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Lead Poisoning Among Construction Workers
Renovating a Previously Deleaded Bridge

Stephen J. Reynolds, phD, CIH,™* Laurence J. Fuortes, mMD, Ms,* Rick L. Garrels, MD, Ms,2
Paul Whitten, Ms,* and Nancy L. Sprince, MD, MPH*

This study evaluated lead poisoning among construction workers renovating a previously
deleaded bridge. Twelve of 44 tested workers had blood leads exceeding 20 pg/dL. One was
50 pg/dL and two exceeded 40 pg/dL. Following medical intervention, blood leads dropped
significantly, while ZPPs did not. Renovation released lead that had been inaccessible during
deleading. Workers did not use engineering controls or respirators, change clothes, wash
hands, or shower. Intervention included a lead-compliance program with provisions for
exposure evaluation, training, hygiene, and engineering controls. Construction contractors
and workers need to be aware that deleading of bridges and other structures may not remove
lead from inaccessible locations. In particular, owners of these structures should specify
provisions for anticipating and controlling this hazard in contracksn. J. Ind. Med.
31:319-323, 1997. © 1997 Wiley-Liss, Inc.
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INTRODUCTION 1986; Landrigan et al., 1982; Pollock and Ibels, 1986;
Fischbein et al., 1984; National Institute for Occupational
Occupational exposure to lead has been recognized &8adety and Health, 1991; Centers for Disease Control, 1992;
serious problem for certain construction trades. It is estiacitelli et al., 1995]. At selected construction sites where
mated that over 900,000 U.S. construction workers are gt monitoring has been performed, 65% of airborne concen-
risk for lead poisoning [Occupational Safety and Healttrations of lead have exceeded OSHA's pre-1993 Construc-
Administration, 1993]. While the true extent of lead expotion Lead Standard of 200 pg?rfRobinson et al., 1990].
sure among trades involved in different types of constructigiirborne lead concentrations as high as 29,000 fdrave
is unknown, reports to date have indicated that renovationigéen reported inside confined areas during abrasive blasting,
bridges coated with lead-based paint can result in sevejigd lower levels associated with demolition (200-300
lead poisoning for workers, their family members, angg/n?), steel cutting, and rivet busting (1500 pg)nstill
nearby communities [Occupational Safety and Health Admigreatly exceed the current OSHA PEL of 50 pg[@ccupa-
istration, 1993; Robinson et al., 1990; Grandjean and Bagfbnal Safety and Health Administration, 1993; Robinson et
al., 1990; National Institute for Occupational Safety and
Health, 1991].
While lead poisoning during renovation of bridges
The University of lowa, Department of Preventive Medicine and Environmental  coated with lead-based paint has been reported [Robinson et
He?mr:(‘}‘i’;’:eg's%emer’ Devenpart, owa. al., 1990; Landrigan et al., 1982; Pollock and Ibels, 1986;
Contract Grant sponsor: NIOSH; Contract Grant number: K01 OHo0137; ~Piacitelli et al., 1995], this is the first report on the problem
Contract Grant sponsor: NIH; Contract Grant number: P30 ES056505-01. of lead poisoning among workers renovating a bridge that
*Correspondence to: Dr. Stephen Reynolds, 140 IREH, University of lowa, had been previously deleaded. In addition to presenting the
Department pf Preventive Medicing and Environmental Health, lowa City, IA results of biological testing and worksite evaluation, the
52242. E-mail: stephen-reynolds@uiowa.edu . .. . .
unique collaborative implementation of control measures is
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METHODS Disease Control and Prevention (CDC) for blood lead
analysis [New York State Department of Health, 1991].
Project Description
o ) , Worksite Evaluation
The project involved removing and replacing the concrete
deck and portions of the steel infrastructure of a four-lane  on-sjte observations and discussion with supervisors
bridge spanning the Mississippi River. The contractor Wagd employees were used to gather information on the

