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LEAD USE IN CALIFORNIA INDUSTRY: ITS
PREVALENCE AND HEALTH IMPLICATIONS®

Dan S. Sharp*t
Carin Perkins’
Steven J. Samuels®

Jon Rosenberg®
Linda Rudolph®

*California Occupational Health Program, California Department of Health
Services, 2151 Berkeley Way, Berkeley, CA 94704; *Division of Occupational
and Environmental Medicine, University of California, Davis, CA 95616

An estimated 230 000 workers were reported to work in lead-
using activities as a result of a 1986 statistical survey of employ-
ers in California. However, 68% of these workers worked in
activities of relatively low hazard. This included 114 000 workers
engaged in electronic soldering. Over 1800 workers were re-
ported to work in battery manufacture, a relatively high-hazard
activity, but with consistent monitoring and protection. In con-
trast, over 4300 workers were involved in radiator repair activi-
ties, a high-hazard activity with inconsistent monitoring and
protection. Over 8% of construction workers were reported to
work in lead-using processes. This sector is exempt from federal
Occupational Safety and Health Administration (Fed/OSHA)
and California Occupational Safety and Health (CallOSHA)
lead standards, yet some of the most hazardous activities (weld-
ing, grinding, and cutting, etc.) occurred here. Comparison of
projections from the National Occupational Hazard Survey of
potential lead exposure in California with these survey results
suggests consistent and reliable assessment of the major sources
of potential occupational exposure to lead.

ead is a most useful substance. Its utility has been recog-
L nized since antiquity, as have its hazards."* Determined
assessment and intervention into modern lead hazards can
be traced to the efforts of Legge and Oliver in the United Kingdom
with the passage of the Factories Act of 1895, when lead poisoning
became a notifiable disease.” Studies of the United States ceramics
industry inthe 19105, of the German lead industries in the 1920s,”
and of the United States storage battery industry in the 1930s®”
represent early efforts to assess the extent and type of lead exposure
in targeted working populations.

*This work was funded in part by a cooperative agreement
NIOSH Grant U53/CCu 900775-02. Dr. Sharp received par-
tial support from a NIOSH Research Trainee Fellowship.

tAddress correspondence to Dr. Sharp, Amoco Corporation,
200 East Randolph Drive, Mail Code 3805, Chicago, IL
60601.

Since 1940, attempts to characterize the lead-exposed popula-
tion in the United States have been sporadic. A survey of a number
of industrial hazards including lead was conducted by the United
States Public Health Service in 1940 in 15 states."” This survey
suggested that 5.2% of all workers in the United States were exposed
to “lead and its compounds.” More recent data on the extent of
occupational lead exposure is available from the National Institute
for Occupational Safety and Health (NIOSH) National Occupa-
tional Hazard Survey (NOHS)""'¥ conducted between 1972 and
1974. A new survey, labeled the National Occupational Exposure
Survey, is currently being completed with similar, but expanded,
goals and assessments as the NOHS.

The estimated numbers of California workers reported by their
employers to work in lead-using processes are presented in this
paper. This study, as well as previous surveys, document an impor-
tant and essential public health activity in regard to the hazards of
human lead exposure. Without the ability to identify who is exposed,
where they are exposed, and how they are exposed, appropriate
interventions are neither feasible nor effective.

EXPERIMENTAL MATERIALS AND METHODS

The sample survey was designed specifically to estimate the
number of workers reported to work in lead-using processes and
those with environmental and biological monitoring. Estimates
of monitoring activity have been presented in another publica-
tion."¥ All estimates are derived from a 1986 probability sample
of California industrial, commercial, and governmental facili-
ties. A detailed description of the sampling strategy and the
statistical methods used in this survey are presented in the
accompanying paper in this issue.®®

Employers were identified and sampled from a list maintained
by the California State Employment Development Department.
Information was provided by employers responding to one or two
questionnaires by mail or by telephone interview. The first question-
naire identified current lead users and asked for counts of employees
working in lead-using processes. The second questionnaire, di-
rected only to lead users, requested information on processes with
lead use and on environmental and biological monitoring.
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Assessment of lead use was self-reported by company rep-
resentatives. The numbers reflect employees reported to work in
lead-using processes by their employers. These workers are
labeled “potentially exposed™ because the survey did not directly
assess dose of lead accumulation.

