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Introduction

Lead poisoning has been recognized
as an occupational illness for centuries,
and it is linked with both severe and subtle
health damage. 12 Exposure reduction has
long been recognized as the principal
means of prevention. Although the US
Occupational Safety and Health Admin-
istration (OSHA) adopted comprehensive
lead regulations in 1978,3 occupational
lead poisoning remains a serious and per-
sistent public health problem.4'5

From 1987 to 1990, the California Oc-
cupational Lead Registry-a laboratory-
based surveillance system-received re-
ports of 1503 adults with blood lead levels
of 1.93 ,umol/L (40 ,ug/dL) or higher.6'7
The true number of workers with blood
lead above that level may be much higher,
because only a small fraction of lead-ex-
posed workers receive routine blood lead
testing.8 Other workers are likely to be
untested and thus unreported even if they
have seriously elevated blood lead levels.

In 1989 on-site surveys verified lead
overexposures in many companies where
no blood lead testing had been done.9
Many employers indicated that they were
unaware of OSHA requirements and
lacked the knowledge or resources to de-
velop lead-poisoning prevention pro-
grams. Other barriers to such programs
include the scarcity of physicians familiar
with lead monitoring, lack of low-cost
ventilation, and lack of effective training
resources.

The project described in this paper
was conducted by the California Depart-
ment of Health Services, which operates
the Registry. Its goal was to reduce the
prevalence ofoverexposures in a high-risk
industry by developing and applying a
new occupational illness prevention
model. Improving the sensitivity of the

Registry in order to better guide interven-
tion activities was essential to this goal.

The radiator service industry was se-
lected as the focus of this project. Over-
exposures to lead and noncompliance
with OSHA lead regulations have been
well documented in this industry.710"11
More companies in this industry than in
any other have had workers reported to
the Registry,7 despite the low proportion
of companies providing routine blood lead
testing.8 The radiator repair industry con-
sists mainly of extremely small busi-
nesses, and many owners and employees
have limited English skills. The project
was conducted in Los Angeles and San
Bernardino counties. During 1989, the
Registry received reports of blood lead
levels exceeding 1.93 ,umol/L (40 p.g/dL)
for 10 radiator repair workers employed
by five companies in these counties. A
Los Angeles County study identified 55
radiator repair companies with potentially
significant lead exposures, more than in
any other industry.12

Methods

The intervention program focused on
three areas: identifying companies, devel-
oping and marketing resources to facilitate
employers' own lead-poisoning preven-
tion activities, and maintaining regular
contact with individual companies to stim-
ulate and monitor their progress.
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The project's strategy was to get
companies started with the relatively sim-
ple step of blood lead testing. OSHA reg-
ulations imply that air monitoring should
be the initial means of hazard evaluation,
but blood lead testing offers several ad-
vantages over air monitoring. It is indica-
tive of both ingestion and inhalation ex-
posures13 and has less daily variability
than air monitoring. It is also less expen-
sive, allowing companies to save limited
funds for exposure control. Blood lead
testing also provided a key link between
the companies involved in the project and
the existing Registry with its established
mechanisms for follow-up of individuals
with high blood lead levels. Perhaps most
important, documented high blood lead
levels could provide strong motivation for
employers to reduce workplace expo-
sures.

A key step in eliciting companies'
cooperationwas presenting a step-by-step
approach by which they could achieve
compliance with the principal OSHA reg-
ulations. This approach encouraged em-
ployers to work first on measures that
were likely to be the most cost-effective in
reducing exposures.

Company Identification

Four hundred fifty-nine Los Angeles
County and San Bernardino County radi-
ator industry companies were identified
from local telephone directories and local
agencies. A baseline survey of these com-
panieswas conducted duringJuly and Au-
gust 1990. Ofthe 459 companies surveyed,
275 were apparently engaged in radiator
repair or manufacture and were entered
into the intervention phase of the project.
Excluded were 76 companies that were
reportedly out of business, 94 that were
engaged in wholesale or retail trade only,
and 14 that did not respond.

Resource Development

A local ad hoc advisory committee
was convened to enhance the project's
sensitivity to the needs of the industry, to
encourage the use of newly developed re-
sources, and to establish a foundation for
continuing local efforts after the project's
conclusion.

The project provided no direct profes-
sional services (such as blood lead testing
or airmonitoring). Instead, existingprovid-
erswere urged to tailor their services to the
needs of participating companies. These
resources were publicized by project staff
and cosponsoring organizations.

