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Lack of Effect of Drinking Water Chlorine
on Lipid and Thyroid Metabolism in

Healthy Humans

by Robert G. Wones, Colleen C. Deck,’ Betsy
Stadler,’ Suzanne Roark,’ Elizabeth Hogg,’ and

Lawrence A. Frohman'

Animal studies and a single hvman epidemioclogical study have suggested that chlorine in drinking water may raise the
level of blood chelesterol, The purpose of this study was to determine whether a 4-week exposure to drinking water chlorine
(1.5 L per day) at a concentration of 20 ppm (ppm = mg/L) under controlled conditions would alter circulating parameters
of lipid metabolism in healthy humans. Thirty men and thirty women each completed an 8-week protocol during which
diet (600 mg cholesterol per day, 40% calories as fat) and other factors known to affect lipid metabolism were controlled.
For the first 4 weeks of the protocol, all subjects consumed distilled water. For the second 4 weeks, half of the subjects were
assigned randomly to drink 1.5 L. per day of chlorinated water (20 ppm), while the others continued drinking distilled water.
Four blood samples were collected from each subject at the end of each 4-week study period. Compared to the control group,
those subjects given chlorine showed nao significant changes in total plasma cholesterol, trigtycerides, HIH ~cholesterol,
LDL-~cholesterol, or apolipoproteins Al, A2, or B. There was a trend toward low serum thyroxine and triiodothyronine
levels in men given chlorine, though thyroid-stimulating hormone levels were unchanged. This trend, if real, was not clinical-
ly significant. Thus, short-term exposure to chlorinated drinking water at 20 ppm appears to have no significant impact

on parameters of lipid or thyroid metabolism in healthy humans.,

introduction

Exposure of humans to chiorinated drinking water disinfec-
tants is almost universal in the United States (/). Chlorine is used
by the vast majority of public water systems that disinfect their
water. Even persons who consume water from untreated sources
may be exposed to chlorine in foods (2,3) or in swimming poois.

Revis and colleagues have studied the effect of drinking water
chlorine on lipid metabolism and thyroid function in white
Carneau pigeons (4). Pigeons consuming a high-fat, high-
cholesterol, low-calcium diet experienced a significant increase
in serum cholesterol and a decrease in serum thyroxine when
given chlorinated water todrink. These effects were observed at
low concentrations of drinking water chlorine in the range con-
sumed by humans.

Investigations of the effects of chlorine on human lipid and
thyroid metabolism are limited. Lubbers and colleagues exposed
healthy human volunteers to low and high concentrations of
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chlorine and other chlorinated disinfectants for brief intervals
and observed no effect on total cholestero! levels (5. More pro-
longed exposure to 5 ppm chlorine also had no apparent effect.
However, diet and the intake of other liguids possibly containing
chlorine were uncontrolled, so these studies do not exclude the
possibility that chiorine affects human lipid metabolism,

Wones and colleagues conducted a 15-week dose-response
trial of drinking water chlorine (0, 2, 5, 10 ppm) in 19 healthy men
and observed a clinically small increase (3%) in total plasma
cholesterol levels at chlorine concentrations of 5 ppm and 10 ppm
(6). However, no control group was studied, and it is possible
that the observed increase was due to the protocol diet or other
factors and not to the chlorine.

Zeighami and colleagues reported an epidemiological study
of 40 small Wisconsin communities, 20 of whom chlorinated
their water supply and 20 of whom did not chlorinate their water
supply (7). Women living in communities with chlorinated water
supplies appeared to have slightly higher total cholesterol levels
{about 5%) than women living in communities with unchlori-
nated supplies. There was no significant difference found in men.
While these findings are intriguing, they suggest only an associa-
tion between chlorine in drinking water and serum cholesterol
levels in women. Prospective experimental data are needed to
determine whether this association is causal or coincidental.
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Thus, published reportsinhumans are insufficient to either con-
firm or exclude an effect of drinking water chlorine on human lipid
or thyroid metabolism. The purpose of this study was to determine
if drinking water containing 20 ppm chlorine affected lipid or
thyroid metabolism in healthy women unselected for baseline
total cholesterol levels or in healthy men selected to have baseline
total cholesterol levels above the 50th percentile for their age.

