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PREFACE

In November 1993, when NIOSH published a request for existing information on

employee transported home contamination in the Federal Register, only some 60
references to the published literature were in hand. Following an intensive

search of the literature together with a substantial response to a public

request for information, over 350 citations became available for this report.

Although the Legislative directive (Public Law 102-522, Section 209, the
Worker’ Family Protection Act, 29 U.S.C. 671a) to conduct this study of
contamination of workers homes by substances carried home on workers' clothing
or bodies was only enacted on October 26, 1992, this is not a new problem. In
1905, W. Lehmann published an article in Germany in which he described a
family in which the mother and young child of a worker with chloracne also
developed the disease. Lehmann wrote ". . . the worker in whose family the
diseases occurred was a notoriously unclean person who had repeatedly failed
to follow the instructions and whose wife was known to be sloppy. Was it not
possible that the worker who thought nothing of wearing his work clothing at
home carried the substances in with his clothing? And could these substances
not have been ingested during meals with unclean hands on objects that had
come in contact with them?® Lehmann also wrote of a laundress who developed

chloracne as a result of washing the contaminated clothing of workers.

Thirty years after Lehmann’s report was published in Germany, a similar case
was reported by Fulton and Matthews in 1936 from the Penmsylvania Department

of Labor and Industry. In this case a child’s father was exposed to

it



hexachloronaphthalene and chlorediphenyl. The man returned hcome from work and
played with the child in his soiled clothing. The father and son slept
together, the father in his underwear. A younger sister was also developing

chloracne.

An additional ten pre-1960 articles have been uncovered that identified
beryllium, diethylstilbestrol, mercury vapor, toxaphene, and lead as hazards
to the families of workers. These reports also call attention to the special
hazards that exist where the home and workplace are closely associated such as

farms and "cottage" industries.

Beginning with reports in 1965 by Kiviluote and by Newhouse and Thompson of
asbestosis and mesothelioma among family members of asbestos workers, a
substantial number of such cases have been, énd continue to be identified
worldwide. A particular hazard to wives of asbestos workers was laundering

the contaminated clothing,

Lead poisoning in a family engaged in recovery of gold from jewelry in a
"cottage" type operation was reported from India in 1971 that demonstrated the
hazards to children playing in the work area. There followed during the 1970s
an additional 15 citations to contamination of the homes of lead workers, and
such reports continue to appear in the current literature. During the past
two years 15 new reports of contamination of the homes of lead workers have
become available; nine of these were submitted to NIOSH in response to its

request for current information and would not otherwise be known.

iii



This report to Congress and to the Workers' Family Protection Task force
summarizes the incidents of employee transported home contamination that this
study has discovered including the health consequences, the sources, and the
level of contamination. The report contains information on the effectiveness
of preventative measures and of cleaning and decontamination procedures that
have been used or studied. Finally the report summarizes the laws and
regulations that are relevant and responses of federal and state governmental

agencies to incidents of employee transported home contamination.

The report should be useful not only to Congress and the Workers' Family
Protection Task Force in deciding future actions, but also to all who have
responsibilities and concern for protecting workers and their families from

needless illnesses.
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.a ~
INTRODUCTION "y 4 o

Because of repeated reports of contamination of workers’ homes in their
states, identical bills, HR845 and S353, were introduced in 1991 by

Mr. Ballenger (North Carolina) and Mr. Jeffries (Vermont) in the U.S. House of
Representatives and the U.S. Senate, respectively. The Senate Subcommittee on
Labor of the Committee on Labor and Human Resources held a hearing on §353 on
July 26, 1991. Following the hearing, the Committee on Labor and Human
Resourcés revised $353 and issued a report on November 27, recommending the
revised bill to the Senate. The reﬁised bill was incorporated into the Fire
Administration Authorization Act of 1992 [Public Law 102-522] as Section 209
of that law, which was enacted on October 26, 1992. Section 209, the Workers'’

Family Protection Act, appears in the United States Code at 29 U.S.C. 671la.

The Workers’ Family Protection Act requires the Director of the National
Institute for Occupational Safety and Health (NIOSH) to conduct a study not
later than 18 months after the date of its enactment. The study is to be
conducted in cooperation with the Secretary of Labor, the Administrator of the
Environmental Protection Agency, the Administrator of the Agency for Toxic
Substances and Disease Registry and other Federal Government agencies the
Director determines to be appropriate. The purpose of the study is to
evaluate the potential for, the prevalence of, and the issues related to the
contamination of workers’ homes with hazardous chemicals and substances,
including infectious agents, transported from the workplaces of the workers.
The study is to consist of: (1) a review of past incidents of home

contamination reported in the literature and in the records of NIOSH, the



Occupational Safety and Health Administration (OSHA), the States, and other
governmental agencies, including the Department of Energy (DOE) and the
Environmental Protection Agency (EPA); and (2) an evaluation of current
statutory, regulatory, and voluntary industrial hygiene or other measures used
by small, medium, and large employers to prevent or remediate home

contamination.

NIOSH is to prepare a report consisting of a summary of existing research and
case histories conducted on incidents of employee transported contaminant
releases, including:

| The health effects, if any, of the resulting exposure on workers and
their families.

. The effectiveness of workplace housekeeping practices and personal
protective equipment in preventing such incidents.

] The effectiveness of normal house cleaning and laundry procedures for
removing hazardous materials and agents from workers’ homes and personal
clothing.

. Indoor air quality, as the research concerning such pertains to the fate
of chemicals transported from a workplace into the home environment.

. Methods for differentiating exposure health effects and relative risks
associated with specific agents from other sources of exposure inside

and outside the home.

In conducting the study and preparing the report, NIOSH has taken a broad
approach to the problem of workers’ home contamination in order to ensure that

relevant Information is included. In general, studies that involved



reproductive effects related to the exposure of workers were excluded.
Although these cculd in a broad sense be related to protection of the family,
they are usually not related to contamination of the home by the worker. Some
of the reports that may relate to hobbies were included because the
distinction between hobby and "cottage industry" is not always clear and the
situations may be similar. Reports where family members were exposed by
visiting the workplace were included, as were reports where living quarters
adjacent to workplaces were contaminated. Studies of contamination of homes
from other sources were included if they provided relevant information about

levels of contamination, methods of measurement, or decontamination.

The report is arranged to address the issues identified in the Act. First,
the studies relating to health effects are reviewed by substances. Details of
the studies are presented in Tables and overviews of the findings for each
contaminant are presented in the text. The second section is a review of the
industrial hygiene aspects. The industrial hygiene data from the various
studies was extracted into a table and the findings are summarized in the text
for: (a) sources of contamination; (b) concentrations found in homes,
automobiles and clothing; (c) the measures taken at the workplace that impact
on or prevent contamination of the home and their effectiveness; and (d)
procedures used and the effectiveness of home decontamination and (e)

laundering.
In(;inal sections federal and state laws that are operative and the responses

of federal and state agencies to incidents of home contamination are reviewed.



METHODOLOGY

In July 1993, a working group was formed with representatives from each NIOSH
Division to plan and implement a strategy to conduct this study. Specific
task areas were assigned to members of this working group. Several Federal
Agencies including the Agency for Toxic Substances and Disease Registry
(ATSDR), the Enviromnmental Protection Agency (EPA), the Occupational Safety
and Health Administration (OSHA), the Department of Energy (DOE), the Mine
Safety and Health Administration (MSHA) and the Centers for Disease Control

and Prevention (CDC) provided assistance in conducting the study.

The NIOSH working group obtained information for this report through a variety
of routes. On November 15, 1993, a Federal Register Notice entitled "National
Institute for Occupational Safety and Health: Request for Existing Information
Relevant to Implementing the Workers' Family Protection Act," was published
[Appendix 1]. The Notice requested information on several topics including
measurements of home contamination, reports on government actions occurring as
a result of home contamination incidents, preventive measures used by
employers, and effectiveness of industrial hygiene practices. This Notice was
announced in CDC's Morbidity Mortality Weekly Report (MMWR) on

December 10, 1994 [Appendix 2], by E-mail to state agencies involved in NIOSH
occupational health programs and cooperative agreements and to county
agriculture extension agents. A request for information was also distributed

to Poison Control Centers.



In January 1994, NIOSH sent over 1,100 letters to associations and state and
federal agencies and programs requesting information relevant to this study.

The Federal Register Notice was enclosed with these letters.

Over 50 written and several telephone responses were received. (The mailing
lists used and copies of written responses are available from the NIOSH Docket
Office.) Working group members followed up on several federal, state, and
local agency responses. All state-plan occupational safety and health offices

were contacted by telephone to obtain a copy of relevant state laws.

Key-word literature searches were conducted in various databases. Articles
and reports identified in these searches were obtained and reviewed for
relevance. In most cases, cited references from these reports and articles

were retrieved and reviewed as well.

By the end of February 1994, most of the responses to the various requests for
information had been received and most identified published literature
obtained. This information was distributed to the working group members for

their review and compilation into the sections of this report.



FINDINGS
(1) Incidences of Take-Home Contamimation - Health Effects
(a) Beryllium
Occupational lung disease from beryllium exposure has been recognized for
over 50 years [Chamberlin et al. 1957; Hardy 1965; Hardy 1948; Hardy et al.
1967]. Chronic beryllium disease, an occupational granulomatous lung
disorder, is still identified and it afflicts the small percentage of
beryllium-exposed workers who develop beryllium-specific, cell-mediated

immunity [Kreiss 1989; Newman 1989; Kreibel 1988].

Historically, non-occupational chronic beryllium disease has been described
among residents living in the community surrounding a beryllium production
plant [Eisenbud et al. 1949; Stermer and Eisenbud 1951; Chesner 1950] and
among family members of beryllium workers who were presumably exposed to
beryllium-contaminated clothing [Eisenbud et al, 1949; Sterner and Eigenbud

1951; Eisenbud and Lisson 1983].

Although chronic beryllium diseass is generally‘- described among workers in
whom a history of past beryllium exposure is identified, 65 non-
occupational cases were reported to the U.S.f Beryllium Case Registry during
the 1940s and 19508 [Eisenbud and Lisson 1983), these were recognized
during a time when the beryllium industry did less to control environmental
exposures. Twenty-three of these cases“re attributed to household
exposure to dust brought home on work ciothes and 42 to ambilent air

pollution [Eisenbud and Lisson 1983]. It is noteworthy, that even with

improvements in control of industrial exposure, occupationally related



beryllium disease continues to occur in an unchanged small percentage of
exposed workers [Cullen 1986; Rossman 1988] and the actual number of
current and former beryllium-exposed workers in the United States remains

uncertain.

Until a 1992 report [Newman and Kreiss 1992], no household or air pollution
cases had been reported in more than 30 years [Lieben 1959; Sussman 1959].
The relative disappearance of such cases has been attributed to lmproved
control of air emissions and improved work practices such as mandatory work
clothes exchange [Eisenbud and Lisson 1983]. Although it is also possible
that household and community cases of betyll;ungdisaase may still be
occurring but are unrecognized nrrudadiagnﬁsed.g Because chronic beryllium
disease is readily confused with ‘atcoidosis [Sprince 1976], persons in the

community with this disorder may be misclassified as haﬁing granulomatous

lung disease of unknown etiology.

The correct diagnosis of chromic beryllium disease has implications both
for individuals and for public health prevention activities [Cullen 1987;
Coates 1983; Hasan and Homayoun 1974]. Individuals with granulomatous lung
diseases should have a careful occupational and eanvironmental history, and
if a history of direct or indirect contact with beryllium is identified,
additional testing should be comsidered [Kreiss;1989; Newman 1989].

Reports of non-occupational cases suggest th;t ;ntil more is known, even
persons with seemingly minor, incidental beryllium exposure should be
considered to be at risk [Bohne and Cohen 1985] and efforts to reduce

exposures should continue,



1985] and efforts to reduce exposures should continue.

(b) Asbestos
Household contacts of asbestos-exposed workers are at increased risk of
mesothelioma, lung cancer, and non-malignant parenchymal and pleural
abnormalities. Three cohort studies (Table 1), six case-control studies
(Table 2), and numerous case reports provide evidence of adverse effects

in family members of asbestos workers.

Mesothelioma among household contacts of asbestos-exposed workers is a
sentinel event for exposure from home contamination by asbestos [Gardner
and Saracci 1989]. Although increased risk of lung cancer amoeng
household contacts of asbestos workers has been observed, the high
prevalence of cigarette smoking among lung cancer cases frequently makes
it difficult to detect cases which may be caused by exposure to asbestos

by workers’ inadvertent contamination of the home.

Most cases of mesothelioma among workers’ family members occur in
households where asbestos-contaminated work clothing were laundered at
home. It is of interest to note that male children of asbestos workers
appear to be at increased risk when compared with female children

[Anderson 1979b; Kilburn et al. 1985, 1986].

Investigators from Mount Sinai Schoel of Medicine, The City University
of New York [Anderson 1983; Anderson et al. 1976, 1979a, 1979b; Joubert

et al. 1991; Nicholson 1983; Nicholson et al. 1980] studied household



contacts of 1664 amosite asbestos workers who manufactured thermal
insulation (Table 1). The prevalence of parenchymal and pleural
abnormality twenty or more years after first household exposure was 48%
among wives, 21% among daughters, 42% among sons, and 37% among siblings

{anderson 1979b].

Quantitative risk assessment for para-occupational exposure is difficult
because fiber exposure measurements are not available. Nicholson [1983]
has measured fiber levels in homes of asbestos miners and millers.