informed that lead-based paint had been removed from g cific tasks and work practices implemented.
bridge by sand blasting several years before, and that the

bridge had been repainted with a non-lead-based pai - g:
Within the first 30 working days on the site, severa?rtatlStlc{jll Methods
workers complained of symptoms, including headaches, giqiigtical analysis of blood lead and ZPP data was

stomach pain, irritability, and muscle aches. They werg,,y,cted using Sigma Stat 1.0 (Jandell Scientific). Descrip-
seen by an occupational medicine physician, Whg,e giatistics were used to evaluate the distributions of the
diagnosed lead poisoning and initiated a worksitg,is if the data were not normally distributed, they were log
evaluation. transformed prior to conducting further analyses. Paired
. Signed Rank Tests (nonparametric T-Test) were used to test
Intervention for differences in blood lead and ZPP measures over time.
T-Tests were used to test for differences in blood lead and
The sequence of intervention was as follows: stegelbp for cases reporting symptoms compared to non-cases.
cutting and rivet busting were stopped, initial blood Samp"%iuestionnaire data were entered in Epilnfo and analyzed
were collected on workers with symptoms, and medicgking SAS 6.1. Descriptive statistics were used to summa-
follow-up and clinical treatment were initiated (9/8/95)iize the distributions of demographic variables and propor-

assessment of job tasks and potential exposures WgHps of categorical responses were evaluated over all
conducted on the bridge site (9/15/95); an awareness ley@rkers and by construction trade.

training session on lead was conducted and blood samples

were collected from the remaining workers (9/19/95); RESULTS

written Lead Compliance Program was developed and

implemented (completed 10/27/95). Demographics

Study Participants A total of 44 workers out of the 50 eligible participated
in this study. Blood samples were obtained from 44 and 21

All workers at the site (50 total) were eligible tocompleted the questionnaire. Of those who provided blood
participate in this study. Blood samples for lead and ZR&mples, 29 were identified by trade: 14 laborers, seven
were collected from the initial group of 14 workers withcarpenters, three ironworkers, three operator/engineers, one
complaints on September 8, 1995, and tests were repeagddineer in charge, and one safety director. Ten of the
on this group on October 5, 1995. Blood samples wekgibjects originally providing blood samples on September
collected from an additional 26 workers on September 18, did not complete questionnaires, nor did the four
1995, and four more on October 5, 1995. Workers were alggditional workers tested for the first time on October 5.
asked to complete a questionnaire developed for the studyr®fe four from these groups completing questionnaires had
Elevated Blood Leads in lowa Construction Workers whicthe 2nd, 4th, 8th, and 33rd ranking blood lead
was used to ascertain data concerning demographics, wegfcentrations. The blood lead concentrations of those not
habits, work history, home environment, symptoms, anthswering questionnaires ranged from 3.2 to 50.0 pg/dL.
specific details concerning tasks and implementation of Based on the data obtained with the questionnaire, the

control measures on this job site. overall age of participants ranged from 23—-60 years with a
mean of 39.4 and a standard deviation of 10.6. All who
Blood Samples answered the questionnaire were male, with one of

Hispanic origin and the rest Caucasian. One white female
Venous blood samples were collected in separate 3garticipated in the blood sampling. The average level of
vacuum tubes containing either ethylenediamine tetraacetixperience in construction was 18 years with a standard
acid (EDTA) for the lead analysis or heparin for the zindeviation of 11.8 years. Three were college graduates, five
protoporphyrin (ZPP) analysis. Lead analysis was pemad some college, seven were high school graduates, one
formed by Graphite Furnace Atomic Absorption (GFAAhad some high school, and two had only completed grade
following a method recommended by the Centers farchool. Six had worked only for the current contractor



TABLE I. Summary of Blood Lead and ZPP Measurements Before
and After Intervention in a Study of Workers Renovating a Deleaded
Bridge, 1995
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individuals, but they rose for three. ZPP for one subject rose
initially and then dropped. Using a Signed Rank Paired
T-Test, there was no significant difference between the initial

and last ZPP measurements.

