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Abstract: Analysis of paired sera from 48 wastewater workers
and controls who reported gastrointestinal illness did not reveal any
excess of seroconversions to Norwalk agent or to rotavirus. Inexpe-
rienced wastewater-exposed workers had higher levels of antibody
to Norwalk agent than did experienced and control workers and
those with high and medium aerosol exposure had higher titres than
those in the low aerosol category. Analysis for Prototheca antibody
titres was essentially negative. (Am J Public Health 1985; 75:83-85.)

Introduction
Workers engaged in sewer maintenance and wastewater

treatment are exposed to a wide variety of routinely found
disease-producing microorganisms. In spite of this exposure,
literature searches have revealed little evidence of occupa-
tional health problems associated with wastewater patho-
gens." 2 In an earlier study of wastewater workers in Cincin-
nati, Chicago, and Memphis,3 an increase in gastrointestinal
illness was observed among inexperienced sewage-exposed
workers when compared to experienced workers and con-
trols; however, there was no consistent evidence of in-
creased parasitic, bacterial, or viral infections as indicated
by stool examinations, cultures, or antibody survey. The
increase in illness occurred in the spring quarter and did not
correspond to the enterovirus season.34 Therefore the pres-
ent study was planned to investigate any association be-
tween Norwalk agent or rotaviruses and the excess episodes
of gastrointestinal illness previously detected among recent-
ly hired wastewater workers. In addition, sera were tested
for an unusual algae, Prototheca wickerhamii which has
been associated with wastewater environments.*

Methods
The previous study from which the present study de-

rives was designed to detect differences in gastrointestinal
infection rates and other indicators of health status between
workers exposed to wastewater and control groups not so
exposed. Total length of the study was 42 months.3 Newly

*Twenty-three cases of histologically-proven infection with Prototheca
algae have been reported5; several were associated with wet environments,
one of which was termed "sewage exposure." Prototheca algae have been
found in waste stabilization ponds and in wastewater treatment plants.6
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hired workers were recruited into the study when hired;
experienced workers had a minimum of two years experi-
ence at the time of joining the study. The mean age of the
workers was 38.4 years and 53 per cent were Caucasian.
Control groups were highway maintenance workers in Cin-
cinnati, waterworks employees in Chicago, and municipal
gas and electric utility workers in Memphis. Additional
demographic characteristics and other details of that study
are described elsewhere.3

Work observation and air sampling were used to catego-
rize aerosol exposure levels relative to other workers at the
same facility. Relative wastewater exposure levels were
determined by a combination of survey questionnaire and
job observation.

Paired sera from a group of 48 workers (Table 1) with
gastroenteritis were tested for antibody to rotavirus and to
Norwalk agent.** Sera used were from routine quarterly
collections before and after the reported illnesses.

Data relating to titre levels of antibody to rotavirus,
worker group, season of year, age, race, type and degree of
exposure, and job classification pertaining to the second
sample tested from each worker were analyzed by analysis
of covariance. Similar analyses were made for Norwalk
agent antibody.

One hundred-eighty-eight serum specimens from 110
study participants were analyzed for IgG antibody to Pro-
totheca wickerhamii algae.*** Single specimens were ana-
lyzed from experienced wastewater-exposed workers and
paired specimens for inexperienced wastewater-exposed
workers and controls. Selection of workers to be tested was
based on availability of serum, race, and sex. Results were
expressed as counts per minute and duplicate analyses were
performed. Antibody response, age, race, sex, geographic
location, exposure group, and economic statust were includ-
ed in an analysis of covariance.

Results

Four-fold or greater titre level increases to rotavirus
occurred in sera from two of 30 inexperienced wastewater
workers and in two of the five experienced workers, indicat-
ing no significant differences among the worker groups. No
differences were detected among the three work experience
groups, or by race, wastewater exposure, aerosol exposure,
job classification, or season in the analysis of covariance.

There was no significant difference in number of sero-
conversion to Norwalk agent among the three exposure
groups. Four-fold or greater titre level increases to Norwalk

**Antibodies to rotaviruses were detected by use of a micro enzyme-
linked immunoassay (ELISA). An indirect sandwich technique was used with
serologically related simian agent, SA-1I virus, as the antigen. This was
grown in primary monkey kidney cells and extracted by treatment with
flurocarbon. Antibody to Norwalk agent was determined by a radioim-
munoassay.7

***IgG antibody to Prototheca wickerhamii algae was determined by a
radioimmunoassay.5 8

tEconomic status was defined as monthly household income ($1,000
units)/(# children + 1) with values <2 being assigned the "lower" category
and values -2, "upper".
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TABLE 1-Antibody Titres to Norwalk Agent in Single Serum Samples by
Selected Variables

Variablest Mean ± Standard Error* N

All Workers*

Location
Cincinnati 3.07 ± 0.54 14
Chicago 2.89 ± 0.46 19
Memphis 1.67 ± 0.52 15

Experience (p = 0.03)
Inexperienced 3.13 ± 0.38 30
Experienced 1.80 ± 0.88 5
Control 1.54 ± 0.54 13

Race (p = 0.06)
White 2.22 ± 0.33 37
Black 3.73 ± 0.60 11

Sewage-Exposed Workers

Wastewater Exposure
Low 2.73 ± 0.60 15
Medium 3.25 ± 1.16 4
High 3.06 ± 0.58 16

Aerosol Exposure (p = 0.08)
Low 1.63 ± 0.57 13
Medium 4.10 ± 0.65 10
High 3.42 ± 0.59 12

Race (p = 0.06)
White 2.54 ± 0.43 26
Black 4.11 ± 0.73 9

*Values represent titre levels categorized as follows: <100 = 1, 100 = 2, 200 = 3, 400
= 4, 800 = 5, etc.

tAge, Job classification (laborer/other), and season not shown-Relationship not
significant or important.

agent occurred in four of 30 inexperienced workers with
gastroenteritis, in none of 13 controls, and in none of the five
experienced workers.