38.5% of 13 chrysotile samples taken between 1973-1976 from homes of

asbestos workers exceeded 200 ng/m® (range 100-5000 ng/m?).

Risk estimation is also difficult because most studies of para-
occupational exposure are embedded within larger studlies. Cases are
individually matched to controls, but results from matched analysis are
rarely reported for para-occupational exposure, making risk estimation

problematic {Gardner and Saracci 1989].

The Mount Sinai [Anderson 1983; Anderson et al. 1976, 1579a, 1979b;
Joubert et al. 1991; Nicholson 1983; Nicholson et al. 1980]
investigators studied morbidity and mortality among a cohort of
household contacts of amosite workers employed in a New Jersey asbestos

insulation materials factory between 1941 and 1945.

Occupational, residential, smoking, and medical history were obtained

from the exposed cohort. Radiographs were taken 20 or more years after



first exposure.

Results for radiographic analysis were compared with a control group of
similar age and gender from the same urban community. A statistically
significant increased frequency of asbestos-associated radiographic
abnormalities was observed among household contacts of asbestos workers.
The prevalence of radiographic abnormality associated with secondary
exposure was 35% vs. 5% expected based on the comparison population
(p<0.001). The prevalence of abnormalities increased with duration
since first exposure (p<0.0l). Those with 10 or more years of household

exposure had a prevalence of abnormal radiographs of 53%,

Household contacts of former asbesfos workers who entered the home only
after cessation of employment were at significantly increased risk of
pleural abnormality (12% observed vs. 2% expected; p<0.02). Nicholson
has documented increased asbestos fibers in dust from homes of former
asbestos workers as long as 30 years after cessation of employment

[Anderson et al. 1979].

Selikoff and colleagues also examined mesothelioma and lung cancer
mortality for vital status follow-up through 1980. There were 3
mesothelioma deaths among 663 observed deaths for this cohort. In
evaluating the significance of the mesothelioma mortality observed among
these household contacts of amosite factory employees, Nicholsen [1983]
estimates that the expected number of mesothelioma deaths is 0.04,

assuming an ambient air concentration of 200 ng/m’.
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The SMR for lung cancer was 152 (25 observed vs. 16.4 expected); after
20 years latency, an SMR of 185 was observed {Anderson 1983]. Among
females, those with 20 or more years latency had an SMR of 1.7 (8
observed vs. 4.7 expected). Among males with 20+ years latency, there

were 12 lung cancer deaths observed vs. 6.1 expected (SMR=1.97).

Magnani et al. [1993) conducted a retrospective cohort mortality study
of 1964 wives of asbestos cement workers with no history of occupational
exXposure. Cancer of the pleura was significantly elevated, with an SMR
of 792.3 (95% CI 215.9 - 2,028.8). The women who died from respiratory
disease had washed their husband’s work clothes in the home for more

than 10 years.

There was one cohort study by Navratil et al. [1972] of Czechoslovakia.

There were 4 groups:

1. occupational

2. environmental

3. domestic (family members) >20 years old

4, general adult population in general area >40 years old

The first 3 groups all had hyaline pleural plaques much higher than

expected compared to Group 4.

Several case-control studies (Table 2) have documented increased risk of
respiratory disease among household contacts of asbestos workers
[Newhouse and Thompson 1965; Whitwell et al. 1977]. Vianna and Polan

[1978] conducted a matched case-control study of histologically

11



confirmed mesothelioma among New York State women. They report a
relative risk of 10 (95% CI=1.4-37.4) for domestic exposure including
hand-laundering work clothes. Results remain significant after

elimination of occupationally exposed women from the analysis (p=0.02).

McDonald et al. [1970, 1973, 1980] have conducted several analysis on a
popuiation based series of North American autopsies. They studied 557
pleural and peritoneal mesothelioma cases from the U.S. and Canada
matched on hospital, gender, age, and year of death to controls with
pulmonary metastases from non-pulmonary primary cancers. Occupational,
residential, smoking, and para-occupational exposure histories were
obtained from relatives. Women with mesothelioma were significantly
more likely to have been exposed to asbestos dust on work clothes of

household contacts (p=0.08).

There was one case control study by Ashcroft [19270] from Britain.
Twenty-three patients with mesothelioma were matched on sex, age with 46
hospital controls, free of malignant disease., This study was primarily
designed to show asbestos (primarily occupational) exposure was linked
with mesothellioma. Pertinent to take home exposure, however, was that
one patient with mesothelioma was a widow of an asbestos worker who was
exposed for 3 years to the asbestos dust brought home on her husband’s

hair and shoes.

Kilburn et al. [1985, 1986] studied shipyard workers, most of whom had

bystander (secondary) exposure to asbestos on the job. The prevalence

12



of radiographic evidence of asbestosis was ll% among wives, 8% among

sons, and 2% among daughters of these shipyard workers [Table 3].

For the purpose of clarity and ease of presentation, the group of 41
papers on case histories has been divided into four subgroups: case
reports (17 papers) (Table 4), case series (16 papers) (Table 5), health
hazard evaluations (four papers) (Table 6) and miscellaneous reports
(four papers) (Table 7). In addition, within each subgroup, the studies
are listed in chronological order by year of publication. The oldest
study is the study by Newhouse and Thompson of mesothelioma in London
which was published in 1965, and is considered a classic paper in the

field of take-home asbestos exposure.

In general, the problem of indirect exposure to industrial toxicants
appears to be an international problem. Of the 33 papers that are
epidemiclogy studies, 1l are from the United States, eight from Great
Britain, five from Scandinavia, four from Germany, two from Canada, two

from Italy, and one from Australia.

Areas of asbestos mining and manufacturing where the original exposures
occurred include prospecting, mining, textiles, tile making, insulation
workers, boiler makers, bakery oven building, shipbuilding and
associated trades, certain railroad shop trades, welding rods, and
asbestos products such as cord, seals, plates and other products.
Secondary or indirect exposures included near-by workers not engaged

directly with asbestos work, laundering of dusty work clothes by family

13



members, exposure to asbestos air pollution in vicinity of factery,
living with workers in the industry, asbestos dust in home workshops,
and other shops such as & pub located in a residence. There is also
some evidence, which will be discussed later, of a genetic

predisposition in some families, for mesotheliomas to develop.

The health effects of this indirect exposure seem universally to result
in pleural or peritoneal mesotheliomas, pleural plaques, and/or
asbestosis. Furthermore, these diseases seem to be specific to
crocidolite asbestos exposure. Amphiboles, as a type of asbestos, are

more important than chrysotile [Gibbs et al. 1989].

The first group of 17 papers (Table 4) are made up of case reports.
These are generally detaliled descriptions of one or more cases that have
been, in this instance, subjected to take-home asbestos and have
developed a specific health problem. These descriptions are limited to
a maximum of six patlents (in this group of 17 reports) and may be
family members of the exposed or totally unrelated patients that a
physician has seen. Thirteen of the seventeen reports reported
mesothelioma as the end health result of this exposure. Age at death
ranged from 31 in a non-occupationally exposed son [Champion 1871] to 74
in a mother who was married to a worker in a lumber and shingle mill

{Krousel et al. 1986].

Looking at some specific and unusual indirect exposures, Epler et al.

[(1980] reported on two brothers who developed pleural changes in young

14



adulthood. It seems that in childhood that they had played in a room
that was being used as an automobile muffler repair shop. Magee et al.
[1986] reported on an individual that had developed a mesothelioma. He
apparently had been exposed as a child in Corsica to tremolite asbestos
in a room in his home that was being used as a local bar. The patrons
of this bar were miners at the Carnl asbestos mine and came into the bar
in their dusty work clothes. Li et al. [1989] looked at a family of
four in which the father worked in an asbestos products plant. The
father brought home cotton cloth sacks in which molded asbestos
ingsulation had been transported. The mother cut the sacks into diapers
for her children. The end result was the deaths of the mother, one
sister and a young uncle that lived tﬁere of mesotheliomas. The father

died of asbestosis.

Three case reports by Risberg et al. {1980], Martensson et al. [1984b],
and Krousel et al. [1986] report that heredity may be important in cases
where several family members develop mesotheliomas. There may possibly
be a predisposing genetic factor that is involved. 1In a family made up
of a sister, a brother, and two identical twin brothers, three are dead
of mesotheliomas and the sister survives. The twins were directly
exposed to asbestos for only a period of eight years [Martensson et al.

1984b] .

Knappmann [1972] reported that in four cases of 251 cases of
mesothelioma that he looked at in detail all tumors had metastasized,

and that 70 percent had distant metastases. These cases all had long
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latency periods.

The second group of 27 papers (Table 5) contain the case series studies.
These are generally groups of unrelated (non-family) people who were
seen and/or autopsied at large hospitals or clinics in large urban
areas. Cases may include both direct and indirect exposures. The size
of study ranges from 10 cases of indirect exposure [Gibbs et al. 1990]
to a study of 133 cases of pleural plagques and 145 cases of asbestosis
iﬁ Hamburg by Dalquen et al. 1970. The major diseases are again

asbestosis, mesothelioma (pleural and peritoneal) and pleural plaques.

Three of the case series studies by Newhouse and Thompson 1965; Lieben
and Pistawka 1967; and Dalquen et al. 1970 report that neighborhood
exposure (defined as living within a half mile of an asbestos factory)
may be an important source of indirect exposure to asbestos. Five
studies report that laundering of dusty work clothes by wives or
children of asbestos workers is an important source of indirect exposure
{Ashcroft and Heppleston 1970; Dalquen et al. 1970; Edge and Choudhury
1978; Lander and Viskum 1985; and Konetzke et al. 1990]. Another
possible source of indirect exposure is being a member of a family where
one or more family members is an asbestos worker [Lieben and Pistawka
1967; Dalquen et al. 1970; Rubino et al. 1972; and Bianchi et al. 1982].
Two reports [Lieben et al. 1967, and Milne 1976] found mesothelioma

patients wicth no known asbestos exposure.

Bittersohhl and Ose [1971] from Germany report on workers in two
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chemical combines and a metal foundry that develcped mesothelioma.
These patients included workers that were not directly working with
asbestos, but whose work stations were nearby to where asbestos work was

being done in the factories.

The presence of asbestos bodies in indirectly exposed workers is
considered important in these studies. The following case series
studies report evidence and/or counts of asbestos bodies: [Newhouse et
al. 1965; Ashcroft et al. 1970; Rubino et al. 1972; Milne 1976; Edge et

al. 1978; Bianchi et al. 1982; and Gibbs et al. 1989.]

In a letter to the editor of THE LANCET, Browne [1991] pointed out that
the end user of asbestos materials may be more severely compromised than
the primary manufacturer. Handling the finished asbestos product may be
more hazardous than manufacturing it. He reports that in a study of
histologically confirmed cases of mesothelioma in south-east England
that only 5.5% were among employees engaged in primary asbestos
manufacture of asbestos products. All the rest of the cases were

accributable to user industries.

Three papers are primarily concerned with methodology. Heller et al.
[1970] did a radiological review of x-rays of 10 people diagnosed with
malignant pleural mesothelioma. The purpose was to provide a technical
discussion of evaluating x-rays for malignant pleural mesothelioma.
Gibbs et al. [1989] did a study to correlate lung mineral count with the

Zielhuis groupings, to determine whether any mesotheliomas were
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unrelated to asbestos exposure, and to determine which form of asbestos
fiber was most important as far as mesctheliomas were concerned. He
determined that the Zielhuis method was too complex, that mesotheliomas
develop in the absence of asbestoes exposure, and that amphiboles are
more important than chryseotile in respect to mesothelioma occurrence.
Gibbs et al. [1990] also did a comparison study of types of lung fibers
and size distribution in a series of indirect exposure cases of
mesothelioma with a series of known occupational exposure in female gas
mask makers. The gas mask workers showed consistently high crocidolite
concentrations, while the indirect exposure cases showed mixed

concentrations of various forms of asbestos fiber.

The third group of papers is composed of four health hazard evaluations
(Table 6). These are basically small industrial hygiene studies of a
particular building, manufacturing facility, mine, mill, quarry or other
work place done by NIOSH. These surveys can be requested by a company,
a union, or individual workers as a result of a perceived hazard.

Results must be reported back within a short time span.

These four studies were done in a floor tile factory [Belanger et al.
1979], an automobile and truck brake shoe factory [Seixas and Ordin
1986], a U.S. Postal Service vehicle maintenance facility specializing
in servicing and replacing brake shoes [Godby et al. 1987], and a
friction products and adhesive manufacturing facility [Driscoll and
Elliott 1990]. All facilities, with the exception of the postal

facility which had brake drum service controls in place, had significant

18



envirommental asbestos contamination. The postal facility was within
NIOSH acceptable limits. The adhesive factory also had exposures to

lead and solvents.

Recommendations to all four facilities included the use of company work
clothes that would be provided, laundered, and kept at the company.
Adequate decontamination and personal hygiene would be encouraged in
order to prevent possible contaminants from being taken home on workers
clothes or in their automobiles in the form of dust. Other
recommendations to the three facilities that had hazard problems
included issuing and enforcing the use of proper respiraters, and the

use of engineering controls where practical.

The final group of papers (Table 7) is called miscellaneous because of
the diverse nature of the reports. This group is made up of a technical
assistance report, a congressional asbestos oversight report, a report
on the problems associated with asbestos removal, and an engineering
report that gives in detail the proper.sampling technique and proper
housecleaning technique for five houses that suffered asbestos

contamination from a toxic site.

