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A Prospective Study of Spontaneous Abortion:

Relation to Amount and Source of Drinkin
ed.in Earl

Consume,

Shanna H. Swan,' Kirsten \\,’alzgf’ " Barbara

g Water
rly Pregnancy
ﬁogkins.' Gayle Windham,' Lawra Fenster.!

k-3

Catherigilg’Schaefer.* and Raymond R. Neutra!
[ARTN) . ;

In 1992, we published four retrospectivg spulies. conducred
primanly within a sing|.c California counlty.’ wlich foundd
higher spontaneous abortion rates among women who Jrank
more tapwater than bottled water in early rregnangy yFhe
current prospective study extends that investigation tv other
water systems. Pregnant women from three regions in Califor-
nia were interviewed during their fiest erimester. Multivariate
analyses modeled the amount and type of warer consumed ac §
weeks’ gestation in each region in relation to spontaneous
abortion rate. In Region 1. which was within the previous study
area, the adjusted odds ratio (OR) comparing high (26 glasses
per day) consumption of cold tapwater with none was 2107
[95% confidence interval (C)) = 1.22-3.57]. Furthermore,
when women with high cold tapwater and no botdled warter
consumption were compared with thase with high bocrled
water and no cold tapwater consumption. the adjusted odds

Keywords: spontaneous abortion, drinking water,

Ld
N

ratio was 4.38 (95% CI = [.97- 10.64). Conversely, women
- with high boteled water consumptivn and no pwater had a
;’g}cduced rate of spontaneous abortion compared with thase
drinking tapwarer and no boreled water (adjusted OR = .22,
93% Cl = 0.09-0.51). Neither tap nor boteled water con-
sumption altered the risk of spontaneous abortion in Regions [
and HL. Although controlling for age. prior spontaneous abor-
tion, race, gestational age ar interview, and weight somewhar
strengthened the association in Region 1. the diseribution of
these confounders Jid not vary appreciably across regions. This
study confirms the association berween culd rapwater and
spontanzous abortion first seen in this county in 1980. If
causal, the agent(s) is not ubiquitous but is likely to have becn
present in Region [ for some rime. {Epidemiology 1998:9:126 -
133)

tapwater, bottled water.

In 1992, a single issue of this journal reported a series of
retrospective studies in which the risk of spontaneous
abortion was examined in relation to rhe source and
amount of drinking water consurmed during early prega-
nancy.!” These studies included subjects. restding pri-
marily in a single California county, who became preg-
nant between 1980 and 1937. Scudy designs Jiffered
(two cross-sectional,’* one case-cohort,’ and two case-
control*¥), bur all had retrospective assessment of warter
exposure. The strongest associations were seen in the
two cross-sectional studies, in which considerable pub-
licity made subjects aware of the study hypothesis. Dara
from four studies were consistent with a 10-50% greater

From the ‘Environmental Health Ins estrations Beanch, Depactment of Health
Services, Emenville, CA. and Da sin of Research. Karser Permanente Medical
Care Prograun. Oakland, CA

Address correspondence - Shanna H Swan. Em wommental Health fns e
tons Branch, Department w1 Health Services, SR Hodby Streer Suwe E.
Emeniile. CA 94603

Subwitted June 3, 197, aceepted Sepeember 3, 1997
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risk of spontaneous abortion in women who drank tap
{or mostly tap) water compared with those who drank
no tapwater.® One smaller sty in the same county Jid
not find this association, although its power was limit-
ed’ Two accompanying commentaries’™ and a discus-
sion on sources of bias and confounding’ proposed recall
bias as a likely explanation.

The current study was conducted to extend this in-
vestigation to a later time period and to Jifterent water
systems, as well as to eliminate recall bias by using a
prospective design. We selected three regions in Cali-
fornia, representing a range™of water systems. for study.
Here, we present region-specific results on spontaneous
abortion risk by amount and source of drinking water.
No analysis of water constituents or water companies 15
given here; an analysis of chlorination by-products and
spontaneous abortion risk in this Jaraser is published
separately.'*

Subjects and Methods

STUDY REGIONS AND PORUL A riov

The study population was recrunted between January
1990 and September 1991 Collaboranion with the D
vision of Research of the Kaser Pemanente Medical




| -

Epidemivlogy March 1998, Volume 9 Number 2

Care Program, a large managed health care organization
in. California, enabled us identify and interview
women early in pregnancy and ensured nearly complete
ascertainment of pregnancy outcomes. The areas served
by three Kaiser facilities that provide prenatal care con-
stitute the study regions; approximately equal numbers
of woinen were recruited from each. Regions Jand I} are
in northern California, and Region 111 is in southern
California. Region 1 is located within the county we
studied |:~re\'i0us|\,.-'."s in which homes receive a mixture
of groundwater and surface water, except for a few small
areas served exclusively groundwater. Region H is served
primarily by surface water, whereas large areas of Region
111 receive only groundwater.

