7 percent of
the tapwater intake of our study partici-
pants was contributed by solid foods.

Discussion
By providing population-based esti-

mates of total water and tapwater intake
by pregnant and lactating women, our

study addresses a nearly complete lack of
information on this topic. Recent national
surveys of tapwater use in Great Britainl2
and Canada13 did not present data for
pregnant orlactatingwomen. Studies con-
ductedby the California State Department
ofHealth on the relationship ofpregnancy
outcome and water exposure did not eval-
uate quantities ofwater consumed from all
sources.14 A clinical study of fluid intake
during lactation was very thorough but
was conducted in a single locale (Iowa)
using 26 self-selected volunteers.1.15

Our estimates derive from a relatively
large final analyfic sample that included 188
pregnant women and 77 lactating women.
NHANES 11,16which also used a stratified
random national sampling design, included
even fewerpregnant (n = 122) and lactating
(n = 41) women than the 1977-78 NFCS.
Larger numbers of pregnant and lactating
participants would be desirable but cannot
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readily be obtained without expensive
oversampling procedures.

We think it unlikely that our esti-
mates of water intake are affected by se-
rious non-response bias. The overall
household response rate for the 1977-78
NFCS was 72 percent, very similar to the
73 percent individual response rate ob-

tained for NHANES II,11 and nearly all
eligible individuals (94 percent) within par-
ticipating NFCS households agreed to
participate in the individual intake surveys
as well. Furthermore, dietary data are
probably no more susceptible to bias than
other types of health information, and
NHANES II investigators found no indi-

cation of household non-response bias for
health-related variables.1" In addition,
there is no evidence that water intakes of
persons with complete data differed sys-
tematically from intakes of persons lack-
ing complete data. We thus consider our
analytic sample to be representative ofthe
surveyed study groups.
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How reproducible (i.e., reliable) and
accurate (i.e, valid) are our estimates?
Few other data are available, but our es-
timates compared favorably with them.
Median intake of at-home drinking water
(plain tapwater) by pregnantwomen inter-
viewed by the California Department of
Health was 2-3 cups per day,'4 very sim-
ilar to our finding that median dring"wa-
ter intake of pregnant women was 640 g
(2.7 cups) per day (Tables 4 and 5). The
lactating women in our study had an av-
erage total water intake per unit of energy
(1.3 g/kcal/day; Table 2) similar to that re-
ported by lactating women in the Iowa
study (1.4 g/kcal/day)2 and in both studies
two-thirds of the participants consumed
more than the recommended 1 g/kcal.' As
expected, our larger national sample of
lactatingwomen had a wider range oftotal
water intake values (1,087-4,159 g/day),
which completely encompassed the range
for the 26 Iowa participants (1,920-3,957
g/day).2 Both our study and the Iowa
study found the highest level oftotalwater
intake to be approximately 4 liters (4,000
g) per day.

The non-pregnant, non-lactating con-
trolwomen in our study had a mean intake
oftotalwater frombeverages (1,480 g/day;
Table 4) very similar to that of adult Brit-
ish women (1.5-1.6 bday).12 Intake of
tapwater from beverages (1,081 g/day; Ta-
ble 5) also was very similar to that of Brit-
ish women (1.0-1.1 bday).12 Canadian
women, on the other hand, consumed rel-
atively more tapwater-based beverages
(1.3-1.6 bday).13

As the comparisons above indicate,
our results are generally compatible with
other published data despite differences in
study population, intake methodology,
and sample size. It is possible, however,
that our estimates are on the low side.
Using three days' worth of data for each
participant would presumably allow the
under-reporting biases of 24-hour recalls
and the over-reporting biases of dietary
records to balance out.617 Nevertheless,
energy intakes reported by NFCS partic-
ipants were lower than expected and were
very similar to the energy intakes yielded
by the single 24-hour recall used in the
NHANES II survey.18 Under-reporting of
food intake thus may account for the
lower mean total water intake of our lac-
tating study subjects (2,242 g/day, Table 2)
compared with that of the Iowa partici-
pants (2,860 g/day).2 Alternatively, the di-
ets of the highly educated Iowa partici-
pants may not have been representative of
lactating women's diets in general. The
Iowa participants were studied as part of

an attempt to increase milk production by
deliberately increasing fluid intake,15 and
they may have been consuming extra fluid
even during the baseline phase of the
study.