Lemen [1972] observed the spraying of fireproof material on portions of
a new research center being built in Cincinnati, Ohio. The hazard being
investigated was asbestos exposure during spraying operations. The
mixer-pump operator was found to have the highest exposure of the four

men involved in the operation. This man was supplied with a respirator
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which he did not use. Lemen's recommendations included enforced
respirator use for all men, work supplied uniforms which are laundered
by the company and not taken home, and to substitute some other fire

retardant than asbestos in the fireproof mix.

The second paper in Table 7 is the minutes of an asbestos oversight
hearing held by the Subcommittee on Elementary, Secondary, and
Vocational Education of the Committee on Education and Labor, House of
Representatives, of the Ninety-Sixth Congress, on H.R. 1435 and H.R.
1524, the purpose of these bills was "To establish a program for the
inspection of schools for the presence of asbestos materials, to provide
funds for the testing and evaluation of potential hazards, to create a
loan program to assist in the containment or removal of imminent hazards
to health and safety, and for other hazards."” These minutes, among
other things, contain a discussion of a published report by

William J. Nicholson and others for NIEHS to describe the situation in
New Jersey primary and secondary schools concerning asbestos in schools

and suggestions on how to prevent further contamination.

Hinze and Hinze [1986) reported on the problems of asbestos removal.
Asbestos has been known for over 2000 years, and its’' use is widespread
and worldwide. It has been considered a useful construction material.
However, it is now considered a health hazard and as such consideration
has been given to the removal of asbestos from buildings. Some of the
problems include high cost of removal, changing and nonspecific

regulations, various agencies claiming jurisdiction over the substance,
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lack of information about asbestes-related diseases, and insurance-

liability considerations.

The final paper in Table 7 concerns asbestos related housecleaning
activities in five houses at a former lead-acid battery manufacturing
site [Beegle and Forslund 1990]. Specific instructions are given for
sampling of asbestos dust. Then detailed instructions are given for the
decontamination of the houses. This paper concerns environmental

cleanup of contaminated sites.

There were 3 review articles, covering the international literature.

Rom et al. [1982] and Berry {[1986] reviewed the association between
ashestos exposure mesothelicma, primarily the occupational exposures.

On domestic exposure, they reviewed many of the articles already
discussed. Grandjean and Bach [1986] from Denmark did a literature
review of effects of bystander exposure in general. They indicated that
the effects of domestic exposure to asbestos stemmed from contaminated

cloething worn or brought home.

(c) Lead
Over 60 reported incidents of take-home lead exposure were identified.
O0f these, there are 22 published retrospective cohort studies (Table 8),
14 published community screening studies (Table 9), and 28 case series
or case reports, of which 10 are unpublished reports or letters (Table

10} .
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The cohort studies (Table 8) were designed such that households were
selected on the basis of exposure (e.g., a lead worker lived in the
household) and blood lead levels in the exposed group were compared to
those of a comparison group of households where no one worked with lead.
The community screening studies (Table 9) were designed to screen for
elevated blood lead levels among residents near a lead industry, usually
a lead smelter. Community studies were included in this review if
investigators also compared blood lead levels in families of workers to
those of other community members. The group of case reports and case
series (Table 10) are reports of take-home lead incidents or assembled

series of exposed family members without a compariscn group.

0f the cohort and community screening studies (Table 8), 11 were
conducted in the United States, and 25 were conducted in other parts of
the world including England, Italy, Mexico, Greece, and the Caribbean.
All but four of the case series/case reports (Table 10) came from the
U.S. and many of these were reported by state and federal agencies as a
result of a 1993 Federal Register notice soliciting information on

incidents of take-home lead exposure for this review.

The industries in which take-home lead exposure has been reported
include: lead smelting, battery manufacturing/recycling, radiator
repair, electrical components manufacturing, pottery/ceramics, and
stained glass making. Take-home lead exposure has rarely been reported
in construction (two case reports, one published). 1In part, this may be

due to the fact that prior to June of 1993, the construction industry
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was exempt from the OSHA Lead Standard and was therefore relatively
unregulated and understudied. A NIOSH study of take-home lead exposure
among families of construction workers in New Jersey is currently

underway.

The cohort studies (Table 8) date back to the late 1970's, beginning
with the widely-cited report by Baker et al. [1977] published in The New
England Journal of Medicine. Over 40% of smelter workers’ children had
blood lead levels (BLLs) in excess 30 micrograms per deciliter (ug/dL).
The work clothing was implicated as the vehicle of contamination. This
was one of the first studies to note the differences in exposure by age;
highest BLLs were found in children less than six years of age. The
investigators used a comparison group matched on neighborhood and
measured lead content in household paint. Both are ways to account for

background sources of lead exposure in the child's environment.

Morton et al. [1982], in a study of lead storage battery workers, showed
statistically significant differences in BLLs between children of
workers with good hygiene practices (e.g., showering and changing

clothes before leaving work) and those with poor hygiene practices.

The most recent cohort investigation of secondary lead exposure was
conducted as part of a NIOSH Health Hazard Evaluation of a battery
reclamation site in Alabama. The small take-home component of the
invéstigation found that 75% of workers’ children had BLLs of 10 ug/dL

or higher compared with 40% of control children.
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The cohort studies also point to the issue of home-operated shops and
cottage Industries where work is conducted near or adjacent to the home,
such as "back-yard" radiator shops in Jamaica [Matte and Burr, 1989],
home—oper;ted pottery factories in Barbados [Koplan et al. 1977], and
ceramic tile shops in Italy [Abbritti et al. 1979; Abbritti et al,
1988]. Exposures in these settings pose a special problem since
employees and families are often unaware of the hazards of working with
lead. In the U.S., employees in smaller industries, such as radiator
shops are potentially at higher risk since OSHA regulations give

inspection priority to businesses with ten or more employees.

In general, cohort studies have found that workers’' children have
significantly higher BLLs than control children. The BLLs for exposed
children across all studies ranged from 10.2 to 81 ug/dL, while the BLLs
for control children ranged from 6.2 to 27 ug/dL. Comparison groups
were chosen from neighborhoods, community residents, birth registries,

local schools and hospitals/clinics.

The community studies (Table 9) were included in the review if they
addressed worker take-home exposure as part of the community
investigation. The majority of the studies were conducted in smelter
communities Of the 14 studies reviewed, all but three were conducted
outside the U.S. Four studies were conducted in Germany. All the
studies but one reported an association between child exposure to lead
(as measured in blood, hair, or teeth) and parental occupation in a lead

industry. A small study conducted by Landrigan and Baker [1981], that
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included only 3 households with lead-exposed workers, reported no
exposed children with BLLs over 40 gg/dL. However, It is difficult to
conclude that this study is negative since today’s guidelines indicate

that the health effects of lead exposure may occur at levels as low as

10pg/dL.

The community study that reported the highest BLLs was conducted In a
large smelter community in Brazil [Carvalho et al. 1984}. Children (age
1-9) of lead workers had a significantly higher mean BLL (67.5 ug/dL)
than similarly aged children of non-lead workers (56.6 pg/dL). The most
recent sctudy in the U.S. was reported by Cook et al, [1993] who found
that the mean BLL in children in a smelting/mining community was 10.1
pg/dL (range 0.5-30.1 ug/dL). Parental occupation as a miner was an

independent predictor of child's BLL.

The case report and case series collection of studies (Table 10), dating
back to the first report in 1952, illustrates the breadth of industries
in which take-home lead exposure has been documented. More unusual
industries include a polyvinyl chloride (PVC) factory, cutlery
tempering, plaque production, propane tank manufacturing, cable cutting
and salvage, and trucking. The most striking case report was from North
Carolina where battery factory workers were taking home discarded
battery casings and burning them as fuel in their own home [Dolcourt et
al. 1981]. The highest BLLs among 22 family members were observed in a
3-year-old male and female (256 and 220 ug/dL, respectively using

capillary sampling).
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This series of reports undoubtedly represents only a small portion of
the documented cases of take-home lead exposure. Many of the case
reports were solicited from state health departments as part of the
NIOSH effort to summarize existing accounts of such exposure. Ten of

the 28 case reports (36%) are unpublished.

(d) Pesticides

There are nineteen reports in the scientific literature that describe
situations in which pesticides from the workplace have the potential to
cause adverse health effects in the home. Details of these reports are
described in Table 11. Although the health effects are often presented
in detail in the reports, information on how to differentiate between
the health effects and relative risks from pesticides brought in from
the workplace and pesticides used in the home is not always provided.
Workplace procedures that contribute to the transmission of the chemical
from the workplace to the home and housekeeping practices that could
reduce home exposure are occasionally discussed. Information on
pesticide contamination in the home is rarely available. Furthermore,
several of the articles discuss the potential of transmission from the

workplace to the home environment, without providing case histories.

Many of the reports in the literature describe incidents in which
children were poisoned after exposure to residual pesticides left in
discarded drums or other containers. In addition, children were often
poisoned after they played with items that were contaminated with

pesticides, or ingested pesticide from containers used to store or mix
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pesticides. The majority of these cases involved children living on
farms where pesticides were used. For example, the 4-year old son of a
farmer was admitted to the hospital in a moribund condition after his
mother discovered that he had played with a bag of parathion insecticide
stored in the barn [Simon 1963]. McGee et al. 1952, reported several
unrelated poisonings by toxaphene, including one in which a 2 year old
boy died after playing in a yard where strips of metal from flattened
storage drums had been removed from a processing plant to cover the
walls of a garden shed. In another case, a brother and sister died
after playing in a swing that they made from a burlap sack heavily
contaminated with parathion {Eitzman and Wolfson 1967]., Other similar

polsonings are described in Table 11.

The necessity of prudent handling of pesticides during transportation
has been emphasized in several of the reports describing cases of
pesticide poisoning in the home. For example, Anderson et al. [1965]
describe a near-fatal incident of parathion poiscning in twe friends, 5
and 12 years old boys, who became ill after sleeping on flannelette
sheets that had been brought home by the father of one of the boys. The
father was a salvage dealer who, in the line of business, bought the
sheets as damaged goods from an insurance adjustor. The sheets were
later discovered to have been contaminated with parathion during
shipment in the hold of a ship that also contained drums of parathion.
In a similar case, six boys became poisoned by wearing blue jeans that
became contaminated with Phosdrin during transportation on a truck that

also carried the insecticide [Warren et al. 1963]. Occupation of the
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families was not discussed.

Three reports in the literature describe how poor hygiene practices in a
chemical plant that produced the pesticide kepone lead to contamination
of the homes of workers. Ninety-four percent of the family members that
were examined had detectable levels of kepone in their blood, compared
to nineteen percent of cémmunity residents. In addition, two wives of
workers had signs of kepone poisoning, displaying the same type of
tremors seen in many of the workers. Both wives reported that they

washed their husbands’ work clothing.

Poisoning by exposure to residual parathion in clothing was described by
Clifford and Nies 1989. Three workers in a plant that manufactured
parathion were admitted to the hospital with symptoms of organophosphate
poisoning. Although strict safety measures in the plant were enforced,
a uniform contaminated with parathion that was designated to be burned
was accidentally washed. It was later discovered that the workers who
became ill had worn coveralls that had been washed along with this
uniform. After it wag determined that 5 additional sets of uniforms
washed with the contaminated uniform contained from 135 to 1500 ppm
parathion, all the uniforms in the plant were destroyed and replaced.
Because of the practice of laundering the uniforms at the plant, no

pesticide was transferred to clothes in the home laundry.

(e) Mercury

As summarized briefly in Table 12, there are nine reports on home
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contamination by mercury. These cases occurred in a variety of
settings, from mining operations to manufacturing plants. Home
contamination has occurred when exposed workers carried mercury home in
their automobiles and on clothes (including shoes). Automobiles and
laundering facilities have been found to have the highest levels of
mercury. In spite of these envirommental exposures, blood levels of
mercury in exposed families were not always elevated from control

levels,

Another source of mercury contamination of homes involves home gold
mining operatioms. Several reports suggest that families can be exposed
during home use of mercury to extract gold from soil. In some cases,
severe poisoning occurred. These cases are included because of their
similarities to situations that may occur in cottage industries, and
also because some of these may be subject to regulations of the Mine

Safety and Health Administration.

West and Lim [1968] described exposures of mine workers to mercury
during milling of cinnabar. The urine levels reached as high as 8640
#g/L and some workers had severe neurological symptoms of mercury
exposure. The authors reported that some of the workers had unknowingly
contaminated their living quarters with mercury from their boots and
other work clothes. Data were not provided. Two additional reports

provided information on home contamination from mining.

Zalesak [1994] reported mercury contamination of cars and homes of
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workers employed by a California gold mine. 1In homes, the washers and
dryers were the most heavily contaminated, with mercury levels ranging
from 0.05 to 0.005 mg/m3. Zalesak also reported that a technician from
a second work facility wore contaminated clothing home. Traces of
mercury were found in her car for several months after the exposures,

but none was detected in the home.

Occupational exposure to mercury, followed by home contamination, was
described by Ehrenberg et al. [1986; 1991] and Trost 1985]. Company
records at a thermometer-manufacturing reported mercury vapor levels
from 24-308 ug/m® (time-weighted averages). Vapor levels ranged from 26
to 271 ug/m3, with urine levels from 1-345 pg/g creatinine. Subsequent
to the study by Ehrenberg et al. [1986], Hudson et al. [1987]
investigated the exposure to mercury in children of the workers. The
investigators reported that urine mercury levels in the children
averaged 25 ug/L, some five times higher than that reported in controls.
Furthermore, they observed a significant correlation between the urine
mercury levels of the workers’ children and the urine mercury levels of
the parents. Zirschky and Witherell [1987] described the clean-up
program implemented to decontaminate the homes of these children in

order to reduce the likelihood of their additional exposure to mercury.

