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work suggests that, with the exception of
men whose military occupation entailed
handling herbicides, most US Army com-
bat troops who served in Vietnam were
not heavily exposed to dioxin.12 Since no
other factor in the Vietnam experience has
been linked to the increased NHL risk,
reasons for the excess found in this study
and two other studies remain unclear. O
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Endemic Giardiasis and Municipal
Water Supply
G. Graham Fraser, MB, ChB, MSc, and Kenneth R. Cooke, MB, ChB, PhD

Introdution
Epidemics of waterbome giardiasis

originating from water supplies have been
clearly associated with surface catch-
ments, treatment systems that do not
eliminate Giardia cysts, and downstream
contamination of the reticulation
system.1-5 In contrast, there have been
few tests of the hypothesis that surface
catchment waters contribute to endemic
giardiasis where treatment systems can-
not eliminate cysts.16,7

Giardia cysts have only recently
been isolated from water supplies in New
Zealand. No substantive epidemics attrib-
utable to giardiasis have yet been docu-
mented. Many municipal supplies use sur-
face waters and simple treatment methods
that would not reliably filter or deactivate
giardia cysts.3,8

The present study took advantage of
a natural experiment-the divided water
supply of the city of Dunedin, New
Zealand-to test the hypothesis that en-
demic giardiasis might be transmitted by
unfiltered municipal water supplies.

Methods
Dunedin (population 89,000) is sup-

plied almost entirely by water from sur-
face catchments. Most water is filtered by
mechanical microstrainers (screen size 23
jLm). Part of the city water is treated at a
modem station (Mount Grand) using
coagulation/flocculation and direct dual
media filtration (anthracite and silica sand)
that would normally be expected to re-
move any Giardia cysts present.3'8 All wa-
ter supplies are chlorinated and fluori-
dated.

Records of all laboratory-proven
cases of giardiasis from persons residing
within the Dunedin municipal water sup-
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ply area were obtained from the two med-
ical laboratories in the city for two periods
(February to December 1986 and April
1987 to February 1988). Each record in-
cluded age, sex, residential address, pres-
ence of Giardia or other pathogens, and
the date of receipt of the fecal specimen.
The laboratory diagnosis was made by di-
rect microscopy following formalin-ethyl-
acetate sedimentation and iodine staining.
The denominators for rates were obtained
from the 1986 Census of the usually resi-
dent populations of the respective water
supply areas.9

A case-control study was also con-
ducted using cases in the 1987-88 period.
Controls were selected from the popula-
tion referred for laboratory parasitology
examinationwho had negative findings for
giardiasis. Three controls were selected

per case; cases and controls were matched
for age, sex, and season of occurrence of
infection. Cases and controls were classi-
fied blindly by city council water engi-
neers according to whether their resi-
dences were "ever" exposed to
microstrained water during the presumed
period of infection (defined as seven days
to four weeks before the receipt of the
fecal specimen).10

Relative risks, odds ratios, and con-
fidence limits were computed using the
programs of Rothman and Boice.11

Results
Fifty primary household cases of gi-

ardiasis were diagnosed in the two study
periods. Subsequent cases in a household
were excluded from the analysis (13 cas-
es). Four further cases were excluded
through insufficient or absent information
on domicile.

The incidence of laboratory-con-
firmed giardiasiswas greatest in preschool
children and in the 15-34 age group (Table
1). The incidence of laboratory-proven gi-
ardiasis for residents ofthe two water sup-
ply areas are given in Table 2. In the first
study period, 28 of the 29 cases were res-
idents in areas supplied by microstrained
water; the remaining case was in an area
traditionally supplied by a blend ofthe two

supplies. In the second study period, 19
cases resided in the microstrained areas
and two cases in areas that received the
Mount Grand supply. The relative risk of
laboratory-confirmed giardiasis for resi-
dents of areas supplied by microstrained
waterwas estimated at 3.3 (one-tailed P =
0.04). The risk ratio was essentially un-
changed following indirect standardiza-
tion for age.

In the case-control study the odds ra-
tio for exposure to microstrained water
was 1.8 (90% CI = 0.5, 6.5) (Table 3).

Discussion
The present findings suggest that en-

demic giardiasis can originate from the
municipal water supply. Both the inci-
dence estimates and the case-control anal-
ysis indicate a greater risk of laboratory-
diagnosed giardiasis among residents of
areas whose supply was treated only by
mechanical filtration and chlorination.

The study was small and of corre-
spondingly weak statistical power. As it
was limited to the analysis of laboratory
reports, information on some possible
confounding factors was not available.
However, some potential confounders are
either unlikely to have had a significant
effect, orwould have operated as negative
confounders. Age differences were not
sufficient to account for differences in
rates observed. The area with low rates
included the most mobileyoung adult pop-
ulation. The two population areas may
have differed in physician practice styles
in the investigation of gastrointestinal
symptoms, but this should have been ac-
counted for by the case-control study. As
most workplaces are supplied by Mount
Grand water, misclassification from con-
sumption of cold water at work would be
expected to bias the relative risk toward
unity. A small proportion of the controls
may have had giardiasis (due to the inter-
mittent nature of Giardia excretion) but
this would bias the odds ratio toward
unity.

The consistency of our findings with
those of other case-control and descrip-
tive studies1l6,7 strongly suggests that
transmission ofendemic giardiasis can oc-
cur via municipal water supplies that do
not use filtration technology capable of re-
moving Giardia cysts. C
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The Microbiologic Quality of Drinking
Water in North Carolina Migrant
Labor Camps
Stephen Ciesielstk, PhD, Thomas Handzel BS, and Mark Sobsey, PhD

Intodution
Although migrant farm workers are

known to have a high prevalence of en-

teric infections,1-7 many of which are
water-borne, the potability ofdrinkingwa-
ter used by migrants has received little
attention. This report presents the results
of a two-year study of the microbiological
quality of drinking water in North Caro-
lina migrant labor camps.

Methds

In 1988, a random sample of 21 mi-
grant camps was selected from a pooled
list of camps in eastern North Carolina.
Water was also tested in six additional
camps, which were part of a related study
of the incidence of enteric parasites in mi-
grant farm workers, and 10 control sites
(nearby rural businesses and residences).
In 1989, all 23 inhabited study camps from
the previous year were retested, along
with seven additional nonrandomly se-
lected camps. In all camps in both years,
waterwas tested by county health depart-
ments prior to occupancy, the results of
which were obtained after field study was
completed.

Water samples were collected from
taps (without aerators) into sterile 1 liter
sampling bottles, kept chilled and ana-

lyzed within 24 hours. Microbiological
testing of 100 ml sample volumes for total
and fecal coliforms and E. coli was done

according to standard protocols using
membrane filter methods.8 Sites with ini-
tial positive tests were retested when pos-
sible.

Fisher's Exact Test (two-tailed) and
Chi-square tests were employed in data
analysis.

Results
1988 Results

The bacteriological results for water
samples from the 27 camps and 10 control
sites are summarized in Table 1; 12 (44
percent) were positive for total coliforms
with counts ranging from 1-186 colony
forming units (CFU). Eight of these sites
were retested and all were positive again.
Seven samples (26 percent) were also pos-
itive for fecal coliforms. Two of 10 sam-

ples were positive for E. coli. All 10 con-
trol sites were negative for total and fecal
coliforms. The presence of latrines (as op-
posed to flush toilets) was associated with
total coliform occurrence in water (p =

0.024; Fisher's Exact Test).
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