A number of approaches were used in establishing exposure
indicators. One approach examined special interest standard
industrial classification (SIC) codes with known lead use. These
were more heavily sampled and included (SIC codes in paren-
theses) plumbing, heating, and air conditioning (1711); secon-
dary smelting and nonferrous metal (3341); storage battery
manufacture (3691); shipbuilding and repair (3731); automotive
repair (7538); radiator repair (7539); and welding repair (7692).

Two additional approaches examined the specific processes
listed by respondents and reduced these into 12 categories de-
scribing a process (e.g., painting with leaded paints, dispensing
leaded gasoline, etc.) and a more general exposure score for each
process that was based on expert industrial hygiene ranking of
exposure intensity. The ranked processes were divided into low,
moderate, and high levels. The formation of these scores is
described in the appendix. Reported frequency of work in listed
processes was an additional dimension of exposure, reduced to
three ordered levels labeled daily, weekly, and less than weekly.

The number of facilities and workers reported to be involved
in some type of lead-using process in California are reported in
this paper. The estimated numbers of potentially exposed work-
ers are categorized by the general SIC code divisions (manufac-
turing, construction, etc.); various exposure indicators (specific
lead-using SIC codes, the 12 descriptive processes, exposure
score, frequency of exposure); and facility size. The estimated
numbers are based on the weighted sampling scheme described
in the accompanying paper''® and are designed to be free of
systematic bias. Standard errors of these estimated numbers were
also determined and reflect the variability that arose from taking
the sample.

RESULTS

Actotal of 1155 employers were sent the first questionnaire, and
1086 (93.5%) completed it. Of these, 539 reported using lead or
lead-containing materials, and 521 (96.7%) of these completed
the second questionnaire. All estimates presented in the follow-
ing tables are rounded. Thus, they may not sum accurately to
reported totals.

There are an estimated
52 700 facilities in which lead

million (Table II). The number of workers reported to work in
lead-using processes decreases from 82 000 in small-sized facili-
ties to 45 000 in facilities with more than 500 employees and to
32000 in facilities with 100499 employees (Table I).

Estimation of Workers Reported to Work
in Lead-Using Processes

Over 85 000 workers reported to work in lead-using pro-
cesses are employed in the manufacturing SIC code division
(Table II). The next largest segment is in the construction divi-
sion, with 42 000 workers. These 42 000 workers represent over
8% of the work force in construction, the largest proportion noted
among all divisions.

Frequencies in the public administration division are mark-
edly underestimated. This is because the California State
Employment Development Department does not include all
state-owned facilities on the Employer Detail File.">

Indexes of Lead Exposure
Special Interest SIC Codes and Type of Process

Over 22 000 workers are reported to work in lead-using
processes in special interest SIC code 1711, which covers plumb-
ing, heating, and air conditioning (Table III). The numbers of
potentially exposed workers in radiator repair (SIC 7539) and
welding repair (SIC 7692) are much smaller than the numbers
reported in Table IV, indicating sizable radiator repair and weld-
ing activities in SIC codes outside these special interest codes.

Table IV depicts the number of workers reported to work
inlead-using processes for 12 descriptive activities. Soldering
activities (excluding pipe and metal sheets) accounted for
almost half of potentially exposed workers. Each remaining
process generally accounts for less than 10% of potentially
exposed workers.

Exposure Score and Frequency of Exposure

Low exposure scores accounted for almost 68% of workers
reported to work in lead-using processes and daily exposure
frequency for over 50% of workers (Table V). Almost all daily
contacts occurred in activities with low exposure scores and
represent approximately 95 000 of 115 000 (83%) potentially
exposed workers with daily contact.

TABLE 1. Estimated Number of Facilities and Employees Reported
to be Involved in Lead-Using Processes in California by Size of

is used (Table I). With 682 600  Facility?

aga_ s . . . (16'17) .
e Erpiyess Lo ong Sy

. (v} =
_ P

cilities. Over half of the lead use witial_cé{latffjse Size Cgtegory
is in (ggcj:(i;(i)‘)’s of 1to 19 employ- oy size n (SE) n (SE) (%) (SE, %)
ees .