A recent report [ATSDR 1990a] summarizes the exposures of workers in
another industry. Chlor-alkali chemical workers were exposed to high
levels of mercury during a scheduled maintenance operation. Workers

used oxyacetylene torches to remove old pipes and fittings, some of
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which contained mercury. The heated mercury volatilized, and then

condensed on the ceiling, walls, and floors, as well as on the clothing

of the workers. Although protective clothing was used, work glcves,

clothes, and boots were soaked with mercury. The workers returned home

to their families in the evening, transporting mercury from the

workplace Into their homes. Thus famillies were also exposed to mercury.

As a result of notification of EPA by a worker concerned about his

family, EPA and ATSDR investigators evaluated the extent of exposure to
mercury. High levels of mercury in various areas of the workers’' homes Vo
were found but family urine mercury levels were not higher than those of

P
control subjects.

Haddad and Stenberg [1963] reported a case of husband and wife exposed
to mercury when the husband attempted to extract gold from sand samples
in the home. The husband’s symptoms included fever, chills, nausea, and
bronchitis; his urine level was 540 uG/L. The wife who was in an
adjacent room during the extraction process, had a urine level of 80

uG/L.

King [1954] described the exposure of an amateur prospector to mercury
when the prospector heated gold sand with mercury in a clay dish over
the kitchen stove. The prospector developed severe coughing, vomiting,
and became cyanotic. The author stated "The warning implied by this

case as to the improper handling of mercury seems clear."

Another case of family mercury poisoning occurred when the father

31



attempted to extract gold from sand was reported by Hallee [1969].
Approximately 30 ml of mercury accidentally spilled into a red-hot
miner’s pan. The father's urine levels ranged from 200 to 560 uG/24 hr
over four days following exposure. The mother who was in an adjacent
room was also symptomatic, but urine levels apparently were not checked.
The symptoms of the children (who were asleep in another room) included
frequent coughing, fever, and nausea; their urine levels ranged from 33
to 94 uG/24 hr on the day following exposure. The mother who was in an
adjacent room was also symptomatic, but urine levels apparently were not

checked.

Hatch [1990] reported another case in which a woman was poisoned when
she used mercury to extract gold ore in a cast-iron ladle over her
kitchen stove. The woman indicated that she had been told to perform
the operation outside, but thought she would be safe having a window
open and a house fan over the kitchen stove. After three weeks of
chelation therapy, her blood level was 193 mg/dl of mercury, suggestive
of continued exposure. Concentrations of mercury in her home dissipated

over time.

(£) Chlorinated Hydrocarbons
Twenty-eight reports in the literature present examples where
chlorinated hydrocarbons in the workplace have the potential to be
carried by the workers into their residences. Details of these reports
are given in Table 13. These reports can be classified into four

exposure categories. A few reports describe cases in which family
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members exhibited toxicities resulting from exposure to chemicals
brought home from the workplace. Other reports describe instances in
which exposure to family members is documented by an increase in
chlorinated hydrocarbon content in blood or urine. Other reports
indicate that there is potential for exposure to workers' families due
to the presence of chlorinated hydrocarbons found to be present in the
home. Many reports suggest that there is a potential for exposure to
occupants of the residences because of contamination of personal
possessions, such as work clothing or tools, which are brought home by

the worker.

Only four reports document instances in which health effects are seen in
family members which are attributable to exposure to chlorinated
hydrocarbons from the workplace. The first report, the earliest report
found on home contamination by any substance, was by Lehman [1905] in
Germany on family members who developed chloracne ascribed to the father
wearing work-soiled clothing home. The earliest report from the U.S. of
exposure to a chlorinated hydrocarbon in the home was in 1936, when the
wife, daughter, and son of a worker who was exposed to hexachloro-
naphthalene and chloro-diphenyl in an electrical insulation plant
developed the same type of dermatitis seen in seventy-eight percent of
the workers in the plant. The worker wore dirty work clothes home, and
played with his children before changing into clean clothes. In this
early report, it was recommended that the workers should be provided
with protective clothing, lockers, and other sanitary facilities [Fulton

and Matthews 1936]). In another instance, the son of a pipefitter
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developed chloracne similar to that of this father, after his father
wore his dirty work clethes at home after working around equipment
contaminated with dioxin [Jensen et al. 1972a). In addition, a six-week
old daughter developed jaundice and hepatomegaly due to exposure to
tetrachloroethylene in breast milk. It was discovered that the mother
frequently visited the father during lunch at the dry-cleaning

establishment where he worked [Bagnell and Ellenberger 1977].

Five reports describe cases in which exposure in the home was documented
by measuring chlorinated hydrocarbons in the urine or blood of family
members. No adverse health effects were described in any of these
cases. Polychlorinated biphenyl was detected in the blood of wives of
railway maintenance workers who repaired transformers [Fischbein and
Wolff 1987] and in family members of municipal sewage treatment workers

_ Codo - Tonar.
[Baker et al. 1980]. Methylenebis-2-chloroaniline, a suspected bladder
carcinogen, was found in urine of family members of workers from two

iy o~
different specialty plastics manufacturing plants [ATSDR 1989a,b; ATSDR
1989a,b; ATSDR 1990b]. In addition, a potential human carcinogen, 3,3’'-
dichlorobenzidine, was present in urine of family members and employees
of a chemical production facility [ATSDR 1991b].
—ia)a { LAt f\fjc‘)-'w/

Six reports document contamination of homes with chlorinated
hydrocarbons from the workplace, but do not present data on content in
biological samples from the residents of the homes. Dioxin was found to

be present in homes in four areas, near roads where waste oil containing

dioxin had been sprayed to retard dust [Doherty 1984; Ramsey 1987; Hess
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1988; MacDonald 1988]. Tetrachloroethylene was found to be present in
residences located in buildings with dry cleaning establishments
[Stasiuk 1993]. In addition, polychlorinated biphenyls were present in
house dust in vacuum sweepings of houses of occupationally exposed

workers [Price and Welch 1972].

The remainder of the reports describe conditions in the workplace where
workers would be exposed to chlorinated hydrocarbons where the workers
could carry the contamination home. For example, chlorinated
hydrocarbons used in the workplace were found to be present in lunch and
locker rooms. One of the reports documented contamination of personal
tools used by the workers that may be taken home. Data were not
provided on work clothes contamination. However, in many cases, the
workers did not wear company laundered work clothes. These reports are

described in detail in Table 13.

(g) Estrogens
There are 7 references in Table 14 discussing take-home exposure to
hormones specifically estrogens. Two references from Israel (1950s) and
three from Poland (1960s), all case report series, deal with
hyperestrogenic syndromes among children of pharmaceutical workers
exposed to estrogens. The children experienced improvement with
reduction of exposure or change of jobs in the parent. One reference
[Aw et al. 1985] is a NIOSH health hazard evaluation in a pharmaceutical
manufacturer where children of workers exposed to zeranol developed

hyperestrogenic syndromes. The Bierbaum reference [Bierbaum 1993]
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for pesticides or wood preservation, compared to homes where the
residents did other work not involving arsenic. This lends credence to
the argument that the arsenic was brought to the home by the worker on
clothing and inanimate objects. The second reference [Falk et al. 1981]
is a case report of hepatic angiosarcoma in a child associated with
arsenic contamination of parental clothing, the water supply, and the

environment.

(j) Cadmium

Four studies reported home contamination with cadmium which originated
from parental occupation in a lead smelter (Table 14). 1In three of
these reports a significant association between parental employment in
the smelter and the concentration of cadmium in the blood (CdB) or in
hair (CdH) of children was found. In one report no significant
relationship was found between parental occupation in the smelter and
CdB in children, but a significant relationship was reported between
presence of smelter dross in the household and elevated CdB

concentration in children.

(k) Fibrous glass
Three case reports included in Table 14 [Abel 1966; Madoff 1962; Peachey
1967) describe a dermatitis caused by wearing clothes contaminated with
fibrous glass. In these cases, the sources of the contamination were
family or laundromat washing machines where fibrous glass curtains had
been washed. NIOSH has been made aware of a current potential case

where an insulation worker’s clothes were washed with the family
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laundry. The wife and child suffered dermatitis in this case. Surface
contaminations of fibrous glass can be detected using sticky sampling

media and polarized microscopy [Schneider 1986; Schneider et al. 1989].

(1) Other substances (RdX)
am496ﬁeﬂﬁtuﬁmﬁl «iLuABJquwqwzu
Tinﬂis the only other chemical substancepfound to have been studied as a
take-home contamlnanfL[Rlnehart and Yanagisawa 1993; Wainwright et al.

Theweby 2hal. 196

(in press)]. Health effects of tin were not detected in theses studies.
A
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similar to toxic chemical such as lead and asbestos, in that they may be ”?F‘j
brought home on the clothes or bodies of workers. The intent of the Act

is to investigate the extent to which workers’ families might be exposed

to life threatening pathogens because a working family member is

routinely exposed to such agents in the workplace. It was not the

intent of the Act that non-deadly infectious agents like the common cold

be investigated (U.S. Senate 1991b}.

Microorganisms are ubiquitous in nature. In humans, they are found
naturally in many locations of the body including the skin, hair, and
even internally in several locations such as the GI tract. These
normal microbial flora help protect the host from pathogens and do not
constitute any problems for healthy individuals. In fact, only a few of
the bacteria, viruses, fungi, mycoplasmas, chlamydiae, rickettsiae, or

protozoa found in nature are capable of causing disease in humans. For
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those organisms that are effectively able to invade and cause disease,
there are several ways that they may be transported from infected
workers to other members of the household. These include direct
contact, indirect contact, and airborne contact [adapted from Benenson

1985]:

In direct contact the immediate transfer of infectious materials may
occur between individuals through a receptive portal of entry by
touching (e.g., scabies), biting (e.g., hepatitis B virus [HBV]),
kissing (e.g., Epstein-Barr virus), or sexual intercourse (e.g., human
immunodeficiency virus [HIV]). When individuals sneeze, cough, sing, or
even talk they exhale a cloud of tiny droplets of saliva. Direct
projection of this droplet spray (usually in close proximity to the
source - 1 meter or less) onto the conjunctiva or mucous membranes of
another individual can transfer disease (e.g., common cold). Some
diseases can also be transmitted transplacentally from mother to child

(e.g., rubella, HIV}.

Through indirect contact the transmission of infectious agents may occur
by contact with intermediates such as contaminated inanimate materials
(e.g., toys, clothing, eating utensils, bedding) as well as contaminated
food, water, milk or biolegical products such as blood, tissues, or
organs. Also, vector-borne diseases may be transmitted by contact with
animals that serve as reservoirs for infectious agents such as rabies.

In addition, arthropod vectors such as ticks may transfer rickettsiae
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(e.g., rocky mountain spotted fever), bacteria (e.g., lyme disease) or

viruses (e.g., encephalitis) through bites.

Airborne disease results from aerosols containing infectious agents
being generated when an individual coughs, sneezes, sings, or talks.
Also, aerosols may be generated by other methods in normal work
situations such as those found in slaughterhouses, rendering plants, or
autopsy rooms as well as during accidents in microbiology laboratories.
Droplet nuclei are aerosols that contain infectious particles that are
made by the evaporation of fluid frem the droplets formed during the
production of aerosols. Unlike droplet spray that may remain airborne
only for a few feet that are associated with direct transmission of
disease, droplet nuclei may remain suspended in the air for long periods
of time and are associated with respiratory diseases (e.g.,
tuberculosis, influenza, mumps). Some infectious diseases that are
normally spread via aerosols may also be spread via fomites (e.g., in
dust from contaminated clothing or bedding, combs, floors, soil, etec.)
such as the microorganisms that cause Q fever and anthrax. Droplet
nuclei and dust particles in the 1-5 micrometer size range may remain
suspended in the air for long periods and, unlike larger particles, may
easily be drawn into and retained in the alveoli of the lungs bypassing

many of the defense mechanisms of the respiratory system.

Infectious diseases that most likely meet the criteria of being
transported to workers' homes on workers, their clothing, or other

materials brought from the workplace include those (1) that are spread
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through direct skin-to-skin contact or direct contact with contaminated
clothing such as parasites (e.g., mites or lice), (2) via arthropod
vectors such as ticks (e.g., Lyme disease) or (3) those that may be
transmitted in aerosols contained in dust brought to the home from the
workplace (e.g., Q fever, anthrax and possibly fungal diseases).
Infectious diseases that are spread by other means were not intended to
be covered by the legislation. For example, tuberculosis spread by an
infectious emergency service worker to family members via aerosols is
not included nor is HIV infection that may be transmitted to a spouse
during intercourse. The possibility appears to exist for bloodborne
diseases such as HIV or HBV to be transported home on a worker's
clothing soiled with body fluids from an infected person. However, the
potential transmission of a bloodborne pathogen on soiled linen is

considered to be negligible [CDC 1987].