The new or expanded resources that
resulted directly from the project included
the following:

* A comprehensive manual pro-
duced by the California Depart-
ment of Health Services (Prevent
Lead Poisoning... Before It Poi-
sons YourBusiness) to guide com-
panies step-by-step in creating a
lead-poisoning prevention program

* A low-cost blood lead screening
program sponsoredbythe National
Automotive Radiator Service As-
sociation and the Western Occupa-
tional Medicine Association

* A model contract for use by em-
ployers and physicians establishing
medical surveillance programs

* Seminars for participating employ-
ers, sponsored by the California
Department of Health Services

* Worker health and safety training
classes in English and Spanish,
sponsored by Los Angeles City
College

* A bilingual motivational video
(He's Not the Man I Married ...
CouldItBeLead?) forworkers and
their employers, produced by the
California Department of Health
Services and funded in part by Cal-
ifomia's State Compensation In-
surance Fund

* Continuing medical education
courses sponsoredby local medical
groups

Indirect results of the project's activ-
ities included the following:

* Marketing of low-cost ventilation
systems developed by private ven-
dors specifically for use in radiator
repair

* Testing of lead-free solders for ra-
diator repair, sponsored by the
Copper Development Association

Tracking ofCompanies' Progess
Companies were first notified of the

intervention project in October 1990.
They were informed that active participa-
tion in the model project was voluntary
but that compliance with OSHA regula-
tions was mandatory, and that failure to
cooperate might result in referral to Cali-
fornia's Division of Occupational Safety
and Health (Cal/OSHA). The companies
were encouraged to initiate lead-poisoning
prevention activities by conducting blood
lead testing. They were asked to submit
their test results on progress report forms.
Employers that provided no evidence of
testingwere sent a friendly reminder letter

5 weeks after the initial contact, followed
3 weeks later by a bluntly worded letter
warning that they might soon be identified
to Cal/OSHAand then a finalwarning sent
via certified mail. Companies without em-
ployees are exempt from Cal/OSHA reg-
ulations, so they were not sent the warn-
ings. During this period, project staff
responded to many telephone requests for
information. Intensive case follow-up
(similar to that for other cases reported
through the Registry6) was conducted for
individualswith reported blood lead levels
of 2.90 p,mol/L (60 4g/dL) or higher.

Data Collection and Analysis
Information about the companies'

business activities and any previous blood
lead testing or air monitoring was ab-
stracted from their baseline survey re-
sponses. Information about new blood
lead testing (and air monitoring) was taken
from the companies' progress reports.
Registry data provided a basis for validat-
ing information on the progress reports
through comparison of results for each in-
dividual identified in both systems.

Data analysis followed a written plan
prepared in advance, based on standard
statistical methods. Statistical analysis
was conducted with commercial micro-
computer software packages. In describ-
ing companies' blood lead levels, maxi-
mum values were used rather than means
or medians, because a company was con-
sidered to have a lead exposure problem if
any worker had a high blood lead level.

Results
Skty Group

Of the 275 companies enrolled in the
intervention phase, 23 were dropped be-
cause they went out of business or be-
cause they repaired fewer than 10 radia-
tors per week. Of the 252 active
companies, 148 (58%) had employees (a
mean of six employees per company, of
which two were engaged in radiator repair
work); 104 (42%) were owner-operators
without employees. Two-hundred forty-
seven companies repaired used radiators;
five manufactured new radiators or cores.

Progress reports submitted by 171
companies indicated that 495 individuals
participated in blood lead testing (386 em-
ployees and 109 owners and managers).
Over half of the companies used the trade
association's low-cost screening program.
Twenty-four individuals reportedly de-
clined to be tested, and 141 were consid-
ered unexposed by their employers. Most
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mean of 3.2 years. Sixty percent had His-
100% 95 panic surnames. Eight (1.6%) were female.

Blood Lead Testing
80'y@ Bloodl lead testing increasedl sharply

I ~~~~~~~~~~~~~~~~~~~duringthe studly period among both em-
60%- ~~~~~~~~~~~~~~~~~ployersand owner-operators (Figure 1).