An estimated 230 000 work- Total 52 700 (7800) 229 400 (21 200) 100.0 —
ers work in industries and posi-  1=1 33 400 (7500) 81900 (10 800) 35.7 42
tions in which their employers ~ 20-%9 12 800 (2200) 70 400 (15 500) 30.7 (5.2)
reponed some type of lead-usin g 100-499 4100 (780) 32 300 (6000) 141 (2.6)
process. This represents almost 500 or more 2400 (400) 44 800 (8600) 19.5 (3.5

2% of the total work force of 11.8

AEstimates are rounded and may not sum accurately to the total.
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TABLE Il. Estimated Number of Employees Reported to Work in Lead-Using Processes in

California by SIC Code Division*

Total Workers Workers in Lead- Total Workers
in California Using Activity in Division

SIC Code Division n (%) n (SE) (%) (SE, %)
Total 11 787 300 (100) 229 400 (21 200) 1.95 (0.18)
Agriculture, 423 900 (3.6) —B —

Forestry, &

Fishing
Mining 47 100 (0.4) 990 (590) 21 (1.3)
Construction 518 100 (4.9) 41 700 (5700) 8.0 (1.1
Manufacturing 2 154 900 (18.3) 85 100 (12 200) 4.0 (0.6)
Transport, 753 600 (6.4) 32100 (13 400) 43 (1.8)

Communication,

& Utilities
Wholesale Trade 694 800 (5.9) 7900 (2200) 1.1 {0.3)
Retail Trade 2001 800 (17.0) 27 500 (6200) 1.4 (0.3)
Finance, 730 100 (6.2) 1500 (1500) 0.2 (0.2)

Insurance, &

Real Estate
Services 3 744 600 (31.8) 32 800 (8200) 0.9 0.2)
Public 612 300 (5.2) — —

Administration®
Unclassified 106 000 (0.9) — -

AEstimates are rounded and may not sum accurately to the total.

BEstimated totals of 10 or less and corresponding percentages are indicated with a dash (—).
CFrequencies in this division were underestimated because of a failure to include all state-owned facilities on the California

Employer Detail File, from which the sample was drawn.

daily/low numbers for compa-

TABLE lll. Estimated Number of Employees Reported to Work in
Lead-Using Processes in California by Special Interest SIC Code

Employees in Lead-Using Activity

nies with 20 or more employ-
ees (data not shown), engaging
between 80% and 95% of all

Lead-Using SIC Code n (SE)  potentially exposed workers in
1711:  Plumbing, heating, and 22 700 (2200)  this category. About 77% of
air conditioning potentially exposed workers in
3341: Secondary smelting, 390 (130)  this joint level dispensed leaded
nonferrous metals gasoline in facilities with 1-19
3691: Storage battery manufacture 1850 (310) employees.
3731: Shipbuilding and repair 1090 (440) Almost 10% of potentially
7538: Automotive repair shops 6560 (1590)  exposed workers employed in
7539: Radiator repair shops? 900 (110)  facilities with 100-499 employ-
7692: Welding repair 310 @0) ees worked in the daily/high

AThis is a general automotive repair SIC code. Only facilities with the word radiator in their

business name were included in the sampling frame.

The most common category was daily frequency/low expo-
sure score with almost 42% of potentially exposed workers. The
major activities in this category are electronic soldering and
dispensing leaded gasoline. The most hazardous category, daily/
high, accounted for 6400 workers.

Exposure Score by Frequency by Facility Size

Table VI depicts a further breakdown of the number of
workers reported to work in lead-using processes by frequency
of exposure, exposure score, and facility size. Daily/low was the
most common category of exposure for all facility size levels,
ranging from 28% to 68% of potentially exposed workers. Elec-
tronic soldering was the primary activity contributing to these

level. This contrasts with 1-2%
in the other facility size levels.
This high percentage reflects a
high proportion of battery manufacturers and casting/melting
lead activities in this facility size level.

DISCUSSION

About 2% of the working population in California is estimated
to work in lead-using processes. This represents approximately
230 000 people. In contrast, application of NOHS data to Cali-
fornia employment patterns suggests 164 000 potentially ex-
posed workers. It is unlikely, then, that the survey missed major
lead-using activities or large numbers of potentially exposed
workers.
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TABLE IV. Estimated Number of Employees Reported to Work in Lead-Using Processes in

California by Type of Lead-Using Process”

Employees Exposed Percent of Exposed
Lead-Using Process to Lead (%) (SE, %)
Total 229 400 100.0
Soldering, except pipe & sheets 114 100 49.7 (4.7)
Dispensing leaded gasoline 31000 13.5 (3.0)
Soldering pipes & sheets 22 300 9.7 (1.5)
Cable cutting and splicing 13 800 6.0 (4.8)
Painting with leaded paints 12 700 5.5 (2.9)
Printing with lead-based inks 7500 3.3 (2.6)
Casting or melting lead, or jointing 4500 2.0 (0.5)
Radiator repair 4300 1.9 0.7)
Welding metal alloys or 4100 1.8 (0.4)
lead-painted surfaces
Machining, grinding, or sanding 3200 1.4 (1.0)
alloys, or lead-painted surfaces
Battery manufacture 1900 0.8 (0.1)
Other processes 10 100 44 (1.2)

AEstimates are rounded and may not sum accurately to the total.