It should be noted that virtually any infectious disease contracted by a

worker at the workplace will be brought home and can potentially infect

members of his or her household. However, since this legislation is intended

to include agents that may be brought home on the worker’'s clothes or person,

diseases that appear likely to be transmitted to the home on the worker

include parasitic, vector-bornme and air-borne diseases [adapted from

Benenson]:

Parasitic diseases such as (l) scabies, a parasitic disease of the skin
caused by a mite (Sarcoptes scabiei) that causes severe itching and is
highly contagious. It is normally spread via skin-to-skin contact but

in some cases may be spread through contact with mite-infected
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undergarments or bedclothes. (2) Roundworm infection (Ascaris
lumbricoides) from contaminated soil may be brought into houses and
automobiles on the shoes of workers. The infection may than be
transmitted to members of the household in dusts or via ingestion.
Infection is usually highest in children aged 3-8 years. (3) Pinworm
disease (Enterobius vermicularis) is an intestinal infection that is
usually spread through direct contact from anus to mouth of infective

eggs but may be spread via clothing or bedding.

Vector-borne diseases that occur in the United States include lyme
disease, caused by a spirochete Borrelia burgorferi. Lyme disease was
first recognized as a clinical disease in 1977 when a group of children
in Lyme, Connecticut was infected. It is considered to be the most
common vector-borne disease in the United States and is characterized by
distinctive skin lesions, polyarthritis, and neurological and cardiac

involvement.

Additional vector-borne diseases that may be brought home by workers in
the United States include rickettsial diseases where ticks are also the
vector such as rocky mountain spotted fever and murine typhus fever. In
addition, approximately 90 arthropod-borne viral diseases have been
identified. These include Colorado tick fever and encephalitis that are
tick-borne. The mosquito is the vector for many arboviruses that infect
humans; however, mosquitos are less likely than ticks to be brought home
on workers. Plague (Yersinia pestis) is a disease of domestic and wild

rodents transmitted to humans by flea bite. Tularemia {(Francisella
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tularensis) may be spread via ticks but also may be transmitted via

inhalation of contaminated dust particles.

Air-borne respiratory diseases that may be spread via the air should be
considered when infectious diseases that may be "taken home" are
considered. For example, rickettsiae are small (300-600nm) obligatory
parasitic bacteria that are often transmitted to man through the bite of
arthropod vectors such as ticks. However, the rickettsia that causes Q
fever (Coxiella burnetti) is found in animals as well as ticks and may
be transmitted to humans by inhalation of infected dust, indirectly via
the drinking of infected milk, or by direct contact with animals,
particularly cattle, sheep, and goats. It is an acute febrile disease
with pneumonitis occurring in many cases. The organisms are highly
infectious and are often spread in dusts associated with parturition.
Person-to-person transmission is uncommon, although the disease may be

contracted by direct contact with the laundry of exposed workers.

There are several fungal diseases that could potentially be transmitted
via the clothes of workers including Aspergillosis (caused primarily by
Aspergillus fumigatus, A. niger, and A. flavus). Several clinical
conditions can be produced by these fungi including the formation of
masses of hyphae within ectatic bronchi and pneumonic and disseminated
infection. The organisms are often found in compost piles undergoing
decay and fermentation, hay that has been stored damp, in decaying
vegetation, and in cereal grains. Although not an infectious disease,

Aspergillus species as well as many other fungi may cause allergic
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reactions such as asthma in sensitive individuals.

The occupation or job elements of workers should also be considered when take-
home infectious diseases are considered. For example, in occupations such as
farming the worksite and home are often located virtually together and
infectious agents that are at the worksite may easily be transported directly
or indirectly (e.g., via vectors) into the home and infect household members.
Based on the potential proximity to large reservoirs (e.g., grain storage,
compost piles) of fungus on farms, there is perhaps a greater potential for
fungal exposures in farm households. A study in Finland of airberne fungal
spore concentrations in farm houses during the winter months indicated that
some fungal genera not normally found in the urban enviromnment (e.g.,
Alternaria, Botrytis) were found in the farmhouses as well as the cow barns
[Pasanen et al. 1989]. The results of the study indicated that airborne

fungal spores may be carried from the cow barn into the farmers' homes.

Other diseases that may be directly associated with specific occupations
include animal diseases such as brucellosis and anthrax. Brucellosis is
primarily an occupational disease of farm workers, slaughterhouse workers,
veterinarians, and meat plant workers who are exposed to infected animals or
tissues. Approximately 150-250 cases per year are reported in the United
States [Benenson 1985]. Transmission is primarily by direct contact with
infected animals (e.g., cattle and swine) but the bacteria can survive in dust
and airborne transmission is possible [Anonymous 1978]). Anthrax (Bacillus
anthracis) is an acute bacterial disease that usually initially affects the

skin but may occasionally invelve the mediastinum or intestinal tract. It
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rarely occurs in developed natioms.

process hides and veterinarians who come in contact with infected animals.

may remain viable as a spore in soil associated with infected animals for

years,

Inhalation anthrax may result if the spores are inhaled while

intestinal anthrax may arise if the spores are ingested [Benenson 1985].

It is primarily a disease of workers who

Ic

The following are a number of examples from the literature that are indicative

of the circumstances where infectious agents have been transmitted to the

homes of workers:

(1)

(2)

An HIV infected 28-year-old male with a disseminated Mycobacterium

evium infection was admitted to an Italian hospital in 1991. He

was also diagnosed as being infected with the mite Sarcoptes

scabiei. The hospital staff were aware of this infection and used

protective clothing, gloves, and booties. However, within one
monith, 29 staff members were infected with the mite. Six
relatives of the staff were infected at home [Scalzini et al.

1992].

In 1991, an immunocompromised patient (non-HIV related) was
admitted to a hospital in Kansas. Forty-nine hospital staff
members were subsequently infected with scabies including those
with frequent direct care responsibilities such as nurses and
respiratory therapists. Ancillary staff including those from
social services and housekeeping were also infected. Fourteen

family members of the staff were infected with scabies from the
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(3)

(4)

(3)

index patient [Clark et al. 1992].

In 1984 an outbreak of Q fever in Idaho was associated with a
sheep research station. Twe of the 18 cases of Q fever were
family members of workers employed at the station. One was a l4-
month old child while the second was the wife of a worker. It is
assumed that these family members were infected with fomites
brought home on the clothes of the workers. It is also worth
noting that a farmer who had no direct contact with the research
station also contracted Q fever. It is thought that he was
infected from a Q-fever infected guard dog he had received from

the research station [Rauch et al. 1987].

A case was reported in England where 10 people became ill with Q
fever who were performers in an Easter play at their village
church. One of the members of the play was a shepherd who came to
rehearsals in his work clothes. €. burmetti was isolated from the
dust collected from the shepherd’'s clothes [Marmon and Stoker

19567].

Glardiasis is a protozoan (Giardia lamblia) infection that
primarily attacks the small intestine and is associated with
symptoms that include diarrhea, cramps, and bloating. It is most
often contracted from fecally contaminated water or food but may
be transmitted person-to-person. In 1979, the Minnesota

Department of Health conducted an evaluation of an ocutbreak of
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giardiasis at a rural public school system. Nineteen of the 60
employees of the school system met the case definition for
giardiasis. Three members of the employees’ households also had
persistent diarrhea consistent with giardiasis infection

{Osterholm et al. 1981].

(2) Incidences of Take-Home Contamination - Industrial Hygilene Aspects
(a) Sources of Take-Home Contamination

In reviewing the numerous studies listed in Table 15, one finds that
sources of chemicals exposure for family members include the classic
mode of taking chemicals home on work clothes and several instances of
atypical sources. Chemicals reported in the table include lead,
mercury, pesticides, cadmium, asbestos, etc. Lead is the most frequent
agent identified due perhaps to its widespread use and routine
screening. Industries associated with lead being taken home include
lead battery production, manufacture of pewter objects, pottery

manufacturing, lead mines and lead smelters.

Several case studies include atypical situations that do not involve
strictly carrying toxin chemicals home on the clothes. In a study
reported by Bagnell and Eklenberger [1977], a baby was exposed to
tetrachloroethylene (TCE) via the mother’s breast milk. The mother did
not work with TCE, but was exposed via daily visits to her husbands
place of work (dry cleaning establishment) to have lunch (0.5 to 1
hour). A second atypical case, reported by Benning [1958], involved

emotional upset at home due to employees being exposed to high levels of
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mercury. A tamping powder used in the production of electric motors was
found to contain 22-24% mercury. Fifty-two of ninety employees (all
females) had symptoms of mercury poisoning. Symptoms included
antisocial behavior, sore mouths, shaking and in some cases inability to
care for their families. After the company replaced the tamping powder
with a powder not containing mercury and installed local exhaust

ventilation, the employees symptoms began to disappear.

Some of the case studies include contaminated cloth goods taken home by
the worker. A study by Anderson et. al. [1965], describes a case from
Canada in which two boys who played together were admitted to a hospital
at separate times. Both boys nearly died from anti-cholinesterase
poisoning. The exposure resulted from the boys sleeping on sheets that
were contaminated with parathion during transport in the hold of a ship.
In another report, Eitzman and Wolfson [1967] describe 30 deaths of
children due to parathion poiscning that occurred in the state of
Florida between 1959 and 1964. 1In one episcde, three siblings were
poisoned after making a swing from a burlap sack that was heavily
contaminated with parathion., The children made the swing, played with

it cthat day and the next day - when they became ill.

Other examples which could be very important involve cottage industries.
In a case from India reported by Joshua et al. [1971]) three of nine
children died from lead poisoning. 1In this study the authors note that
the parents refused to recognize the hazard and did not take any

corrective action. In a second case study reported by Hung [1980],
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battery processing in a Taiwan home resulted in blood lead levels of
1060, and 1éa ug/dL in three children. Two of the children were
diagnosed with lead encephalopathy. Cottage industries have been
associated with lead (e.g., ceramics, leadlbatteries, pottery, battery
processing, quench hardening & type printing), ashestos (e.g., asbestos

cement production), and mercury (e.g., home gold ore processing).

(b) Concentrations of Contaminants
Take home contamination exposures have been documented for several
chemicals, including arsenic [Klemmer et al. 1975); asbestos [Driscoll
and Elliott 1990], [Gibbs et al. 1989, [Huncharek et al. 1989],
(Nicholson 1980], [Nicholson 1983], [Seixas 1986]; beryllium [Chamberlin
1957], [Cohen and Positano 1986], (Eisenbud et al. 1949); dioxin
(Doherty 1984]; fungi [Pasanen 1989]; lead [Abbritti 1979], [Abbritti,
1987], [Anonymous 1992], [Baker et al. 1977], [Barrett 1944], [Brockhaus
et al. 1988], [Carvalho et al. 1984], [Chernard et al. 1987], [Cook et
al. 1993], [Dolcourt et al. 1978], [Dolcourt 1981], [Elwoocd et al.
1977), [Ewers et al. 1982], [Ewers et al. 1994], [Fischbein et al.
1991], [Gittleman et al. 1991], [Hung 1980], [Katagiri et al. 1983],
(Kawai 1983], {Kaye et al. 1987], (Kelly 1994), [Koplan et al. 1977],
[Landrigan et al. 1980], [Lyngbye et al. 1991}, [Marvelius et al. 1989],
[Martin 1974], [Martin et al. 1974], [Matte and Burr 1989], [Matte et
al. 1991], {McCaﬁmon et al. 1991}, [Menrath et al. 1993), [Milar and
Mushak 1982], [Millar 1978], [MMWR 1992b], [MMWR 1989a], [MMWR 1985],
(MMWR 1977b], [Molina-Ballesteros 1983], [Morton 1902], [New Jersey

Dept. of Health], [Piacitelli 1994], [Piccinini 1986}, [Pitts 1986],
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[Pollock 1994, [Quinn 1985), [Remakrishna 1982], [Rice 1978], [Ritcher
1985], [Richter 1980], [Rinehart 1993}, [Schumacher 1991}, [State of
Alabama 1992], [Watson 1978], [Winegar 1977]; mercury [Ehrenberg et al.
1986], [NIOSH 1973], [Trost 1985]; methyl parathion [Finley et al.
1977i; PCB [Fischbein, 1986]); pesticides [Osario 19947,
tetrachlorcethylene [Bagwell and Ellenberger 1977]; and Zeranol {Aw and
Stephenson 1985]. The majority of these measurements involved
biological monitoring (such as blood lead determination) to document
exposure of family members to take home contamination. However, air,
vacuum, dust, surface wipe and several other types of samples were also
used in some cases. Levels of contaminants found to document the
presence of take home conta%ﬁexéZacted from Table 15 are summarized

below.
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[ Contaminant I Type of Sample Range l

[P et ————

Arsenic Home vacuum samples 1.1~1,080 ug As/g dust

Asbestos Clothing Vacuum Samples | Asbestos present

Car Seat Vacuum Samples Asbestos present

Lung Tissue Fiber 2,000-221,000 f/g lung
Counts tissue
Air samples - homes 50-5,000 ng/m’
Beryllium Lung Tissue Analysis Beryllium present
Clothing samples 12-37 mg/m? shirt
fabric

Alr Samples - simulated | Dose - 17 ug Be
cleaning of work

clothes
Dioxin Soil samples 3-48 ppb
. Carpet samples 2.6 ppb
Home vacuum samples - < LOD
post cleanup
Fungi Air samples - homes 103 - 10* CFU/m?
Lead Blood lead 220ug/dl
Home vacuum samples 13 mg/m?
ND-3,400 ppm
Car wipe samples 1.7-3 mg
814-3,910 ppm
Hair lead 12.69 ppm
Soil samples 51-520,000 ppm
Carpet samples 11.8-282.8 mg/ft?
1,700-84,000 ppm
Air samples - homes 2-50 ug/m?
Surface dust samples - 260-326,000 ppm
homes 20-295,000ug/m?
Mercury Air samples - 21.5-23.4 ug/m’®
examination trailer
PCB Serum PCB 69-101 ng/mL
Adipose PCB 20.7 ng/mL
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Tetrachloroethylene Breast milk Tetrachloroethylene
tetrachloroethylene present
Serum Tetrachloroethylene
tetrachlorcethylene present

Zeranol clothing Zeranol present

L

Standards with which to compare these levels are lacking in most cases.
Blood lead levels are one exception with a reccommendation from CDC of
10 ug/dl for children. Milar and Mushak propose that levels of
contamination exceeding 1,000 ppm of lead in housedust or 50 ug lead/m®
surface may cause a definite health hazard to children. In cases where
air levels are measured, they are most often compared to recommended
standards for worker populations which may not be protective for
children and for the prolonged exposure periods that may occur at home.
For many of the measures, the only comparison is to levels found in
control groups or background levels. This means that in these cases,
even though it is known that a take-home contaminant is present, the
significance of this presence in the causation of health effects may be

unclear.