E Nearly half (47%) of the companies initi-
8 40%- ~~~~~~~~~~~~~~~~~~~~atedblood lead testing only after the first

29%/ strong warning of referral to Cal/OSHA if

20% ~~~~~~~~~~~~~~~~~~~~~theyfailed to conduct testing (Figure 2). By20% -

%January 1991, only seven employers had
1% failed to provide evidence that the required

0%/ blood lead testing or air monitoring had
Employers Owner-operators been conducted. Cal/OSHA initiated en-

forcement inspections at each of the seven.
FIGURE I-PoCitgeOf COf1mSfIS toa C iiducISd blocd hOd tSUn9 bOlfOe the The overall distribution of blood lead

Intervenlon project (dark bar W VWuan th rjct(11 bwrs). levels is shown in Table 1. Individuals'
blood lead levels ranged from 0.05 to 4.93
I.LmoI/L, with a median of 1.01 j.xmol/L (21

30- c p~g/dL). Radiator repair workers had the
a highest blood lead levels, with a median of

25 1.35 p~molVL. Blood lead levels of 1.93

OD~~~~~~I.mol/L (40 ~g/dL) or higher were re-
aL 15 I ported for 69 individuals, including 54 ra-
E Vd diator repair workers (22% of those test-10 ed). More than one quarter of the

___________________companies reported blood lead levels of
0 . . ... u 1.93 ixmol/L. or higher.

-10 5 0 5 10 15 2 25 Among radiator repair employees,
Time to initial blood testing, weeks after start ofproject median blood lead levels were not associ-

Note. a = lime at which packets announcing the intervention program were received by ated with the number of radiator repair
participating companies. workers in the company (Kruskal-Wahlis,

b = Time at which first reminder letters were received. P > .3). Blood lead levels were slightly
c = Time at which second reminder letters were received, including first blunt wamings higher for older workers than for youngerabout CaVOSHA enforcement.

wres(utpergeso,soe=02d = Time at which the process for referring noncooperating companies to CavosHA wres(utpergeso,soe=02
was initiaed. p~g/dL per year, P < .02) but did not vary

significantlywith length of current employ-FIGURE2-Relatlonshlp betweentlming of projectatMtle and Initklaton ofcompany- ment.
sponsred blood lead testing at 171 companIes. O h 1 niiul itdo h

progress reports as having blood lead lev-
els of 1.21 p~moh/L or higher, concurrent

..........Registry reports were received for 162
(74%). The reported values were identical

........in the two data sources for 93% of these
12 %VG ~2%~M aes. Minordiscrepanciesaccounted for

jirio MnlJL the remainder. For only one company
~~~~ ~ ~ ~ ~ ~ ~ ~ wre blood lead levels exceeding 1.93

~~~~~~~~~~I.mo/Lreported through the Registry but
oton the coffesponding progress report.

Inui~~~~~r~~bS 140~~....1................Air Monitoring
M.-- M-1.... ~~~~~Six companies conducted air mom-~~~~~~toning; each of these also conducted blood

.........:%W.W...lead testing. Data provided for the six
... .... .....c mp nis.hoe.m xi um ai bo n....lead...exposures.......of...9..to...97......g..m. ..(median......21.

*....... s.........................

individuals tested were radiator repair (22%). They averaged 36 years of age and The enormous increase in blood lead
workers (50%) or owners or managers had been at their current companies for a testing activity resulting from this
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project-from 9% of participating em-
ployers to 950-indicates that compa-
nies that have been largely out of com-
pliance with required worker protection
measures can successfully be urged to
begin taking action on lead-poisoning
prevention. The increase in testing gen-
erated a similar increase in Registry re-
porting, from 5 companies where blood
lead levels exceeded 1.93 ,umol/L during
1989 to 49 such companies during the
project's first 5 months.

Most public monies spent on occu-
pational illness and injury prevention have
gone into development and enforcement
ofregulations. Most observers concur that
in the case of lead, the results of this
"command and control" approach have
fallen short of the goals of the original
OSHA regulations.14 Existing enforce-
ment programs have been particularly in-
effective at changing the practices ofvery
small businesses, such as those targeted in
this project. The need for locally based,
industry-focused outreach programs has
alreadybeen recognized, and has been ad-
dressed in at least one location with a se-
ries of on-site surveys.15

This project fills a need for occupa-
tional health intervention models that
spread limited resources over a substan-
tial number of companies, yet are still
able to demonstrate real impact in those
companies. The number of companies
and workers affected by this project was
far larger than the number that could have
been affected by on-site consultation at
individual workplaces. The project was
able to amplify its impact by adopting a
community-based approach, drawing on
the resources of existing organizations
such as trade associations, insurance
companies, medical associations, and
suppliers of safety-related goods and
services.