When a woman called 10 schedule her first prenatal
visit, the appointment clerk determined whether she was
eligible (=18 years old, =13 weeks’ gestation, and Span-
ish or English speaking) and willing tofiparticipate.
7,881 women evaluated, 6,179 (78.4%) were eligible
and willing to be interviewed. Interviews were com-
pleted by 5,342 of these women (86.5%). Among the
837 women without completed interviews, 268 were no
longer pregnant when reached for an interview, includ-
ing 186 who had miscarried in the short time {8 Jays on
average) since initial contact. To maintain the prospec-
tive narure of the study,.these women were not inter-
viewed. The median gestational age at interview was 8
weeks.

ASCERTAINMENT AND DEFINITION OF PREGNANG)
OUTCOMES

Pregnancy outcomes were first ascertained from comput-
cried hospital records (73%) and medical records
(18%). Follow-up telephone interviews. mailed ques-
tionnaires. or matches to California vital records pro-
vided the remaining outcomes. Less than 1% (N = 33)
of vurcomes could not be determined. The majority of
spontaneous abortions (about S4%) were validated by
medical record review. We used the first day of the last
menstrual period, as given in the interview, to calculate
gestational age- We verified extreme gestational ages at
Sutcome (<4 or >45 weeks) against medical records,
when possible, and corrected them if wamanted. We
Jefined pregnancies ending before 21 completed weeks
of gestation 3s SPONLaNeous abortions (N = 499), and
fetal losses between 21 and 27 weeks as stillbirths (N =
37). We exclulded elective terminations (N = 118),
cctopic AN = 131, and molar pregnancies (N = 1) from
analvsis. We considered multiple births (N = 33) a
single preznandy vutcome. The spontaneous abortion
rate 1> the rano o1 spontaneous aboroons the sum of
livebirths. snllbrthe. and spontaneous abortions.

INTERVIEW AnD A-<E==iENT OF WATER ENPOSURE

The nterview, oonducted using a computer-assisted
telephone interview, quenied women regandhing demo-
eraphics; medical and reproducuive fustor. meluding
Jdate of last menstrual penad use of alcohol, tobacco.
nd catfeine containmg beverages, cocupanon- sndus-

SPONTANEOUS ABORTION AND WATER 127

try-» and job-related cxposures such as physical exertion;

psychosocial suress; and life events.

ing water (and

respect to both the week
strual period and the
consumption variable
and during pregnancy
the change occurred. Con

Questions concern-

other) consumption were asked with

beginning with the last men-
week before interview. I, for any
s, the amount consumed before
differed, women were asked when
sumption was ascertained for

four types of water: cold rapwater (or drinks made from

cold rapwater) ath
from heated tapwater

ated) water, and carbonated water. Since women olten

reported soda as

most soda is unknown,
cluded in these analyses. Wome

of any tapwarer

usually drank their tapwater

ome, heated tapwater (or drinks mae
) at home, bottled (noncarbon-

carbonated water, and water source for

carbonated water was not in-
n reporting consumption

in cither week were asked how they

stand, or refrigerated it first), as well as

water filcer/purifier (and type

identify the water company and brand of bottled water

(straight from the tap, let it

their use of a

). All women were asked 10

when relevant. In addition, number of showers weekly,

and their average length, was

calculated weekly duration o

times average length of showering.

STATISTICAL ANALYSES

We estimated water consumption {
weeks, the average
interviéew occurred

consumption at

the week before interview. If the interv

asked of all subjects. We
f showering as frequency

glasses per day) at 8
gestational age at interview. If the _
before that time, ‘we assumed that

S weeks was equal to consumption in

jiew occurred at §

weeks or later, and there was no change in water con-
§ weeks, we set consumption equal 1o

sumption before

that in the last menstrua

1 period week. Otherwise, con-

sumption equaled the amount consumed after the

change. We explored
this choice of exposure

ciation between

riod week.

he sensitivity of the analysis to
time by also modeling the asso-

spontaneous abortion and water con-
sumed before pregnancy, and in the last

menstrual pe-

We stratified water consumption into none, moder-

ate, and high. Consumption o
is often recommended
less, the proportion ©

glasses of cold tapwater per day was small {

fore, we selected

classifies 10.2%,

consumers of cold tp,

f 68 glasses a day of water
to pregnant women. Neverthe-
f women drinking =8 or more

5.5%). There-

> 6 glasses per day as the cutoff defining
“high consumption.” The selection of =6 glasses per day
15.4%, and 14.4% of women as “high”

bottled water, respectively, across all reg

report results of i
cutpoints to defi

Because the three

nultivariate mod
ne “high” consumption.

total (hot and cold) tap. and

ions. We alwe

els that use alternanve

study regions differed in Jemo-

eraphic compasition. water CONSUMPLION patLerns, and
water source, we conducred separate analvses m each
study region. Covarrates consulered for nc

tvanate muodels

spontaneous aboruon. We imiti

iy, prier tetal lo

luston in mul-

were those previously associated with

<, bady newghr, smoking

ally considered: aze, par-

, alechol, cat-
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Virus that 'makes humans more stupid’
discovered

PRIN
A A

=

>

A virus that infects human brains and makes us more stupid has
been discovered, according to scientists in the US.