(c) Effectiveness of Preventative Measures

One cross-sectional study conducted in Brazil [Silvany-Neto et al. 1989]
of blood lead levels in children living near a lead smelter, indicated
that controls implemented between 1980 and 1985 by the company to reduce
emissions did not successfully prevent children from being overexposed
to lead. A comparison of the results from a follow-up survey in 1985
with the results from an initial survey in 1980 demonstrated a reduction

in the proportion of children who had moderately elevated zinc

52



protoporphyrin levels (2.11 < ZPP £ 4.79 umol/l) and children who had
extremely elevated levels (= 4.80), but the proportion of children witch
above normal levels as a whole was similar to that found in the 1980
survey. The sources of exposure present in 1985 were believed to be
those generated before the implementation of controls. This study
reminds us that preexisting sources of exposure, as well as the
currently-generating sources of exposure, must be addressed in order to

prevent overexposures.

A publication of two case studies of workers’ spouses who had allergic
reactions to antigens brought home by their spouse [Venables and
Newman-Taylor 1989], indicates that the practices of showering and
changing clothes before leaving work were effective at preventing
allergic reactions. In the first case, the antigen was rodent urine

which the wife brought home from the research laboratory she worked/at)>
The symptoms of the worker’s husband resolved after the worker bega;/’
wearing different clothes at work and at home, and showering and washing
her hair before leaving work. In the second case, the antigen was
platinum salts which the husband brought home from his work at a
precious metal refining company. The symptoms of the worker’'s wife

resolved after her husband’s company instituted a policy that employees

should shower and change clothes before leaving work.

The report of an investigation of a stained glass window-making studio
[Donovan 1994(a) and (b)), which was conducted by NIOSH to evaluate

workers’ exposures to lead, indicated that the use of traditional
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industrial hygiene controls were affective at preventing contamination
of the worker’' home that was adjacent to the studio. Industrial hygiene
practices used at the studio included local exhaust ventilation for use
during soldering, general dilution ventilation equipped with an
electrostatic filter, adhesive mats at doorways to decrease the
migration of lead dust on shoes, a laundry room located between the
studio and the house that was also used as a changing room, designated
work clothing that was only worn in the studio, washing work clothes
separately from other clothes, and prohibiting work shoes from leaving
the studio. Based on the results of surface-wipe sampling, which
demonstrated elevated levels in the studio (1.2 to 1600 mg/m’) but not
in the house (non-detected or trace), the author concluded that the
industrial hygiene practices prevented the contamination of the house.
The author suggests that these industrial practices could benefit others
in the trade. These findings are particularly important since many of
the examples of gross home contamination found in the literature are

associated with home businesses or "cottage industries."

There were three publications [Baker et al. 1977; Barmett 1994; and MMWR
1977b], which did not demonstrate the effectiveness of controls, but
instead, demonstrated that investigations can be effective at getting
controls implemented. This is a reminder that evidence of a problem, or
at least awareness of a potential problem, may be needed in some

situations before controls are implemented.

Baker et al. [1977] reported on an investigation of a secondary lead
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smelter. The authors state that "Since this investigation, remedial
action has taken place at the smelter and in the workers’ homes to
reduce lead exposure: work clothes are no longer worn home, workers
shower before leaving work, plant processes have been redesigned to
reduce lead exposure, and homes have been thoroughly cleaned.” Although
it is not clearly stated, the article implies that the remedial action

was taken in response to the results from the investigatiocn.

Bérnett [1994] reported on a pesticide spill (chloropicrin) that
occurred at an employee's housé who was preparing a work vehicle for a
12-day trip to treat utilitcy poles. Next door residents, two adults and
three children, became ill and the local Fire Department Hazmat was
called to clean up the spill. As a result of this incident, the
employer instituted workplace changes which included a pelicy that
company vehicles were not to be taken home, and appropriate storage and

means to secure containers while transporting chleoropicrin must be used.

One article discusses the effectiveness of washing work clothes, worn by
workers at a piteh coking plant, at removing 3,4 Benzo(a)pyrene [Masek
et al. 1972]). The author states that "the present procedure of washing
working underwear and clothes by no means ensures an efficient removal
of the carcinogenic 3, 4-benzopyrene from the fabric . . . ." It is

assumed that the "present procedure" was normal detergent and rinse.

Excessive lead exposure was identified for workers at a battery factory

and some of the workers’ children [MMWR 1977b]. The factory initiated a
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program designed to reduce worker and family exposures. Plant
processes, including exhaust ventilation systems, were improved and
coveralls and improved shower facilities were provided. Under the
direction of the local health department, the homes of the affected

children were thoroughly cleaned.

(d) Effectiveness of Home Decontamination Procedures
There are few reports in the literature on the effectiveness of methods

for decontamination of household carpets and floors.

Repeated steam cleaning (Calgon* - detergent) reduced lead (Pb) dust in
carpets by 61% compared to a 12% reduction when cleaning used detergent

only. [Milar and Mushak 1982}

A study of contaminated homes near a lead smelter found that combining
HEPA filtered dry vacuuming and shampooing of carpets removed less than

8% of Pb. {CH2M Hill 1991]

Repeated HEPA dry vacuuming of carpets was ineffective in reducing Pb
contamination at the surface, and in some conditions actually increased;
dry HEPA vacuuming removed 95% of total dust from bare wood floors; dry
HEPA vacuuming removed 75% of total dust from linoleum floors, with an

additional 20% in a final wet washing. [Ewers et al. 1994]]

Use of HEPA filtered dry vacuuming was also ineffective in removing

asbestos fibers from carpets; HEPA filtered hot-water extraction reduced
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ashestos concentration by 70%. [Kominsky et al. 1990)]

(e) Effectiveness of Laundry Procedures
This section will review articles dealing primarily with the ability of
laundering procedures to adequately clean workplace clothing. Properly
cleaned protective clothing should prevent contamination of other
clothing and the skin, thus reducing the chance of bringing workplace
toxins Iinto the home. It must be emphasized that the wearing or taking
home of workplace (protective) clothing, often for the purpose of
laundering, is the major mechanism of exposure of homes and family
members to workplace toxins. As described elsewhere, this mechanism of
exposure has been documented for asbestos, silica, lead, fiberglass,
arsenic, beryllium, mercury, asthmatogens, pharmaceuticals, many
pesticides, chlorinated hydrocarbons, explosives, and other toxins. As
many articles note, it follows that great care must be utilized in
laundering contaminated clothing, and tHat one must consider
appropriate risk evaluation, work practices, engineering and other

controls, and protective clothing when involved in this process.

An obvious solution (besides ending or reducing the hazardous exposure
itself) to the problem of home contamination by soiled work clothes is
to leave all such clothing at work, as required for several workplace
hazards in federal regulations. Even this may not be totally effective
unless scrupulous separation of home and work clothes and other measures
are followed [Richter et al, 1985; Lundquist 1980]. Because of the

often incomplete cleaning, some articles have recommended the
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replacement of work clothes on a periodic basis [Masek et al. 1672].
The use (and subsequent proper disposal) of disposable protective

clothing is another means of avoiding home contamination.

A related issue is the potential contamination of waste water effluents
during laundering. This is under federal control for commercial
laundering operations [Weller 1994]. Other potential hazards of
laundering include local exposures to perchloroethylene from commercial

dry cleaning facilities {Stasiuk 1993].

Through the years, most sources have recommended daily laundering of
work clothes for virtually all exposures [Katzenellenbogen 1956;
Marceleno et al. 1974; Benning 1958; NIOSH 1973; Seixas and Ordin 1986;
Venable et al. 1993]. As noted below, the effectiveness of this

practice is often inadequately studied, and is frequently incomplete.

(1) Fibers
Studies are limited regarding the effectiveness of cleaning of
materials for fibers. Fiberglass from contaminated work clothes or
fiberglass textiles can contaminate other clothing in the wash
[Peachey 1967; Abel 1966; Madoff 1962]). In addition, the Peachey
paper found continued dermatitis after wearing clothes undergoing
two washes of fiberglass-contaminated clothing, indicating
incomplete fiber removal during the laundering. A NIOSH study of
dry cleaning a coat made with 8% asbestos fiber also showed that

fibers were picked up by other clothes in the same wash [NIOSH
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1971]. Unpublished data show that in one commercial laundering
setting, clothing contaminated with ceramic fibers (50 to 500 fibers
pet square millimeter) were, after washing, reduced to not
detectable to 7 fibers per square millimeter [Textile Rental

Services Association of America 1994].

(2) Non-Fibrous Dusts
The general practice of laundering assumes that appropriate
laundering should remove most non-fibrous dusts from clothing.
However, Cohen and Positano [1986] in a small study showed
considerable retention of beryllium in old shirts versus new ones,
even after laundering. The ability to resuspend the dust in the
laundered clothing was quite reduced, however. In the case of
silica, one small study found that laundering could be done without
contamination of the home area. [Versen and Bunn 1989]. However, in
other studies, as noted above, the process of home laundering was a

major cause of home contamination.

(3) Firefighter’'s Protective Glothing and Chemical Protective Clothing
Several NIOSH investigations in this area have been done [Kominsky
1984a,b,¢; Kominisky 1987; Kominisky and Singal 1987; Orris and
Kominisky 1984]. Most were related to contaminations with
polychlorobiphenyls (PCBs) during electrical fires. These efforts
indicated that, in one setting, a standard detergent wash followed
by a water wash did not effectively remove the PCBs from the (Nomex)

protective clothing, and may in fact have increased the
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contaminaction. The recommended wash was an alkaline (trisodium
phosphate base) or nonionic (octylphenoxypolyethoxyethanol base)
synthetic detergent. It was noted that the lack of visible
contamination should not be used to guide cleaning needs in this
setting; testing for residua is needed. The need to collect, test,

and properly dispose of the wash water was also noted.

One research effort indicated that a trichlorotrifluorcethane [Freon
113] based dry cleaning machine with a revolving chamber system
reduced site-contaminated garment PCB levels by an average of 88%,
and of laboratory-contaminated garments by 99% [Kominsky 1987].
Since safe levels of surface contamination are not known, it could
not be stated if this would prevent worker or home contamination.
Perkins et al [1987] found that Freon decontamination reduced
toluene to 0.8 percent of the original exposure on a butyl rubber
test material. A soap and water decontamination reduced the level
to 1.1 percent. However, air drying the test material at 50 degrees
Centigrade for 24 hours reduced the level to 0.25%. This research
also showed that the 50 degree temperature air drying reduced seven
other scolvent contaminants to the limit of detection levels.

Finding evidence of no damage to the material with this process, the
authors recommended it as the preferred means of decontaminating
chemical protective clothing against solvents. They noted that with
small amounts of contamination from solvents with "substantially
different solubility properties from the protective clothing," air

drying at room temperature for 24 hours should be adequate to remove
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the toxin.

(4) Laundering for Pesticide hemoval from Work Clothing
Numerous studies have examined the effect of laundering for
pesticide (or herbicide) removal from work clothing [Anonymous 1994,
Chiao-Cheng et al. 1988; Clifford and Nies 1989; Easley et al.
1981a, 1981b, 1982a, 1982b, 1983; Easter 1983; Finley and Rogillio
1969; Finley et al. 1974, 1979, undated; Goodman et al. 1988; Graves
et al. 1980; Hild et al. 1989; Keaschall et al. 1986; Kim et al.
1682, 1993; Kim and Wang 1982; Laughlin and Gold 1988, 1989a, 1989b;
Laughlin et al. 1981; Lillie et al. 1981, 1982; Mullen and
Lehrburger 1991; Nelson et al, 1992; Dakland et al. 1989; Obendorf
and Solbrig 1986; Rigakis et al, 1987; Satoh 1979; Stone and
Wintersteen 1988]. Other articles have addressed related issues,
such as the effectiveness of various types of clothing, typical use
patterns, etc., [Cloud et al. 1983; Stone et al. 1986; Orlando et
al. 1981; Oakland et al. 1992; Kim and Kim 1988; Rucker et al.
19861. Most of these articles deal with pesticide exposure. 1In
general, herbicides are less toxic than insecticides, although the

former have a wide range of toxicity and must be handled carefully

{Lavy 1988].