The reported blood lead levels con-
firm that lead exposures are inadequately
controlled in the Southern California ra-
diator service industry, and that the num-
ber of radiator repair workers with ele-
vated blood lead levels is far larger than
the number previously reported to the
Califomia Occupational Lead Registry.
Overexposures are likely in the 28% of
participating companies where blood-
lead levels of 1.93 jxmol/L or higher were
reported. Measures to reduce exposures,
such as installation of engineering con-
trols, may be complicated and costly. Be-
cause of the increased testing stimulated
by the project, and enhanced surveil-
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lance, subsequent intervention efforts
can be focused on companies where the
need is greatest.

Possible limitations of these data
should be considered. Blood lead values
were furnished by the companies them-
selves and may include intentional or un-
intentional inaccuracies. However, the
good agreement between Registry and
company-reported data is encouraging.
The blood lead levels presented in this
report are somewhat lower than those
previously found in the radiator service
industry in other states.10,11 This discrep-
ancy may reflect lower airborne expo-
sures in Southern California workplaces,
where much work is done in areas with
substantial natural ventilation year-
round. Alternatively, because the blood
lead data were collected in late fall, they
may not reflect peak levels during high-
production summer months.

Data from this project reinforce pre-
vious studies suggesting that current sur-
veillance systems seriously undercount
the number of workers affected by over-
exposure to lead. Increasing the sensitiv-
ity of lead registries would improve esti-
mates of lead poisoning prevalence and
strengthen efforts to link surveillance
with intervention activities. This project
serves as a model for increasing the sen-
sitivity of registries by stimulating greatly
expanded blood lead testing.

The project's impact cannot be at-
tributed to any single factor. Although
the ongoing contacts with participating
companies required continuous effort,
the average amount of time devoted to
each company was small in comparison
with the time that would have been re-
quired for individual on-site consultation.
The fact that nearly half of the participat-
ing companies began their testing only
after receiving a blunt warning about en-
forcement actions suggests that enforce-
ment can be an effective incentive to em-
ployer action when it is coupled with a
targeting mechanism. Further follow-up
will be required to evaluate the effect of
enforcement agency referrals and to de-
termine the project's impact on compa-
nies' ongoing lead-poisoning prevention
activities. The success of the initial phase
of the project warrants the extension
of the model to other lead-using indus-
tries and its use in other locations. The
model could well be applied to preven-
tion of other types of occupational injury
or illness. [l

Public Health Briefs

Acknow*ledgents
This project was supported in part by the Cal-
ifornia Department of Health Services (Con-
tract 89-97661), the National Institute for Oc-
cupational Safety and Health (Cooperative
Agreement U60-CCU-02990-03), and the Cali-
fornia Department of Industrial Relations (via
interagency agreement).

The substance ofthis paperwas presented
at the National Conference on State-Based Oc-
cupational Safety and Health Activities, Cin-
cinnati, Ohio, September 1991, and at the an-
nual meeting of the American Public Health
Association, Atlanta, Ga, November 1991.

The authors acknowledge the many con-
tnbutions of the project staff: Elizabeth Abello,
Robin Dewey, David Harrington, Lucia Mire-
les, Kate Nichol, Sarah Royce, Glenn Shor,
Joan Sprinson, and Pat Young. Neil Maizlish
provided invaluable insight and assistance. The
authors also gratefully acknowledge the guid-
ance and feedback of the project's ad hoc ad-
visory committee. The project would not have
been possilble without the cooperation and con-
tnbutions of the California Division of Occupa-
tional Safety and Health (Cal/OSHA).

References
1. Hamilton A. Exploring the Dangerous

Trades. Boston, Mass: Little, Brown;
1943.

2. Landrigan PJ. Toxicity of lead at low dose.
BrJ Ind MedL 1989;46:593-596.

3. US Occupational Safety and Health Ad-
ministration. Occupational exposure to
lead: final standard. Federal Register. No-
vember 14, 1978;43:52952-53014.

4. Froines JR, Baron S, Wegman DH,
O'Rourke S. Characterization of the air-
borne concentrations of lead in U.S. indus-
try.Am JInd Med. 1990;18:1-17.

5. Rudolph L, Maizlish N, Tepper A, et al.
Surveillance for occupational lead
exposure-United States, 1987. MMWR
1989;38:642-646.

6. Maizlish N, Rudolph L, Sutton P, Jones
JR, Kizer KW. Elevated blood lead in Cal-
ifornia adults, 1987: results of a statewide
surveillance program based on laboratory
reports.AmJPublicHealth. 1990;80:931-
934.