TABLE V. Estimated Number of Employees Reported to Work in
Lead-Using Processes in California by Frequency of Exposure and

Exposure Score*

work site and recording of sys-
tematic industrial hygiene and
biological monitoring data,
which was not feasible.

B
Exposure Score Thus, the authors cannot
Exposure Frequency High Moderate Low Unclassified Total directly infer that employees
Daily reported to be working in pro-
N exposed 6400 13 100 95 500 100 115 000 cesses involving lead were actu-
% of exposed 2.8 5.7 41.6 0.04 50.1 . .
(SE, %) (0.65) (1.0) (4.6) (0.05) (4.8) ally accumulating lead; they can
Weekly only infer a potential for such
N exposed 3500 20 900 25 300 —C 49700  accumulation. Therefore, the re-
% of oexposed 1.5 9.1 11.0 — 21.7 sults of this survey reflect the
(SE, %) ©08) @7 34 5-2) number of employees reported
Less than weekly by their employers to work in
N exposed 6500 23 000 34 100 1040 64 700 R .
% of exposed 2.8 10.0 14.9 0.4 28.2 a lead-using process without re-
(SE, %) (1.7) (3.0) 2.7) (0.4) 4.1) gard to their actual accumula-
Total o tion of lead from that process.
N exposed 16 400 57 000 154 900 115 229 400 : i3 . s
% of exposed 7.1 24.8 67.5 0.5 i0000  Indirect indicators reflecting in
(SE, %) (1.4) 4.9) (4.8) (0.4) creased risk of accumulation, or

AEstimates are rounded and may not sum accurately to the total.
BRefer to Appendix for explanation of exposure score.

CEstimated totals of 10 or less and corresponding percentages are indicated with a dash (—).

Methodological Limitations

The numbers determined in this survey were subject to error.
Two kinds of error can occur: random sampling error as reflected
in the standard error of estimate and nonsampling errors that
produce biases. The authors have rigorously attempted to control
the sources of sampling error by following a strict statistical
design. Caveats relating to both types of error are discussed in
the accompanying paper.'”

The assessment of exposure relied upon the self-reported
activities of knowledgeable representatives of the company.
Respondents often called study staff for guidance, and staff
queried questionable or unusual responses. The survey could not
determine the actual lead dose workers accumulated from the
various activities; this would have required observation of the

a range of risk, are reflected in
the special interest SIC codes,
the 12 processes, and the expo-
sure score (appendix).

The exposure score represents an attempt to generalize about
the risk of actual exposure by using the experienced judgment of
industrial hygienists. The high reliability among the hygienists
in scoring the lead-using processes suggests the score to be a
valid, although indirect, indicator of such risk.

Pathophysiological and Public Health Implications

With only 2% of the working population potentially exposed
to lead, it appears that occupational exposure in the general
population of California would be a small contribution to the
total population’s lead accumulation. The level of exposure
would appear to be quite low compared to occupational exposure
levels of the past half-century. Indeed, even in the traditionally

AM. IND. HYG. ASSOC. J. (52) / October 1991
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hazardous industry of battery manufacture, current practices
result in much less frequent lead toxicity than characteristically
seen only a few decades ago.

Although the traditional toxicologic consequences of occu-
pational lead exposure may be a major public health problem of
the past, two concemns remain. These are continued serious
hazards in poorly monitored or regulated sectors and the conse-
quences of chronic low-level lead accumulation, which has
become a focus of current scientific interest.