Results of the analysis of the second sera for each
worker (Table 1) indicated that the inexperienced workers
had higher levels than the experienced and control workers
(p = 0.03) and that those with high and medium aerosol
exposure had higher titres than those in the low aerosol
category (p = 0.08). Black workers had higher levels than
White workers (p = 0.06).

Analysis of covariance for prototheca antibody for the
three locations separately revealed that in Chicago experi-
enced wastewater treatment workers and the waterworks
employees had higher values than the inexperienced waste-
water treatment plant workers (p = 0.003) but values for the
control group were almost as high as those for the experi-
enced wastewater worker, suggesting that wastewater expo-
sure itself was not a cause of elevated titres. Race was also a
significant co-variable in Chicago, with White workers hav-
ing higher levels; economic status was a significant co-
variable only in Cincinnati with higher income level having
higher average antibody levels. No differences were detect-
ed between the results of the analysis of the earlier sera
tested and the later sera tested.

Discussion

Inexperienced wastewater-exposed workers had higher
levels of antibody to Norwalk agent than did either the
experienced or control groups after adjusting for differences
in age and other co-variables. No evidence was found that
associated rotavirus or Prototheca wickerhamii antibody
levels with wastewater exposure.

An increase in symptoms of gastroenteritis among
workers at six wastewater treatment plants in Sweden has
been reported by Lundholm and Rylander.9 Our later analy-
ses of viral serosurvey data according to exposure level'0
have also suggested that the subgroups of inexperienced
wastewater workers with higher exposure to wastewater and
bacteria aerosols had higher antibody levels to a group of
enteroviruses.tt However, the fact that antibody level was
not related to length of wastewater exposure in the later
analyses adds support to the conclusions reached in the
previous study3 that the usual occupational conditions at
modem wastewater treatment plants do not pose a major
risk of virus infection. A similar conclusion was reached for
the risk of viral infection among workers at a wastewater
spray irrigation site." A comprehensive retrospective study
of Berlin sewer workers by Anders'2 did not detect any
health problems associated with sewage pathogens. The few
situations where adverse health effects have been detected
were usually associated with sewage farming with untreat-
ed wastes or with other contact with essentially raw
sewage. 13-15

Although most studies of routine exposures at wastewa-
ter facilities reveal little if any risk of disease associated with
wastewater exposure, a number of studies continue to
appear showing some evidence of increased risk of infec-
tions with hepatitis A,16-'8 Leptospirosis,'9-2' and para-
sites.2324 These reports usually stem from investigations
prompted by apparent outbreaks of disease among wastewa-
ter workers and demonstrate that under certain conditions
infections appear to be associated with wastewater employ-
ment. These reports and our findings with inexperienced
workers point up the importance of efforts to minimize
contact with wastewater and to continue to promote basic
hygienic principles.

ttFurther data available on request to authors.
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Vehicular Carbon Monoxide Screening: Identification in a Cross-Cultural
Setting of a Substantial Public Health Risk Factor

ROBERT L. WILLIAMS, MD

Abstract: A community program of screening and education for
prevention of vehicular carbon monoxide (CO) poisoning among a
high-risk population in a cross-cultural setting is presented. The
program was developed after two infant deaths in separate incidents
of vehicular CO poisoning. The results of the screening show 18.6
per cent of vehicles exceeding the Environmental Protection Agen-
cy eight-hour standard for CO exposure, and 2.6 per cent exceeding
the one-hour standard. Extension of such programs to other high-
risk populations is recommended. (Am J Public Health 1985; 75:85-
86.)

Introduction

The medical literature abounds with descriptions of
carbon monoxide poisoning and its management.'-8 The
present study describes a program of primary prevention in
high risk situations of vehicular exposure in a cross-cultural
setting.
Description of Setting

The Crownpoint Service Unit of the Indian Health
Service provides health care through its hospital, clinics, and
public health activities to 12,000 Navajo Indians located in a
4,500 square mile area of northwest New Mexico. The

Address reprint requests to Robert L. Williams, MD, Navajo Area,
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Crownpoint, NM 87313. This paper, submitted to the Journal May 21, 1984,
was revised and accepted for publication August 27, 1984.

beneficiary population's unemployment rate approximated
65-70 per cent in 1982 and per capita income in 1983 was
$2,250*. Many of the residents follow a predominantly
traditional lifestyle and culture, with a large percentage
speaking little or no English. Current scientific concepts,
including those related to illness causation, are incompletely
understood or accepted by the traditional culture.

In March 1982, two Navajo infants suffered sudden
death in separate episodes while riding in vehicles, and were
brought to the emergency room at the Crownpoint Hospital.
Carbon monoxide (CO) poisoning was identified as the cause
in both cases, and the interiors of both vehicles were shown
to have toxic ambient levels of carbon monoxide. In re-
sponse to this, a community carbon monoxide screening and
education program was developed.

Methods

Following a series of educational presentations to health
care providers, the community education program was be-
gun. This consisted of three aspects: 1) an ongoing presenta-
tion by the health educator in the clinic waiting room; 2)
presentations given at community meetings, individual
homes, and field clinics by community nurses and communi-
ty health representatives; and 3) radio and newspaper dis-
cussions and announcements. A device for measuring ambi-
ent CO levels** was then taken to 14 prominent locations
throughout the area, and made available for free testing of
vehicular interiors. The testing was performed in closed

*Navajo Tribe, Department of Economic Planning.
**Energetics science, Ecolyzer (R), CO analyzer, series 2000, model

A1514.
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