Methods

This study was a randomized, controlled, parallel trial of 8
weeks’ duration. The smell and taste of chlorine at 20 ppm ob-
viated blinding of the subjects or investigators. The study pro-
tocol is illustrated in Figure 1. The protocol consisted of a 4-week
dietary stabilization period during which all subjects drank
distilled water buffered with sodium monophosphate to a pH of
80. The purposes of the baseline period were to achieve stabiliza-
tion on a high-fat, high-cholesterol diet and to allow the effects
of prior exposure to chlorinated water to dissipate. The baseline
period was followed by a 4-week treatment period during which
half of the subjects was assigned randomly to continue consum-
ing buffered distilled water (distilled group), while the other half
was assigned 1o consume 1.5 L per day of drinking waler contain-
ing 20 ppm (ppm = mg/L) chlorine buffered with sodium
monophosphate to a pH of 8.0 (chlorine group). The trial was
conducted in the General Clinical Research Center (GCRC) at
the University of Cincinnati Hospitai and was approved by its In-
stitutional Review Board; all subjects gave written informed con-
sent to participate,

This study used a chlorine concentration 10 times higher than
that routinely found in public water supplies because previous
work by our group found no effect at 2 ppm and only a possible,
small effect at 5 ppm or 10 ppm (6). Because of the results of the
epidemiological study cited above (7), and because the effects
of chlorine on lipid metabolism in females had not been ex-
perimentally determined previously, we first studied healthy
women unselected for baseline cholesterol levels. Because the
impact of drinking water chlorine on lipid metabolism was
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clinically unimpressive inour previous study of unselected men
(6), we next chose to study men with baseline cholesterol levels
above the 50th percentile to determine whether elevated baseline
cholesterol might be associated with an increased responsiveness
to chlorinated drinking water.

Inclusion criteria for the women’s group included: healthy
fernales between the ages of 18-65 years; no medications (in-
cluding birth control pills); and no concurrent illnesses. Inclu-
sion criteria for the men’s group were identical to the women’s
except that screening cholesterol levels for males were required
to be greater than the 50th percentile but less than the 90th
percentile for their age (8.

The study diet was designed individually to satisty the food
preferences of each subject and to be isocaloric. Each subject’s
diet plan was adjusted as necessary by a GCRC dietitian to main-
tain the subject at his or her initial weight. The diet consisted of
20% protein, 40% carbohydrate, and 40% fat. It contained 600
mg of cholesterol/day and a polyunsaturated to saturated fat ratio
of 0.4. Dietary calcium was restricted to 80% of the minimum
daily requirement for American adults.

The characteristics of the study diets were designed to mimic
Revis’ study in pigeons (4). Therefore, the study diets were
relatively high in total fat, saturated fat, and cholesterol. Despite
the high fat and cholesterel content, such diets are not unusual
for many Americans. Only over the last decade have Americans
consumed less fat and cholesterol on average (9). The calcium
restriction also reflects nutritional patterns in this country since
many people, especially women and older Americans, consume
a diet containing 80% or less of the recommended daily allow-
ance of calcium (/0). Study diets were formulated to avoid foods
that contain chlorine (i.e., bleached flour). In summary, the
study diets were designed to maximize the potential for obser-
ving a small effect of chlorine on Jipid and thyroid metabolism,
minimize the influence of extraneous dietary confounders, and
preserve generalizability.

All food was prepared in the GCRC kitchen. Two daily meal
plans were used for each subject so that each person ate the same
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DRINKING WATER: Distliled = 1.5 liter per day distllled water buflered to pH 8.0 with NaHPO,
Chiorine = 1.5 liter per day 20 ppm chiorinated distilled water buffered to pH 8.0 with NaHPO 4

DIET: Isocaloric; 20% protein, 40% fat, 40% carbohydrate; 600 mg cholesterol per day; P:S ratio 0.4.