There is particular concern that radiator repair activities
represent a serious source of high lead exposure and that they are
not adequately monitored by regulatory activities."*'? Similarly,
the data from this survey and from surveillance activities recently
established in California® are consistent in suggesting that a
serious and continuing exposure problem exists in the construc-
tion trades. These industries have been exempt from the lead
monitoring requirements of Fed/OSHA and Cal/OSHA. Indeed,
the permissible exposure limit in construction trades is four times
that of all other industrial segments (200 versus 50 pg/m?). There
are sizable numbers (41700) and proportions (8.0%) of construc-
tion workers potentially exposed to lead in California, they are
inadequately monitored,"? and serious accumulations of lead
and clinical toxicity are being noted among them.®”

An additional concern relates to work activities acting as a
source of lead contamination and accumulation in the worker’s
home and family. Radiator repair, smelter, and battery workers
can bring home enough lead debris on their clothing and person
to place their children and spouses at substantial risk.?"? The
results of this survey estimate that no more than 6600 workers
may act as vehicles of exposure to their homes and families. The

actual potential is probably much less, given the stringent hy-
giene practices of most battery manufacturers.

New concem regarding lead exposure has developed in the
past few years. Subtle, but biologically plausible, effects have
been noted in the function of a number of organ systems at blood
lead concentrations recently considered “acceptable.” ®® These
include hematological,”” cardiovascular,”® and cognitive/
neurological effects from prenatal exposure.®”

The levels of lead accumulation in these studies have been
exceedingly low. In some cases, adverse effects have been asso-
ciated with blood lead concentrations of less than 25 pg/dL.?"?®
These findings place the relationship between lead exposure and
health risk in a different perspective.

More than 114 000 workers (almost 50% of all potentially
exposed workers) are reported to work in electronic soldering
activities. Do these workers accumulate sufficient lead over a
prolonged period of time to place them at risk for developing
these more subtle, but nonetheless significant, health effects?

Courtney and Meekin® demonstrated air lead levels of 2
ug/m? at the soldering tip and 1 pug/m? in the breathing zone.
These are 2% to 4% of the OSHA permissible exposure limit for
lead. However, significant decreases in blood lead concentra-
tions of 4 pg/dL were noted when smoking and food consump-
tion were prohibited in the soldering work area.”® Are such
reductions in accumulation pathophysiologically important?

Although a sizable proportion of companies in California
that engage in electronic soldering activities have done some
type of monitoring,"'¥ few publications have described the re-
sults of such activities. In particular, there appears to be little
investigation into the actual accumulation of lead derived from

TABLE VI. Estimated Number of Employees Reported to Work in Lead-Using Processes in
California by Frequency of Exposure, by Exposure Score, and by Facility Size*

Facility Size and Exposure Score®
Exposure Frequency High Moderate Low Unclassified Total
1-19 Employees c
Daily 840 4100 29 400 — 34 300
Weekly 2900 5500 5800 — 14 100
Less than weekly 4500 15100 13 700 —_ 33 400
Subtotal 8300 24 700 48 900 — 81 900
20-99 Employees
Daily 1390 5800 19 500 - 26 700
Weekly 220 13 600 16 300 — 30 100
Less than weekly 560 4200 8800 — 13 600
Subtotal 2200 23 600 44 600 — 70 400
100-499 Employees
Daily 3200 2000 16 000 — 21200
Weekly 160 1140 1820 — 3100
Less than weekly 730 1320 6000 — 8000
Subtotal 4100 4500 23 800 — 32 300
500+ Employees
Daily 970 1070 30 600 100 32 800
Weekly 230 720 1360 — 2300
Less than weekly 710 2400 5600 1040 9700
Subtotal 1910 4100 37 600 1140 44 800
Total 16 400 57 000 154 900 1150 229 400
AEstimates are rounded and may not sum accurately to the total.
BRefer to Appendix.

CEstimated totals of 10 or less are indicated with a dash (—).
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soldering activities. Such investigations could be quite challeng-
ing because the concern is accumulation attributable solely to
soldering activity and the degree of that accumulation is likely
to be comparable to, if not smaller than, other environmen-
tal sources.

CONCLUSIONS AND RECOMMENDATIONS

Substantial numbers of California workers (230 000) are re-
ported to work in lead-using processes. The level of exposure
would appear to be much less than that of the past. This is not to
say, however, that serious exposures no longer exist. In spite of
marked improvements in exposure control in well-monitored
industries such as battery manufacture, serious lead exposures
still occur. Serious exposure potential appears to exist in such
activities as radiator repair and the construction trades, in which
there appears to be room for improvement in exposure control
and monitoring activities.