Several review articles and recommendations are of particular use to
those interested in the hazard of bringing toxins into workers’
homes Easley Laughlin, and Gold [1981}; Laughlin and Gold [1988];

Nelson et al. [1992]; Stone and Wintersteen [1988]. Nelson et al.
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[1992] found a range of pesticide post-wash residue of 0 to 41% of
the pre-wash level for six classes of pesticides, with an average of
13%. Keaschall [1984) found laundering to reduce contamination of
several pesticide classes approximately 90% to 95%. However, Easley
et al. [1982] and Laughlin et al. [1985] found only 67% of
concentrated (54%) methyl parathion was remeved from clothing after
ten washes. Because of the many unknowns, some authors recommend
yearly replacement of coveralls in pesticide application work [Stone

and Stahr 1989],

While the cited articles discuss laundering considerations, several
also note the importance of primary prevention [Ware et al. 1973].
For example, it has been shown that clothing contamination with
methyl parathion is reduced by 90% if one walts two days before
entering the treated field instead of just one day {Finley et al.
1977; Finley et al., 1979]. Because of the incomplete removal of
clothing contaminants, heat, ultraviolet light, microwave [Kim
1989], and antitoxic chemicals have been suggested as soil
degraders. However, these have not been extensively studies, and

are not commonly used.

The following summary of findings and practical recommendations is
based primarily on research of pesticide exposures cited above,
which generally involved home washing equipment. It is important
to note, therefore, that different or additional recommendations, as

described in other parts of this section, may apply to the
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decontamination of substances other than pesticides.

Summary of Laundry Findings:
1. Although many generalizations can be made, the effectiveness of

laundering depends on the specific toxic chemical exposure, and

its formulation.

2. Pesticides can leach from contaminated clothing during laundering
to contaminate other parts of the same garment, to other clothing
in the same wash, and to a lessor extent to the washing
equipment, thus potentially contaminating later washes. The

solubility of the pesticide is a major factor in this process.

3. The pesticides that leach from contaminated clothing to other
clothing or surfaces have been found to be biclogically active,

and thus capable of causing disease.

4. Although laundering can effectively reduce the level of
contamination of clothing, it almost never completely removes the

toxic residues.

5. Most experts note that, although further research is needed, it
has not been established that the amounts of residue left after a
careful laundering process constitute a health hazard for humans.
This statement assumes complete washing after every use, using a

prewash and the optimal wash conditions, and "normally" soiled
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clothing. It should be emphasized that clear examples of human

toxicity have occurred in laundered work clothes [Clifford and

Nies 19897.

The removal of pesticides from clothing is increased by using hot
water (e.g., 600 C.); a prewash or pre-rinse stage; multiple
washings; a heavy duty detergent, especially for those chemicals
that are oil-based; full volumes of water and a full wash time;

and a prolonged drying time.

Heavily contaminated clothing (such as from a spill of full
strength solutions) has been shown to be toxic to humans even

after multiple washings.

. The repeated use of clothing in exposure settings without

laundering after each use leads to an accumulation of residues.

. Laundry additives such as bleach or ammonia have not been found

to contribute to the removal of pesticide residues.

Summary of Laundering Recommendations from Cited Literature:

In most work settings, there is no quantitative assessment of the toxin

contamination of the clothing. The recommendations thus rely on

qualitative assessments of exposure, and are meant to represent

practical yet effective approaches to the problem, taking various

factors into account.
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One should always read the chemical toxin label carefully for
information regarding handling and recommended laundering

procedures.

Heavily contaminated clothing should be discarded and/or burned,
Because of the many unknowns, some authors recommend yearly
replacement of coveralls in pesticide application work, even when
heavy contamination is not known to have occurred [Stone and Stahr

1989].

Pesticide-contaminated clothing should be washed separately from

other clothing.

Laundering methods should include the use of a prewash/pre-rinse
step, hot water (e.g., 600 C.), and full cycle water volumes and
time (12-14 minutes, and a double rinse if possible). It is best to

wash only a few garments in any one wash.

Two washes are recommended routinely by some; and where significant

contamination is expected by others.

Contaminated clothing should be laundered after each use,

Line air drying is recommended, both to avoid contamination of an
automatic dryer which is difficult to clean, and to allow sunlight

and time to further reduce the toxic residues.
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8. After laundering contaminated clothing, the washer should have an
"empty load" wash with detergent and full volume and time settings

to reduce the chance of contamination of later wash cycles.

9, One should wear rubber gloves to handle pesticide-soiled clothing,
and dispose of these when deterioration is noted, and at the end of
the pesticide season. A separate garbage-bag lined cardbeard box
should be used as a hamper, and discarded at the end of the
application season. All appropriate safety and health measures

should be taken when handling the clothing.

Alirshowers and Sheoecleaners

Simonson and Mecham [1983] showed that airshowers removed from 5 to 72%
of lead dust from clothing in workplace studies, and 23% to 69% in
laboratory studies. Some small amount of breakthrough the clothing
(posing a possible skin exposure) was noted. Shoe cleaners were
observed (non-quantitatively) to be effective, although potential

problems with adequate maintenance were noted.

Other Agents

Little is reported regarding laundering to remove biologic agents, such
as anthrax, which can be transmitted to laundry personnel via work
clothes [Hardy 1965), or fungal spores which can be brought into

farmers’ homes on work clothes [Pasanen et al. 1989].

(3) Review of Federal and State Laws
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manufacturers, processors . * distributors to maintain records of
significant adverse reactions -o health, and §2607(e) requiring
manufacturers, processors and distributors to report immediately
information that a substance or mi. -ire presents unreasonable risk of

injury to health or the environment.

Asbestos Hazard Emergency Response Act of 1986
This act specifically requires that state plans for accrediting asbestos
removal contractors contain procedures to prevent asbestos exposure to an

employee’s family.

‘Residential Lead - Based Paint Hazard Reduction Act of 1992

This Act has several requirements that could be relevant to protection of
workers' families from lead-contaminated dust in their homes. These
include definition of lead-contaminated dust, development of a
comprehensive lead-exposure abatement program, studies of sources of lead

exposure in children, including occupational contributions.

Federal Insecticide Fungicide, Rodenticide Act

Requirements in this Act on storage and disposal of pesticide containers
and the subsequent regulation (40 CFR 165) are particularly relevant to
protection of workers’ families, especially in agriculture where cases of

childhood poisoning from improper disposal has been a problem.

(4) Responses of Federal Agencies to Incidences of Home Contamination

The purpose of this section is to review documented investigations and
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enforcement of regulations by state and federal agencies relative to home
contamination incidents. The documentation for this section is compiled

in Table 17.

‘(a) Centers for Disease Control and Ptevention(CDC)
Many of the centers making up the Centers for Disease Control and
Prevention, including the Institute, have been involved in

investigations of potential take-home exposures.

(1) National Center for Environmental Health (NCEH)
The mission of NCEH is to prevent and control disease injury and
disability related to the interactions between people and their
environment outside of the workplace. The center's applied research has
evaluated potential take-home exposures of toxi%i substances, including

lead, pesticides, arsenic, tin, and PCBs.

Lead

Three studies [Baker et al. 1977, Landrigan and Baker 1981, Matte et al.
1991] were conducted involving smelters. One [Baker et al. 1977], of
children and spouses of lead smelter workers determined that the
children had higher blood-lead levels and that their homes had higher
concentrations of lead than did controls. Families of battery plant
workers were found to have elevated blood lead levels in three studies
[Dolcourt et al. 1978; Watson et al. 1978; Dolcourt et al. 1981].
Novotny et al. [1987] looked at the blood lead levels of firing range

workers and their spouses finding elevated levels in the workers but not
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in the spouses. An ongoing study of workers exposed te the Firing
Range at the FBI academy suggests that there was potential for take-home
exposure of lead among these workers (based on contamination of

workers’ vehicles with lead) although lead dust levels in the workers’
homes and blood lead levels among the workers' children were low
(suggesting that the children were not being exposed to significant

amounts of lead at the time of the study).

In March, 1993 NCEH and NIOSH collaborated on an Exposure assessment for
heavy metals associated with a smelter in Oruro, Bolvia. The
investigators evaluated biological and environmental samples for lead,
arsenic, antimony, and tin. Both biological and environmental testing
suggested take-home of tin, although the biological results were not

elevated to levels documented to cause adverse health effects.

(2) National Institute for Occupational Safety and Health
Health Hazard Evaluations (HHEs) are conducted by investigators from
NIOSH. Employers or employees (or their representatives) can request a
Health Hazard Evaluation which studies potentially hazardous exposures
to material or conditions in the workplace. A review of reports from
these HHEs and other NIOSH studies conducted under its general research
authority indicates about 30 looked at potential or actual instances of

toxic materials travelling home with the worker.

Asbestos

Construction [Lemen 1972], flooring material manufacturing [Belanger et
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al. 1979), friction product manufacturing [Seixas and Ordin 1986], and
a chemical plant [Driscoll and Elliot 1990] were among sites
investigated. In each case it was determined that the potential existed
for workers to bring asbestos home on their clothing as a result of
inadequate or inconsistently applied hygiene practices. 1In two cases
[Seixas and Ordin 1986; Driscol and Elliot 1990] asbestos was detected
on the workers' clothes as they left the worksite. In a NIOSH
evaluation of a brake service facility [Godby et al. 1987)] it was noted
that most workers did not change out of work clothes at work and took

their work clothes home to laundry.

Lead

Stained glass [Landrigan et al. 1980], battery manufacturing and
recycling facilities [Apol and Singal 1980; Matte and Burr 1989;
Gittleman et al. 1991], tank lining companies [McCammon et al. 1991;
MMWR 1992a], assay labs [Gunter et al. 1987)], and building renovation
contractors [Kiefer 1994) were among situations investigated for worker
exposure to lead and the possibility of lead brought home from the
workplace by workers contaminating workers’' homes. In one case [Matte
and Burr 1989], a back-yard battery fepair shop, contamination of the
home and elevated blood-lead levels of family members were found.
Another case showed that the elevated blood lead levels of stained glass
workers' families were related to workplace exposure [Landrigan et al.
1980]. In another case, lead was detected in workers’ cars, indicating
a potential for transfer to the home [McCammon et al. 1991]. In most

cases, improved hygiene practices were recommended to prevent
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contamination of homes.

PCBs

Investigations of two of these cases, one a manufacturing plant and one
a rail yard contaminated with PCBs, resulted in hygiene recommendations
(Hartle et al. 1987; Hartle 1987]. Several HHEs dealt with firefighters
PCB exposure [Kominsky 1984, 1984b, 1984c, 1987, 1987a; Seligman 1984].
Generally, the firefighters' clothing was potentially contaminated.
Recommendations for laundering clething and using protective gear were

made .

Other

Children of chemical plant workers had enlarged breasts probably due to
Zeranol (estrogenic animal growth promoter) exposure at home. Zeranol
was thought to be brought home on the worker’'s clothing. NIOSH made

recommendations to prevent home contamination [Aw et al. 1985].

During the Hazard Evaluation of a thermometer plant, the NIOSH trailer
where tests were given became contaminated with mercury, suggesting

take-home contamination with mercury was possible [Ehrenberg 1986].

Other CDC Centers
In a joint study by CDC and EPA [Canon et al. 1978), kepone poisoning of
wives of kepone workers was investigated showing a connection with the
affected wives washing their husbands’ clothes. Wolfe et al. [1961]

made recommendations for pesticide applicators that include proper
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decontamination of empty drums and applicators’ clothing.

(b) Agency for Toxic Substances and Disease Registry (ATSDR)
The Agency for Toxic Substances and Disease registry has conducted
several relevant studies of workers homes in connection with
contaminated site studies, Investigation of a chemical manufacturer in
Adrian Michigan showed detectable levels of MBOCA in the urine of
workers families and tests showed the homes were contaminated. The
material may have been tracked out on the employees’' clothing and shoes.

Homes were decontaminated. [ATSDR 1989a, 1990b, 1993bj

An investigation at Bofors-Nobel, Inc. in Michigan showed
Dichlorocbenzidene contamination in workers' homes and Dichlorobenzidene

in the urine of some workers and family members., [ATSDR 1991b]
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ATSDR reports describe other investigations inte MBOCA,{iead [ATSDR

1991a, Alabama Department of Public Health 199;h and mercury [ATSDR

1990a] home exposures.

(c) Occupational Safety and Health Administration (OSHA)
Although in general OSHA’s jurisdiction is limited to the workplace

itself, several reports on take home contamination exist.

One report [Natarajan 1994] describes an investigation into high blood-
lead levels in a child. The child’s father (who also had an elevated

blood-lead level) worked as a radiator repairman. In Kankakee IL
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[Wiehrdt 1994], the local health department referred a case to OSHA of
gross lead contamination of a home. Two children were hospitalized and
chelated. The father, an employee of a battery plant, was bringing lead
home on his clothing. OSHA conducted a comprehensive inspection of the
plant. In Indianapolis IN, [Wiehrdt 1994] OSHA suspected a potential
home contamination problem while inspecting a local plant in 1984. OSHA
referred the potential problem to the local county health department.
Subsequent investigation by this department determined that at least one
of the children had a blood lead level of 50 ug/dl.. In 1990, the
Cleveland Area OSHA office [Wiehrdt 1994] investigated a company where
it was determined that employees were being exposed to lead. Hearing
that three employees had children with elevated blood lead levels, OSHA
conducted sampling in the employees’ homes. Later, the case was
reported to the state’'s Department of Health and the Cleveland Lead

Hazard Abatement Center,

(d) Environmental Protection Agency (EPA)
Reports from the Environmental Protection Agency indicate various
Investigation and remediation efforts for Dioxin contamination of homes
from contaminated fill and roadway material. {Ramsey 1987; MacDonald
1988; ERM-Southeast Inc. 1989; CH2M Hill 1991; Doherty 1984; Hess 1988;
Beegle and Forshund 1990.] Although these reports do not describe take
home contamination, i.e., contamination brought home by workers from
their workplace, they do outline various protocols for cleaning

contaminated homes.
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(e) Department of Energy (DOE)
Beginning in October 1990, the Department of Energy (DOE), under DOE
order 5000.3A, requires the reporting of ANY event which could "affect
the health and safety of the public, seriously impact the intended
purpose of DOE facilities, have a noticeable adverse effect on the
environment, or endanger the health and safety of workers." In February
1992, this order was superseded by DOE order 5000.3B,‘ugicﬁ some
modifications in reporting criteria. The requirements cover "events"
related to radiocactive as well as other hazardous materials and replaced
a previous "unusual occurrence reporting system" instituted in 1984.
The central DOE operational data base containing all post-1989
occurrence reports is called ORPS (Occurrence Reporting and Processing
System) and is maintained by the DOE Office of Nuclear Safety. There is

no central repository of pre-1989 records or reports.