LABCRATORY: * Total Cholesterol, Triglycerides, HDL-C, LDL-C (calcuiated), T4, T3, T3 resin uptake, TSH,

apolipoproteins A1, A2, and B,

R: Randomization

FiGure L. Study protocol.
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meals every other day for 56 days. Subjects were required to eat
at least two meals and drink no less than 1.5 L of drinking water
each day. These meals and the mandatory drinking water were
consumed in the GCRC under observation. A third meal and a
snack were packed for those subjects who wanted to consume
them at home or at work. Subjects were instructed not to eat or
drink anything which had not been provided for them.

Other lifestyle factors which might affect lipid or thyroid levels
were controlled as well as possible. Subjects were instructed not
to drink alcohol. If they smoked cigarettes, they were asked to
keep their smoking constant throughout the study. They kept
diaries of exercise activities and were asked to keep their exer-
cise habits constant. Subjects were required to refrain from
swimming during the study to avoid exposure to chlorine from
pool water,

Drinking water for each subject was prepared by standard pro-
cedures. Water was distilled and passed through an activated
charcoal filter to remove any trace organic impurities. Before
launching the study, samples of the resulting purified water were
submitted to the Environmental Protection Agency (EPA) Health
Effects Research Laboratory in Cincinnati and were judged to be
free of trace organic impurities. A highly concentrated solution
of chlorine (250 ppm) was prepared by bubbling chlorine gas
through water alkalinized to pH 8.0 with sodium hydroxide. A
concentrated sodium monophosphate buffer solution at pH 8.0
was prepared in the GCRC Core Laboratory. Each day, GCRC
dietary staff mixed aliquots of these concentrated solutions with
distilled water to prepare that day’s drinking water for each sub-
ject. The final pH and chlorine concentration of one subject’s
drinking water was checked each day to assure that subjects ac-
tually received the appropriate concentration of chlorine, Each
subject’s drinking water was prepared and stored in a well-
marked thermos. Studies of these thermos containers docu-
mented that the chlorine concentration was stable for at least 24
hr and that loss of chlorine due to evaporation did not occur,

Subjects were also provided with a thermos of distilled water
free of chlorine and buffer which they could drink at their option
i addition to the 1.5 L of study water which they had to drink.
Consumption of mandatory and optional water was monitored by
daily checks of subjects’ thermoses. Twenty-four-hour fluid in-
takes were recorded daily.

All subjects reporied in the fasting state each morning to the
GCRC for measurement of weight, blood pressure, pulse rate,
and temperature by a GCRC staff nurse, Blood was drawn week-
ly for total cholesterol, triglycerides, HDL cholesterol (HDL-C),
apelipoproteins Al, A2 and B, thyroxine (T4), trilodothyronine
(T3). T3 resin uptake, and thyroid-stimulating hormone (TSH).
During weeks 4 and 8, blood samples were obtained on 4 con-
secutive days. On day 0, 28, and 56, safety tests (serum elec-
trolytes, blood urea nitrogen and creatinine, glucose, liver tran-
saminases and alkaline phosphatase, calcium and phosphorous,
urinalysis, white and red blood cell counts, reticulocyte count,
and methemoglobin) were performed. A single measurement of
glucose 6-phosphate dehydrogenase (G6PD) was made at entry
to detect individuals who might be susceptible to hemolytic
anemia due 1o the oxidizing effects of chlorine.