How timely are the estimates? The
data used for this analysis were collected
in 1977-78. In the last decade there have
been important changes in certain aspects
of the food supply, including increased
purchase and consumption of meals out-
side the home and greater intake of car-
bonated soft drinks.'9 Unfortunately, the
USDA's more recent Continuing Survey
of Food Intake by Individuals'9 did not
collect information on intake of plain wa-
ter (i.e., drinldng water), and data from
these surveys therefore cannot be used to
derive either tapwater or total water in-
take.

Our population-based cross-sec-
tional study confirms that pregnancy and
lactation are associated with significant in-
creases in water intake, although a pro-
spective study design is needed to evalu-
ate whether water intake increases
spontaneously with the onset of preg-
nancy and lactation. The estimated theo-
retical increase in water requirement
causedby lactation is 0.5-1.0 b/day" 20 but
in our study the mean daily total water
intake of lactating women was only 302 g
(i.e., 302 ml) higher than the total water
intake of control women (Table 2). The
non-pregnant, non-lactating control
women in our study consumed quantities
of total water well above the minimum
amount needed to prevent dehydration.
This implies that many ifnot mostwomen
may not need to increase their water in-
take when theybecome pregnant or begin
to lactate, because their pre-pregnancy in-
takes were already more than adequate.
Unnecessary recommendations to con-
sume "lots of fluids" might inspire some
women to replace nutritionally valuable
solid foods with water or other nutrient-
free beverages such as tea, coffee, or diet
soda. Dietary counseling might be better
directed towards the fewwomen who ha-
bitually consume very small amounts of
liquid.

Our evaluation of the relative contri-
bution of various dietary sources to total
water and tapwater intake has implica-
tions for questionnaire design. Studies of
water consumption can be conducted
more efficiently by limiting questions to
the most important sources. We found
that drinking water, coffee, and tea alone
accounted for a population proportionl' of
87 percent oftapwater intake by our study
participants (calculated as the sum of

source-specific means divided by the all-
sources mean, Table 5). Adding reconsti-
tuted fruit juices and cooked grain prod-
ucts (such as rice, hot cereal, noodles,
pasta) to this list brings this figure to 94
percent. A nearly complete assessment of
the quantities oftapwaterconsumed could
thus be made using a relatively short ques-
tionnaire.A longer list ofsources (Table 4)
would be needed to assess total water in-
take by questionnaire.

We found that women living in rural
areas and in the western or southern re-
gions ofthe United States consumed more
total water and tapwater than women liv-
ing in urban/suburban areas in the north-
east and midwest. This could reflect dif-
ferences in climatic temperature and
humidity, physical activity, and diet, par-
ticularly beverages. Estimates of intake of
water-borne elements might be improved
by taking these residential factors into ac-
count. Season, on the other hand, was re-
sponsible for less variation, probably due
to climate control and alternation through-
out theyear ofhot and cold drinks. Similar
minor effects of season were observed in
Canada, where tapwater intake was
slightly (5-10 percent) higher in the win-
ter.13 The Iowa study2,15 also found that
total water intake by lactatingwomenwas
minimally affected by season.

Our findings may be used to estimate
intake ofmineralsviatapwater. Calcium is
of particular interest because of the very
high demands imposed by reproduction;
the Recommended Dietary Allowance
(RDA) for calcium for most adult women
is 800 mg/day, whereas for pregnant and
lactating women the RDA is 1,200 mg/
day.' The calcium content of home water
supplies averages50-0 mglL, although in
hard water areas the concentration may
reach 145 mg/liter.21 In the typical situa-
tion, pregnant or lactating women ingest-
ing 1.2-1.3 liters/day of tapwater (Table 3)
from the home supply would take in by
this route only 60-80 mg/day of calcium,
or about 5 percent of the 1,200 mg recom-
mended daily allowance. Only thewomen
living in areas with very hard water (145
mg/L) and drinking unusually large quan-
tities of this hard water (2.2-2.4 b/day;
95th percentile of intake; Table 3) would
obtain an appreciable amount of calcium
from the tap.

Estimates ofexposure to toxicmetals
and chemicals in tapwater often are made
with the assumption that few persons con-
sume more than 2 liters per day21-24. Ca-
nadian researchers found that 12 percent
of adults consumed 2 liters or more of tap-
water daily.13 In our study 10 percent of
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the non-pregnant, non-lactatingwomen, 8
percent of the lactating women, and 15
percent ofthe pregnant women consumed
2,000 g/day or more oftap water (see "Re-
sults"), and 3-4 percent consumed 2,500 g
or more. This suggests that 2 liters/day
might not be a sufficiently high estimate of
intake to protect 95 percent of these sus-
ceptible population groups, particularly
pregnant women, from water-borne toxic
substances unless a sufficient margin of
safety is incorporated into estimates of ex-
posure. [
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