7. MaizlishNM, Rudolph L. California adults
with elevated blood lead levels, 1987
through 1990.AmJPublic Health. 1993;83:
402-405.

8. Rudolph L, Sharp DS, Samuels S, Perkins
C, Rosenberg J. Environmental and bio-
logical monitoring for lead exposure in Cal-
ifornia workplaces. Am J Public Health.
1990;80:921-925.

9. Bellows J, Rudolph L, Kryszak J. Occu-
pational Lead Exposure in Califomia-
WorHqlace Conditions Underlyin the Re-
ported Index Cases. Berkeley, Calif:
California Occupational Health Program,
California Department of Health Services;
1992. Publication CDHS (COHP) FI-89-
001.

10. Goldman RH, Baker EL, Hannan M, Ka-
merow DB. Lead poisoning in automobile
radiator mechanics. N EngI J Med. 1987;
317:214-218.

11. Lussenhop DH, Parker DL, Barklind A,

American Journal of Public Health 409



Public Health Briefs

McJilton C. Lead exposure and radiator
repair work.Am JPublic Health. 1989;79:
1558-1560.

12. Papenak PJ, Ward CE, Gilbert KM, Fran-
gos SA. Occupational lead exposure in
Los Angeles County: an occupational risk
surveillance strategy. Am J Ind Med.

1992;21:199-208.
13. Docwnenlationofthe Th,rsholdLimit Val-

ues and Biological Eosun Indices. 5th
ed. Cincinnati, Ohio: American Confer-
ence of Governmental Industrial Hygien-
ists Inc; 1986.

14. Silbergeld EK, Landrigan PJ, Froines JR,

Pfeffer RM. The occupational lead stan-
dard: a goal unachieved, a process in need
of repair. New Soluions. 1991 (Spring):
20-30.

15. Tuskes PM, Key MM. Potential hazards in
small business-a gap in OSHA protec-
tion. Appl InlHyg. 1988;3:55-57.

Undocumented Aliens and
Uncompensated Care: Whose
Responsibility?
Kris Siddhanthan, PhD, and Sudha Alalasundaram, MBA

,s,:;:j>.,:fs:.>s.,r>..s..:..:fffo::zvi::e.::e:fSf:.SsIS ...........Si:S

The 1987 NationalMedical Expendi-
tures Survey' revealed that between 35
million and 40 million Americans were un-
insured on any given day, but little de-
tailed research has been conducted on
insurance coverage and health care utili-
zation patterns of the millions of undocu-
mented aliens who reside in this country.
A significant proportion of this population
is indigent and depends on publicly funded
community health centers and county
public hospital systems to meet its health
care needs.2

Important differences exist between
native populations and the approximately
3 million undocumented aliens in the
United States,3 many ofwhom lack health
coverage.4 First, undocumented aliens
cannot participate in government pro-
grams such as Medicare or Medicaid (ex-
cept in the case of emergencies). Second,
undocumented resident aliens are concen-
trated in the Sunbelt states5 and certain
large metropolitan areas in the North,
such as New York City. This concentra-
tion results in a few Sunbelt states' and
local governments' having to absorb a dis-
proportionate cost.

Undocumentd Aliens and
Uncompensated Care in Dade
County

Dade County, Florida, has witnessed
a large influx of refugees, mostly from
Central and South America and the Car-
ibbean, and an estimated 18% ofthe coun-
ty's population consists of people bom
outside the United States.6 Undocu-
mented aliens in Dade County are those
persons who are in the United States ille-
gally or those who are legally resident but

undocumented. The latter group consists
mostly of political refugees (mainly from
the island of Cuba6) who are allowed to
stay in the countiywhile pursuing political
asylum. They are undocumented because
they do not possess a visitor's visa or a
green card that establishes temporary or
permanent residency in the United States.
The majority of Cuban entrants to the
United States arrive by commercial ffights
on tourist visas. It is estimated that 30% to
40% of these "tourists" opt to remain in
Dade County after their visas expire and
they become eligible to apply for political
asylum. A substantial number of illegal
aliens from other Carribbean and Latin
American countries also live in Dade
County.

Jackson Memorial Hospital in Mi-
ami, with more than 1400 licensed beds
and numerous outpatient clinics, com-
prises the largest medical complex in the
southeastern United States. The Public
Health Trust of Dade County contracts
with the county for the provision by the
hospital of health care services to indigent
patients. A significant proportion of non-
paying patients admitted to the hospital as
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