All blood samples were drawn from the antecubital veins of
supine subjects. Lipid, lipoprotein, and apolipoprotein analyses
were collected in sodium/potassium ethylenediaminotetracetate

(EDTA, 1 mg/mL) anticoagulated tubes, and the plasma was
separated guickly from the cells by centrifugation, The plasma
samples were frozen at ~20°C and analyzed as a batch for each
subject. Total cholesterol, triglycerides, and HDL cholesterol
were measured by microenzymatic procedures, standardized and
monitored through the Center for Disease Control’s Lipid Stan-
dardization Program ({/ ), HDL was isolated using the modified
heparin-manganese chloride procedure (£2). Interference in the
enzymatic procedure was eliminated by the addition of 8 mEq/L
of EDTA to the cholesterol reagent (/3). Apolipoproteins (Ape)
Al and B were quantitated by electroimmunoassay (/4} and Apo
A2 by enzyme-linked immunoabsorbent assay (/5). LDL
cholesterol (LDL-C) was calculated as total cholesterol minus
HDL-C minus triglycerides divided by 5. The other tests listed
above were performed by the clinical laboratories of the Univer-
sity of Cincinnati Hospital using standard procedures which are
available upon request.

Results of the lipid and thyroid function tests were analyzed as
follows. For each subject, the mean of the four consecutive dai-
ly measurements during week 4 was considered as the “‘baseline”
value and the mean of the four daily measurements during week
8, the “treatment” value. The treatment value minus the baseline
value was the “change” value for each person. The primary
analysis compared the mean of the change values for the distilled
groups to the mean of the change values for the chlorine group
using a two-sample 7-test. A secondary analysis using the lipid,
lipoprotein, and thyroid data from all 8 weeks was performed
also using repeated measures analysis of variance. All p-values
were two-tailed. Sample size determinations made before the
study using variance data from a previous study (6), an alpha of
0035, and a beta of 0.20 indicated that 11 subjects would be needed
in each group to observe a change in total cholesterol of 5%.

Resulis

Thirty-one women entered and thirty completed the study pro-
tocol. One woman was dropped from the study on day 23 due to
noncompliance with diet. Entry data for the women in the con-
trol and the chlorine groups are presented in Table 1. No signifi-
cant differences in age, weight, or total cholesterol existed be-
tween the groups. Fourteen women in the distilled group and 12
in the chlorine group were premenopausal.

Baseline, treatment, and change lipid and thyroid function test
results for the women in the chlorine and distilled water groups
are shown in Table 2. There were no differences between the
groups for these parameters at baseline (two-sample 1-tests).
There were no differences between the chlorine and distilled
groups for changes between weeks 4 and 8 in any of the lipid or
thyroid parameters. Similarly, the analysis using the data from
all weeks showed no effect of chlorine on any of these parameters.
No abnormalities in any of the safety tests occurred in either
group. Using the variance data from this trial and assuming an
alpha of 0,05, this study had a 73% chance of detecting a 5%
change (9.5 mg/dL) in total cholesterol.

Thirty-two men began and 31 completed the protocol, and
usable data were available for 30. One subject was eliminated
from the study on day 6 due to a seizure. This subject had a dis-
tant history of a seizure disorder, but he was on no anticonvul-
sant medications at the time of entry and his seizure disorder was
thought to be inactive. One subject in the chlorine group com-
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Tabie 1. Entry data for subjects.