Both chemical and radiologic contamination incidents are covered by the
DOE reporting policy. The database is not classified; if any of the
reports involve classified information, a computer entry notes that
there is a classified report, with the detailed description maintained
in a classified hard copy file. The reported incidents are summarized

weekly in a publication prepared by the Nuclear Safety Office of DOE.

There are approximately 19,000 reports from 1990-present in the
database. Since off-site contamination of a home is not uniquely coded;
the use of word searches with ORPS can lead to under-counting of

relevant cases of potential take-home contamination.
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The ORPS Program Manager provided 16 reports related to contamination of
workers' homes with hazardous substances transported from the workplace.
These reports primarily describe breaks in procedure or poor work
practices with potential_rather than actual take-home contamination, or
with take-home activity that did not result in contamination of the
workers' homes or family members. The three incidents invelving

possible contamination of workers’ homes or family members include:

1. Workers contaminated with thorium and protactinium while changing
valves on cylinders apparently ignored positive readings on
contamination monitors, resulting in contamination of one employee’s
pillow case and shirt and another employee’s shoe. The incident led
to major revisions in the facility's monitoring program and
contamination control procedures, Based on survey information and
monitoring data, which indicated no internal contamination of the
workers and "minute" external (skin) contamination, the incident was
anticipated to have "negligible effect on the health of the workers

or the public.,”

2. An employee was found to have contaminated hands when monitored upon
entering the facility; the employee had not gone through the
monitoring process when exiting from work the previous night.

Survey of the employee’'s home found that two items of personal
clothing worn the previous day were contaminated. Levels of
contamination were "extremely low" and there was felt to be no

exposure to the employee’s family. The employee and his clothes
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were decontaminated and the employee was terminated for "willful and

flagrant disregard of health and safety procedures.”

3. Initially-undetected damage to an americium source resulted in
contamination of a worker’s hat, which was found on routine survey
several days after the event. Follow-up investigation identified
americium on the diaper of a worker’s infant child. A panel of
independent experts from the national radiation dosimetry community,
the radiological medicine community, and a local pediatrician guided
the follow-up evaluation, which concluded that most likely
explanation this was a false positive because of poor laboratory
performance; the poor laboratory performance was well-documented by
the evaluators and no subsequent samples were sent to the offending
lab. The team reviewing the incident recommended more careful

handling of and administrative controls for americium sources.

(f) Nuclear Regulatory Commission (NRC)
The U.S. Nuclear Regulatory Commission has regulatory jurisdiction over
byproduct material of reactors plus "special nuclear material” used as
reactor fuels or bomb material. Users of radioactive materials falling
under NRC jurisdiction include commercial nuclear power plants,
university and hospital laboratories using radiocactive materials, and
industrial users of radiation sources. Twenty-nine states have
agreements with NRC delegating to the states regulation of nuclear
materials within their borders; NRC directly administers regulatory

activities in the remaining 21 states.
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Reporting regulations contained in 10 CFR 20 should cover all
significant incidents of off-site contamination, including contamination
by radioactive material accidentally or intentionally brought home by

workers.

NRC maintains two databases potentially containing reports of off-site
contamination of workers’ homes: the database of events called in to the
NRC Operations Center (dealing mostly with reactor-related events) and
the Non-Reactors Event Reporting (NRER) database, which is a compilation
of significant Non-Reactor licensee reports that were originally sent to

the NRC regions (ref: personal communication, Ken Brockman, NRC).

At the request of NIOSH, NRC personnel searched these two databases to
identify events involving radioactive contamination brought home from
the workplace. A search of NRC Operations Center data from 1985 to mid-
September 1993 identified 34 incidents of off-site contamination; in
seven of these, the brief reports directly address the possibility for

take-home radiocactive material.
1. Contaminated hand tools were found in the home of a nuclear power
reactor contractor's home. One tool was radioactive, but no

personnel or items in the contractor's home were contaminated.

2. A deliberate ingestion of uranium acetate was associated with

contamination of the ingester’'s home.
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3. Four nuclear power plant contract workers contaminated their socks
and shoes, which went initially undetected by monitor with potential

contamination of a home and a hotel.

4, Low-level contamination, initially undetected at a portal monitor,

was discovered on clothing brought home by a power reactor worker.

5. A worker in a fuel cycle facility was burned by a radicactive acid
solution. Although no contamination was discovered during the
worker’'s self-frisk before he was transported to the hospital,
external contamination was subsequently detected on the acid burn

areas.

6. Low-level contamination was found on the accelerator pedal of a
worker’s vehicle during employee screening after detection of P-32

contamination in a laboratory.

7. Four contract workers set off portal monitors when reporting to work

at a nuclear power reactor for the first time.

No additional information is available for any of these reports.

A search of 1985-92 NRER data identified 80 contamination events
resulting in off-site contamination. The reports generally lack detail,
but those which raise the possibility of take~home contamination

include:
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In the 1970s, in accordance with his employer’s policy at the time,
a worker used waste lumber from his workplace to comstruct a garage
in his home. The employer manufactured catalysts containing
depleted uranium. In 1991, following newspaper articles concerning
radioactive contamination at the site, the employee contacted the
state department of health. Surveys of the garage revealed
contamination in excess of the NRC release criteria. The licensee
replaced the garage. There were no reports of adverse health

effects.

Phosphorus P-32 was spilled in a university laboratory over a
weekend; the spill was discovered when contamination was found on an
individual’s shoes. Contamination was found in the laboratory, in
the building outside the laboratory, in at least one automobile, and
on the shoes of about 40 individuals. Contaminated areas were
isolated and cleaned up and all contaminated items were impounded
and de-contaminated. There were no reports of adverse health

effects.

A contamination event at a hospital resulted in contamination of a
n/

pharmacy truck drive, his truck, and a transport box. No additional
P

information available.

Radiocactive sand from a federal facility was disposed of in a septic

tank on a farm. No additional information available.
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5. "Small areas of contamination"” found in a worker's residence. No

additional information available.

6. Contamination found at a residence recently vacated by owner of a

licensed laboratory. No additional information available.

(g) Mine Safety and Health Administration (MSHA)
MSHA has investigated two instances where workers inadvertently brought
mercury into their homes and cars [Zalesek 1994]. 1In one case, the
workers’ washers and driers were the most heavily contaminated part of

the homes. The company cleaned the homes.

(5) Responses of State Agencies to Incidences of Home Contamination
|
Information on state agency investigations into incidents of home
contamination was obtained in two ways. The first was via direct
solicitation of various state agencies including state agriculture and
state and local health departments, state departments of labor, and state
environmental departments. Responses received from these state agencies
are compiled in Tables 18 and 19. The second way documentation of state
investigations was obtained was through literature searches in the open

literature. Studies by state agencies identified in this way are compiled

in Table 20.

In some instances where states reported they had no information on home

contamination investigations or incidents, such reports were found in the

literature. Likewise, states which did not respond to inquiries also had
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reports in the literature of investigations that took place in the state.
Commonly, in these instances, these investigations were conducted by local
health departments collaborating with federal agencies and reported in

journal articles ox CDC’s MMWR.

The reports of these state agency responses to, or investigations of, home
contamination incidents are divided into three groups: Lead; Pesticides;

Other.

Lead

Because of its wide use in a number of common industries, and particularly
because of its serious neurological impact on children, the most commonly
cited incidents of home contamination from the states involve lead. Many
states maintain active surveillance of lead poisonings through local
health departments and physician reporting and as a result can identify

incidents for investigation.

In 1975, the Minnesota Department of Health investigated the potential for
elevated blood-lead levels among household contacts of employees of a lead
smelter [Winegar et al. 1977]). Data gathered as a result of this study
showed high levels of lead in the workers' clothing and hair and elevated
blood lead levels in some children of the workers. This smelter reclaimed
lead from old batteries. Home contamination incidents from similar
battery manufacturing, recycling or reclamation operations were
investigated by health departments in several states. In a Tennessee case

investigated by the state’s Department of Public Health and the local
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County Health Department, 49% of the battery reclamation workers’ children
(30 of 102) had elevated blood lead levels greater than or equal to
30ug/dL. [MMWR 1976]. Again, the source for lead appeared to be the
parents’ contaminated clothing. This level differed significantly from
similar local populations of children. Oklahoma investigators found
similar results in an investigation of blood lead levels in children of
battery manufacturing workers [Morton et al. 1982]. In North Carolina,
72% of the children of battery plant workers in an investigation had blood
lead levels of 30ug/dL or above [MMWR 1977b]. An investigation by the
Alabama Department of Health in 1991 of a battery recycling operation
revealed elevated blood lead levels in most of the workers. When the
local County Health Department measured the blood lead levels of the
children of these workers, mean blood lead levels were 22.4ug/dL [MMWR
1992b]. These investigations resulted variously in chelation therapy for
victims, recommendations for improved hygiene practices, improved
engineering controls, OSHA fines, and, in one case, a court order to

remove all workers from the workplace.

Elevated blood lead levels in children have also been traced to radiator
repair workers. Investigators from the New York City Department of Health
‘[Nunez et al., 1993] found that three of seven radiator repair workers'
children tested had blood lead levels at or above 10 ug/dL. The Minnesota
Department of Health [Lussenhop et al., 1989] investigated blood lead

levels in radiator repair workers and their children.

Other cases investigated by states where elevated blood lead levels in
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children were attributed to the parents’ occupation include a Mississippi
Department of Health investigation into lead contamination of a lead
transporter’'s home [Pollock 1994] a capacitor and resistor plant in
Colorado investigated by the local Health Department and QOSHA [MMWR 1985],
a belt buckle, plaques, and awards manufacturer investigated by a Colorado
local Health Department [MMWR 1989], a soil nutrient manufacturer
investigated by the Iowa Bureau of Labor [Hooper 1991], and an un-
identified company in Indianra reported through the state’s Department of

Labor [Molovich].

In 1992, a pilot study of take-home lead was conducted by the New Jersey
Department of Health [Czachur et al. in press] 98 persons with elevated
'blood lead levels (z 40pug/dL) were identified through the state’'s
occupational lead registry and 45 were contacted, interviewed about their
occupations and age of their homes, and offered free blood lead level
testing for their children. Blood lead levels were obtained on 28
children from the families of 15 of these workers. Nine (32%) of these
children had blood lead levels now considered to be a potential risk for
adverse health effects (= 10ug/dL). Interestingly, of six children whose
parents did not bring their clothes home to be laundered, none had blood
lead levels at 10ug/dL or above while the parents of all nine children at

10ug/dL or above did bring their clothes home to be washed.

‘Pesticides
Surprisingly, no states responded with nor was any information found about

pesticide home contamination. As a consequence, there are no reports
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listed in the tables. However, awareness of the potential for such cases
was demonstrated by the existence of programs and printed materials to
educate about the potential for such home contamination and ways to
prevent it. Agricultural extension services in Arkansas [Lavy 1988;
Huitink 1994], Florida [Anonymous 1994], Towa [Stome et al. 1986; Stone
and Wintersteen 1988], Louisiana [Finley et al. no date], Michigan
[Branson and Henry 1982], and Nebraska [Easley et al. 1981] have developed
training courses for pesticide safety, brochures describing safe
application practices, brochures on proper laundering techniques for
clothes Qorn during application, or brochures on proper disposal technique

of pesticides containers.

Other

A 1936 study by the Pennsylvania Department of Labor and Industry of the
effects of Hexachloro-Naphthalene and Chloro-Diphenyl exposure on wire
insulation workers attributed dermatitis in a young child to exposure from

1

his father [Fulton and Matthew 1936].

In 1948 [Hardy 1948), a paper published on beryllium exposure and disease
by a physician with the Massachusetts Department of Labor mentioned the
case of the mother of a worker who developed beryllium related disease.
The suspected cause was beryllium exposure from her daughter. In the
1960's, contact cases of beryllosis were investigated by the Pennsylvania

Department of Health [Lieben and Williams 1969].

A study published in 1978 by researchers with the New York Department of
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Health showed a correlation between mesothelioma in women and asbestos

related employment of husbands and fathers [Vianna and Polan 1978].

Investigators from the Vermont State Department of Health studied home
contamination and health effects in children of thermometer plant workers
exposed to mercury [Hudson et al. 1985). 1In California, the State
Department of Public Health investigated mercury exposure and poisoning of
cinnabar miners and mill workers [West and Lim 1968]. Interestingly,
'although the investigators noted that home contamination with mercury
brought home on workers' boots and clothes could increase workers'’
exposure to mercury, no mention was made of potential family member

exposure.
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