The results of this survey, coupled with the results of recently
instituted surveillance of laboratory blood lead concentrations in
the state of California,®” strongly indicate that workers in the
construction trades are significantly exposed to lead, are inade-
quately monitored, and are sustaining serious illnesses from
exposure. Exposure and monitoring standards and regulatory
activities directed toward this sector need to be reevaluated.*?

Efficient and targeted public health intervention into the
control of lead exposure and hazards is possible only by devel-
opment of accurate profiles. Identification of exposure and moni-
toring"® profiles based on such indicators as the exposure score,
frequency of exposure, and facility size appear to contribute to
such efficiency. However, the methods used in this survey cannot
be considered ideal. Atternpting to assess exposure risk was
particularly challenging and only partially successful in that the
authors were unable to bring to bear already established and
specific measuring techniques available to industrial hygienists.
Similarly, concern regarding health effects from exceedingly low
levels of lead exposure places interesting and novel demands
upon public health assessment and intervention.

In spite of these limitations, this survey represents one of the
most thorough and least biased estimations of lead use in a
definable population.
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These 28 categories were reduced or limited to 12 groups to
be used as categories within which to summarize the number of
employees in California who were potentially exposed to various
lead-using processes with common descriptive features. These
12 groupings are indicated as part of Table IV of the text. A more
general reduction of categories was accomplished with the assis-
tance of additional consulting industrial hygienists.

Eight industrial hygienists with at least 6 yr of experience
independently scored the 28 categories (the miscellaneous cate-
gory was not scored) on a scale of 1 to 10 (1 = low, 10 = high)
as to potential for hazard based on the intensity (i.e., concentra-
tion) of exposure. These scores were grouped into three ordered
levels by examining the distribution of average scores of each of
the 28 categories for natural groupings. Cut points at scale scores
of 4 and 7 were made.

Levels were labeled low (score 1 to <4), moderate (4 to <7),
and high (7 to 10). This grouping of scores is denoted as the
exposure score.

A description of these categories, the average of the eight
industrial hygienists’ scores for each process category, and the
grouping of these scores into the three levels of exposure
score are presented in Table I-A. These scores were then
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TABLE I-A. The Exposure Intensity Score of 28 Lead-Using
Processes Based on the Average Scores of Eight Industrial
Hygienists Categorized into Three Exposure Score Levels
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Meekin: Changes in Blood
Lead Levels of Solderers
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of the Control of Lead at
Work Regulations (1980). J.
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APPENDIX

A total of 28 categories of lead-
using processes were identified
by the consulting industrial hy-
gienist from processes reported
by companies on the second ques-
tionnaire. An additional miscel-
laneous category included such
activities as measuring trace
quantities of lead in waste
water, shredding currency, and
installing lead counterweights
in machinery. Over 99.5% of
potentially exposed workers
fell into the 28 identified cate-
gories. All processes reported
by lead-using facilities on the
second questionnaire were
grouped into one of the 28 + 1
categories.

Average Exposure
IH Score Score

Roll-on or brushed lead-based paints 1.50 low
Dispensing leaded gasoline 1.75

Dip tanks/baths 2.25

Printing (leaded inks) 2.50

Developing metal films (organic lead pastes) 2.75

Refining gasoline 2.88

Plastics manufacturing 3.25

Soldering/eiectronics industry 3.63

Pipe machining 413 moderate
Lead type printing 413

Cable cutting or splicing 4.13

Electroplating with lead solutions 4.25

Paint and ink manufacture 4.38

Rubber manufacture (lead pastes) 4.50

Firing ammunition 4.50

Soldering pipes and sheets 5.00

Making lead joints/babbitt 5.25

Maintenance 5.38

Spray painting with lead-based paints 6.13

Glaze manufacture 7.00 high
Grinding/cutting lead alloys 7.75

Scrap metal recovery 7.88

Sanding/abrading lead-painted surfaces 8.00

Casting or smelting lead 8.38

Radiator repair 8.38

Welding/cutting lead-painted surfaces 9.25

Battery manufacture 9.25

Welding/cutting lead alloys 9.38
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associated with each process reported by each employer on
the second questionnaire.

The agreement of scoring among raters was analyzed by
two-way analysis of variance (process by rater), as described by
Winer."’ The average reliability coefficient, or intraclass corre-
lation, of a single rater was 0.63. The mean score for all eight
raters had an estimated reliability coefficient of 0.93. Areliability

coefficient can range between zero (no concordance) and one
(complete concordance). The authors’ findings indicate excellent
agreement between raters.
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