Women Men
Distilied Chlorine Distilled Chlorine
Number of subjects 15 15 5 5
Mean age, years® 338+92 356 + 100 341 4+ 11.3 267 + 4.5%
Age range, years 23-56 21-56 23-55 21-34
Weight, kg* 683 + 185 667 + 184 760+ 7.5 737 + 10.5
%igh{ Tange, kg 47-111 44-103 68-05 50-93
Entry cholesterol, mg/dL* 1733 + 287 1831 + 374 212 + 340 2094 + 271
Entry cholesterol range, mg/dL 123-227 135-264 157-274 178-258
Race
Caucasian 9 7 7 u
Black 5 7 8
Oriental 1 1 0 1
Previous source of drinking water
Tap 15 15 13 13
Bottled 0 0 1 2
Well 0 0 1 0
*Mean + SD.
*p =003,
Table 2. Effects of 20 ppm chlorine on lipid and thyroid parameters in women,"
Parameter Number of subjects Group Baseline Treatment Change® p-Value®
Total cholesterol, mg/dL 15 Distilled 1823 + 6.68 1828 + 7.23 —-4.00
0.87
15 Chlorine 1963 +11.03 1950 +11.39 -1.30
Total triglycerides, mg/dL 15 Distilled 575 £ 706 578 + 6.62 +0.30
0.74
15 Chlorine 676 +1092 669 11048 -0.70
HDL cholesterol, mg/dL 15 Distilled 575 + 347 582 1t 333 +0.70
0.68
15 Chlorine 599 + 298 611 + 330 +1.30
LDL cholesterol, mg/dL i5 Distilled 1143 + 671 113.1 + 7.65 —1.20
0.78
15 Chlorine 1229 +10.18 1205 <+ 9.83 —2.40
LDL/HDL ratio 15 Distilled 211 £ 020 208 £ 0.21 —0.03
0.52
15 Chilorine 2.17 £ 0.24 208 + 022 -0.09 -
Apclipoprotein Al, mg/dL 15 Distilled 136.2 + 400 1364 + 4.38 +0.20
0.88
15 Chlorine 1354 + 330 1370 + 3.5 +1.60
Apolipoprotein A2, mg/dL 15 Distilled 394 + 1.14 402 4 140 +0.80
0.20
15 Chiorine 459 + 2,10 445 + 2.04 —1.40
Apolipoprotein B, mg/dL 15 Distilled 101.8 + 562 1068 + 7.00 +5.00
0.75
15 Chlorine 1088 + 752 1119 + 7.29 +3.10
T4, ug/dL 15 Distilled 699 + 041 722 £ 033 +0.23
0.56
15 Chlorine 7.82 + 0.29 790 + 037 +0.08
T3, pg/dL 15 Distilled 117.3 + 579 1165 + 4.28 —0.80
0.92
15 Chlorine 1250 + 3.88 1237 4 443 -1.30
T3 Resin uptake, % 15 Distilled 939 + 28 935 4+ 195 -0.40
0.52
15 Chlorine 920 + 220 925 <+ 2.03 +0.50
Thyroid-stimulating hormene, pU/mL 15 Distilled 293 + 0.28 310 £ 029 +0.17
0.20
15 Chlorine 265 + 013 263 + 0.13 -0.02

“Mean + SEM for each parameter.
"Change = treatment (week 8) — baseline (week 4).
“p [Change (distilied) = change (chlorine)] is less than the value shown.

pleted the protocol but his data were not included in the analyses
because he developed a viral gastrointestinal illness during the
fourth week of the study that led to a major decrease in his
cholesterol values so that his baseline period results were not
representative of his usual state, Entry data for the men are

presented in Table 1. The mean age of the chlorine group was
slightly lower than that of the distilled group, but there were no
differences in weight or total cholesterol at entry.

Baseline, treatment, and change lipid and thyroid function test
results for the men in the chlorine and distilled water groups are
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Table 3. Effects of 20 ppm chlorine on lipid and thyroid parameters in men.*

Paramerer Number of subjects Group Baseline Treatment Change” p-vaiue’