The algae virus, never before observed in healthy people, was found
to affect cognitive functions including visual processing and spatial
awareness. :

Scientists at Johns Hopkins Medical School and the University of
Nebraska stumbled upon the discovery when they were undertaking
an unrelated study into throat microbes.

READ MORE:
HOW TO KEEP YOUR BRAIN YOUNG

- Surprisingly, the researchers found DNA in the throats of healthy
" individuals that matched the DNA of a virus known to infect green
algae.

Dr Robert Yolken, a virologist who led the original study, said: “This
is a striking example showing that the ‘innocuous’ microorganisms
we carry can affect behavior and cognition.
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Chloramine causes collateral bealth damage

HLORAMINE IS A TOXIN

added to drinking water
we receive from the Hetch
Hetchy system. Chloramine is
ammonia added to chlorine
to make chloramine. Listed in
the MSDS industrial chemistry
book, chloramine is to be used
in an emergency and does not
have an antidote. Chloramine
cannot be boiled out of the
water and can kill fish in hobby
tanks and as shown from
research, can cause canine hys-
teria.

QUEST 0PINION
By WiINN PARKER

Hemodialysis patients have
a special consideration not
to have chlormaine in their
blood. They could die in min-
utes.

Chronic kidney disease causes
the organs to slowly lose their
ability to filter waste out of
the blnodsticam. Many of the
20 million people estimated
10 have kidney disease do not
know it. The Public Utility
Commission is asking humans
to be a human processing plant
tor the chloramine in the body.

Charcoal filters cannot take
out the nitrogen in the
amrmonia. The PUC's requested
human processing plant —
which is us — can bioac- |
cumulate the nitrogern-toxins
from an impaired kidney, liver
or impaired immune system.
The bicaccumulation of amine
toxins and secondary cancer
products are going to accumu-
late even in various dosages
of ammonia to chlorine in the
drinking water.

Chlolramine in drinking
water can enter the digestion
and blood stream in another
form called a nitrogen balance.
Nitrogen balance refers to the
difference between nitrogen
intake and total nitrogen loss
in urine, sweat and bowel!
elimination, Ammonia, derived
mainly from breakdown of
amino acids, is toxic to all
animals. Human tissues, there-
fore, initially detoxify ammo-
nia by converting it to
glutamine for transport to the
liver. Collateral health damage
from ammonia upsets the pH
balance of the body. If the
liver is functioning properly,
it releases ammonia converted
into the non-toxic nitrogen-

chloramine interacts with cer-
tain medicines. For example,
chloramine can change the
interaction in the body from
taking antidepressants with
the drinking water. Statins,
which reduce cholesterol
levels, are influenced by-chlora-
mine drinking water entering
the cells of the body. Propecia, -
for male pattern baldness, is

@ interactive with chloramine,

' . . DOUG OAKLEY
Winn Parker of Millbrae is campaigning against the use of
chloramine in Bay Area water supplies.

rich compound urea in the
urine. If the amine of the
liver is compromised, ammo-
nia accunulates in the blood
and generates serious conse-
quences. damage from chloramine

N-nitrosodiumethyamine explained in other scientific
(NDMA), a probably carcinogen, journals, one affecting thyroid
is a likely by-product of clo- metabolism in healthy men

human body. Journal AWWA,
Feb. 2001, Vel. 93, No. 2, pp.
92-99.

There are other examples
of possible collateral health

Chloramine has been known
to cause corrosive pipe deterio-
ration releasing lead and other
toxins from pipes eaten away
by chloramine. This could cost
consumers billions of dollars
a years and adversely impact
public health,

For a short-term solution. con-
sumers should have filters to
remove lead from the water.
The long-term solution is to
eventually replace all signif-
icant lead-bearing materials
that are used in the water
system. This will take gener-
ations to-implement. Rather,

the water, water qualifies to be
labeled as a toxin under Propo-
sition 65.

If it costs close to $400 mil-
lion to have alternative tech-
nologies for our water to be
chemically free, it is a small
price to pay compared to the
$3.5 billion 13-year build-out of
the Hetch Hetchy water system.

After the installation of alter-
native technologies, we will
not have to worry about setting
caps on tort damage lawsuits
resulting from wrongful death
suits against the state, county,
and city councils

Winn Parker is a global medical
and bioscience clinical inteflectual
property venture capital licensing
agreement analyst. He is a
licensed clinical medical scientist
and an expert witness in medical
scignce and biomedical cases, in
addition to being a former consul-
tant to the World Health Organiza-
tion, Pa[ker lives in Millbrae.