Total cholesterol, mg/dL 15 Distilled 2155 1+ 811 2224 1+ 7.9 +6.90
0.12

15 Chlorine 201.7 + 7.88 2028 + 9.10 +1.10

Total triglycerides, mg/dL 15 Distilled 762 1+ T.21 81.8 + 824 +5.60
0.35

15 Chlarine 781 + 5.67 798 + 7.21 +1.70

HDL chalesterol, mg/dL 15 Distilled 489 + 3.75 49.1 + 3.88 +0.20
0.64

15 Chlorine 496 + 297 494 + 293 ~0.20

LDL cholesterol. mg/dL 15 Distilled 151.4 + 7.10 1569 + 6.30 +35.50
0.15

15 Chlorine 136.5 + 6.8 1375 + 8.29 +1.00

LDL/HDL ratio 15 Distilled 334 + 026 348+ 0.29 +0.14
0.20

15 Chlorine 286 + 0.18 2.8+ 0.21 +0.03

Apolipoprotein A}, mg/dL 15 Distilled 12800 + 456 1328 + 423 +4.80
0.28

15 Chlorine 1300 + 448 1302 + 4.06 +1.20

Apolipoprotein A2, mg/dL 15 Distilled 446 F 235 450 + 2.7 +0.40
0.65

15 Chlorine 49 2+ 116 49 + 160 0.00

Apolipoprotein B, mg/dL 15 Distilled 1296 = 6.19 1365 + 569 +6.90
0.39

15 Chlorine 11834 + 518 1173 + 586 -1.10

T4, pg/dlL, 15 Distilled 7.94 + 026 815 0.27 +0.21
0.05

15 Chlorine 7.97 + 0.47 7.86 + 041 ~0.11

T3, pgrdl. 15 Distilled 1366 + 525 1388 + 4.719 +2.20
6.04

15 Chlorine 138.1 + 8.29 1331 + 8.3 —5.00

T3 Resin uptake, % i5 Distilled 93.3 + 241 926 &+ 2.50 —0.70
&.61

15 Chlorine 99.1 + 2.67 99.0 + 2.56 —0.10

Thyroid-stimulating hormone, pU/mL {5 Distilled 2.38 + 0.20 236+ 0.16 -0.02
(.38

[5 Chlorine 234 £ (.19 244+ 025 +0.10

*Mean & SEM for each parameter.
*Change = ureatment (week 8) ~ baseline (week 4).
“p [Change (distilled) = change (chloring)] is less than the value shown.

shown in Table 3. No significant differences between the groups
at baseline were evident (two-sample r-tests). There were no
clearly significant differences berween the groups either by com-
paring treatment (week 8) to baseline (week 4) or by repeated
measures ANOVA using the weekly data. The small decreases
in thyroxine and triiodothyronine in the chiorine group relative
to the distilled water group were judged not to be meaningful
because of borderline statistical significance and because
thyroid-stitnulating hormone levels did not change. Meaningful
changes in thyroxine and triiodothyronine shouid be accom-
panied by changes in thyroid-stimulating hormone levels. The
absence of such changes suggest that no physiologic impact on
thyroid metabolic status occurred as a result of chlorine inges-
tion. No adverse changes in any of the safety tests were seen in
either group. Using the variance data from this trial and assum-
ing an o of 005, this study had a 79% chance of detectinga 5%
change in total cholesterol.

The data for both the men and the women were examined
qualitatively to determine whether any identifiable subgroup
might have been affected by the drinking water chlorine even
though the averall analyses showed no effect. Formal statistical
analyses of subgroups were not possible due to the small numbers

of subjects in each subgroup. No subgroups based on age, race,
baseline total cholesterol, or source of prestudy drinking water
appeared to be uniquely affected by the chlorine.

The drinking water was well tolerated by the subjects. Three
women experienced loose stools at the beginning of the 4-week
chiorine treatment period that resolved by the seventh day of
treatment. One woman experienced intermittent loose stools dur-
ing both the 4-week baseline period and the 4-week chlorine
treatment period. This subject weighed 45 kg and the loose stools
may have been refated to the ingestion of a larger-than-usual
volume of water. Two men in the distilled group and two men in
the chlorine group reported gastrointestinal complaints while on
the protocol. In the distilled group, one subject had a single
episode of diarrhea during the fifth week, while the other sub-
ject had intermittent diarrhea and mild abdominal cramps dur-
ing the last 4 weeks of the study, In the chlorine group, one sub-
ject had one episode of constipation during the 8 weeks and one
subject had 3 days of loose stools at the beginning of the chlorine
treatment period that resolved by the fifth week. Two women
subjects who received chlorine were found to be G6PD deficient
at entry into the study, but they experienced no detectable
hemotlysis while drinking chlorinated water.



380 WONES ET AL.

Discussion

The short-term (4 weeks) consumption of chiorinated drink-
ing water (20 ppm) does not affect circulating parameters of lipid
or thyroid metabolism in healthy women unselected for baseline
total cholesterol Jevels or in healthy men with baseline total
cholesterol levels above the median for their age. These data in
humans are contrary to results from tnvestigations in animals
showing an increase in serum cholesterol after administration of
various doses of chlorinated drinking water (0.1-30ppm) (2.4).
Our findings support previous uncontrolled results in humans by
Lubbers and colleagues (5) who found no significant effect on
serum cholesterol from either a single-dose exposure io chlori-
nated water.(0.1 ppm to 24 ppm) or from a 12-week exposure to
0.5 L/day of 5 ppm chlorinated water.

The results of these studies suggest that the 3% increase in total
cholesterol we observed in a previous, uncontrolled study (6)
was not due to the ingestion of drinking water chiorine but was
more likely due to the protocol diet. The men in the distilled
group in the study reported here experienced a 3% increase in
total cholesteral between the end of the baseline and the end of
the treatment periods despite the fact that they did not receive any
chlorine. Indeed, the men who consumed chlorine experienced
a smaller increase in total cholesterol between the end of the
baseline and the end of the treatment period (not statistically
significant).

Cur results also fail to confirm the possible association found
by Zeighami et al. (7) between drinking water chlorine and blood
cholesterol in women. These conflicting results could be
explained in one of several ways. It may be that drinking water
chlorine has no effect on human lipid levels and the association
found in the epidemiological study reflects other unknown fac-
tors that are related (o both drinking water characteristics and
blood cholesterol levels. Alternatively, it may be that drinking
water chlorine does cause an increase in blood cholesterol levels
but that we missed such an effect in this experimental study
because the period of exposure was too brief, our subjects were
too heaithy or too young, or too few subjects were studied to
detect a very small change.

One unanticipated result was a fall in total cholesterol from en-
try to baseline in the men’s chlorine group. We expected total
cholesterol levels to increase from entry to baseline because we
were feeding subjects high-fat and high-cholesterol diets. This
occurred as expected in both women’s groups and in the men’s
distitied group. The unexpected fall between entry and baseline
in the men's chiorine group could have been a chance result or
could have been related to the prestudy diets of the subjects. This
finding, while interesting, does not invalidate our conclusions
because the principal end point was the change between baseline
and treatment, nof between entry and treatment. Indeed, had we
compared entry to treatment, it would appear that chlorine had
a cholesterol-lowering effect in men.

The principal limitations of this study were the relatively brief
baseline and treatment periods and the good health of the subjects
studied. Almost all subjects consumed chlorinated drinking
water from local water supplies before entry into the protocol.
The 4-week baseline period may not have been long enough to
achieve adequate washout of the effects of previously ingested
chlorine. Aliernatively, the 4-week treatment period may have
been too brief to see an effect. The length of the baseline and

study periods were chosen based on the clinical observation that
most factors that affect blood cholesterol levels, including diet,
do so within a time span of 4 weeks (16). Also, practical con-
siderations involved with studying humans limited the maximum
possible length of exposure. The other possible limitation of this
study was that the subjects, by design, were healthy. Indeed, the
average baseline total cholesterol level in women in the study was
below 200 mg/dL. The men were selected to have higher baseline
levels but they also were uniformly healthy except for mildly in-
creased cholesterol levels. It may be that people who are not as
healthy overall as our subjects would be more affected by drink-
ing chlorinated water.

In summary, this randomized, controlled trial failed to show
any meaningful effect of drinking water chlorine at a concentra-
tion of 20 ppm on parameters of lipid or thyroid metabolism in
heaithy men and women. While the resuits of animal studies and
an epidemiological survey are interesting and merit further study,
the consistent lack of prospective, experimental evidence in
humans linking drinking water chlorine to changes in parameters
of lipid and thyroid metabolism argues that major changes in
water disinfection practices in response to concerns about hyper-
cholesterolemia are not warranted at this time.
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