AT

ramination of drinking water.
Collateral health damage from

this secondary cancer by-prod--

uct, NDMA, will probably
decrease immunity in the
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and another affecting white
blood cells that are needed for
a healthy immune system.
Research shows there is also
collateral health damage when

we must NOW remove chlora- /r k
mine, which is a toxin and dsstﬁ'zﬂmml
produces secondary cancer THE INDEPENDENT

by-products, and has uncer- at (- 59-2620
tainties and risks. Since chlo- fef/, &x

ramine is a toxin added to !
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Contaminated
Water a Problem

Continued from Page B-1

toxic heavy metal.

The Washington Post reported in October 2004 that the
D.C. Water and Sewer Authority knew in 2001 that its water
contained unsafe lead levels, but “withheld six high test
results and said the water was fine.”

While the Post article did not mention chloramines, it
did say that other cities have similar problems dealing with
unacceptably high levels of lead in their water:

“Cities across the country are manipulating the results of
tests used to detect lead in water, violating federal law and
putting millions of Americans at risk,” the Post reported.
‘Some cities, including Philadelphia and Boston, have
thrown out tests that show high readings or have avoided
testing homes most likely to have lead.”

“In New York City,” the Post wrote, “the nation's largest
water provider has for the past three years assured its 9.3
million customers that its water was safe because the lead
content fell below federal limits. But the city has withheld
from regulators hundreds of test results that would have
raised lead levels above the safety standard in two of those
years.”

The American Water Works Association (AWWA), an
international nonprofit scientific society dedicated to the
improvement of drinking water quality, reported that sam-
ples of Washington water collected after flushing were as
high as 48,000 parts per billion (ppb). Some of the highest
lead concentrations came from taps after one minute of
flushing. .

The EPA's “action level” for lead in drinking water is 15

ppb, while the UN's Woild Health Organization recom-
mends that lead not exceed 10 ppb.

According to the EPA, “If the lead concentration of the
drinking water at the tap is above the action level, the water
supplier may be required to install corrosion-control equip-
ment, monitor the water source, and replace lead service
lines, as well as undertake a public education program.”

After switching to chloraminated water, children in
Washington ingested more than 60 times the EPA's maxi-
mum level of lead with one glass of water.

| "C:tzeé acrqss the couutry are.

AL

ampulatmg_ the results of

“[Lead] contaminated water is a greater risk to youth,”
the EPA notes. A 2-year-old’s estimated daily intake of lead
from all sources should not exceed 190 ppb per day, accord-
ing to EPA guidelines.

In March 2004, after a number of 2-year-olds in
Washington were found to have high levels of lead in their
blood, D.C. City Administrator Robert Bobb said that
23,000 homes with lead service lines would receive filters
within 30 days.

Lead in the drinking water was a problem that plagued
ancient Rome.

Vitruvius, Roman architect and engineer, warned of lead
in his 1st Century B.C. opus De Architectura: “Water from
clay pipes is much more wholesome than that which is con-

ducted through lead pipes, because lead is found to be
harmful . . . hurtful to the human system.

“Hence, water ought by no means to be conducted in
lead pipes, if we want to have it wholesome,” Vitruvius
wrote.

TOXIC BYPRODUCTS

The chlorination of water also creates a host of known
and unknown organic byproducts, which experts say are
“the chemicals of greatest concern” due to their toxicity and
carcinogenic potential.

To reduce the level of harmful DBPs and the odor in the
water, the EPA began promoting chloramination of water in
1994,

While the chloramines reduce the level of known DBPs,
they create a host of unknown DBPs, some of which are
extremely toxic.

In Corpus Christi, Texas, for example, where the water is
treated only with chloramines, the reaction with the bro-
mide and iodide laden source water creates some of the
“most toxic and genotoxic DBPs” ever found.

Although chlorine has been used to disinfect water for
over 100 years, less than 50 percent of the DBPs in chlori-
nated drinking water are known. With chloramines, only 17
percent of the DBPs have been identified.

“The unintended generation of DBPs poses a chronic
health risk,” Dr. Michael J. Plewa, a genetic toxicology
expert at the University of Illinois, wrote. Plewa authored a
2004 EPA-funded study of the effects of chloramines in the
water of Corpus Christi.

In the chloramine-treated water of Corpus Christi,
Plewa’s study discovered a number of new and extremely
toxic DBP’s: iodoacids.

“The jodoacetic acid is the most toxic and genotoxic DBP
in mammalian cells reported in the literature,” Plewa wrote.
Of the known DBPs, the iodoacetic acid found in the drink-
ing water of Corpus Christi was “the most toxic and DNA-
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