Blood lead (pg/dL) ZPP (g/g Hg)

Symptoms Reported

Pre- Post- Pre- Post-
intervention intervention intervention intervention The questionnaire was used to gather information on
symptoms that workers had experienced for more than one
N 14 4 14 4 week during the previous three months. Of the 20 individu-
Geometric mean 212 97 289 200 als responding to this question, six indicated that they had
GSD 18 26 12 L7 experienced a variety of symptoms, with stomach pain,
Range 6.3-50.0 1.0-45.1 19.0-39.0 9.0-92.0

headache, irritability, and muscle aches being most com-
mon. These were also the most common symptoms verbally
reported by the individuals initially complaining, but who
did not complete the questionnaire. Although only 20
individuals completed this section of the questionnaire, there
was a significant difference between the mean blood lead for

during the previous year, while nine had worked for qwie six workers reporting three or more gymptoms (29.7
employers, and two had worked for three differerﬁ‘g/dl') and the mean blood lead for those with no symptoms

employers. Five workers had children under the age of <ig;> H9/dL) at p= 0.0005, T-Test. There was no significant
at home. Seven were current smokers. difference in mean ZPP (symptoms 26.2 ug/g Hg, no
symptoms= 22.0 pg/g Hgb).

N total was 44 individuals.

Pre-intervention blood tests were collected on September 8, 1995. Cutting of steel also
stopped at this point. Post-intervention blood samples were collected on September 19, 1995,
and October 5, 1995.

Blood Lead and ZPP
Work Habits

Table | summarizes the results of blood lead and ZPP
measurements before and after intervention. Geometric Information on personal work habits was obtained from
means are presented since the data were not normai&indiVidualS answering the queStionnaire. Not all individu-
distributed and blood lead results are often log-normalBls answered every question, however. None of the respon-
distributed. The geometric mean of pre-intervention blogédents used disposable clothing, changed work clothes, or
leads (27.2 micrograms per deciliter - pg/dL) and ZPPs (28sgowered at work before going home. Few washed their
micrograms per gram of hemog]obin - I_lg/g Hgb) Co”ecteaands before: eating (Seven of 19 never dld), drinking (10 of
on September 8, 1995, were much higher than the geomedicnever did); or smoking (three of five smokers responding)
means for the post-intervention data collected on Septemiétile at work. Seven smoked at work, and four bit their
19 and October 5 (BLI= 9.7 pg/dL, ZPP= 20 pg/g Hgb). hails.
One individual had a blood lead at the current OSHA
allowable level of 50 pg/dL. Two other individuals hadTask Descriptions
blood leads exceeding 40 pg/dL. A total of 12 individuals
had blood leads exceeding 20 pg/dL, the level recently Observations and discussions with supervisors and
recommended by the American Conference of Governmenorkers identified several tasks with high potential for
tal Industrial Hygienists to prevent adverse reproductiv@xposure to lead: concrete demolition; steel cutting; rivet
effects. By trade group, the geometric mean blood leddisting; deck forming; structural repair; and cleanup of
concentrations (the initial test for each subject regardlessdsgbris. Prior to the site visit on September 15, workers
sample date) were 26.3 pg/dL for laborers=£n14), 11.2 reportedly did not use respirators.
pa/dL for ironworkers, (n= 3), 7.9 pg/dL for carpenters
(n = 8), 4.4 pg/dL for operator/engineers£n3), 3.1 ug/dL  Concrete demolition
for the supervising engineer and safety director, and 6.9 pg/dL
(n = 2) for those who did not indicate a trade£n14). An operator/engineer using a hoe ram (300 Ib. air

Eleven individuals had repeated measures of blood lehgdraulic air hammer) broke up the concrete roadway, or
and ZPP (9/8/95 and 10/5/95). Within 28 days, blood leadeck, exposing underlying steel beams. These steel beams
had dropped for all individuals except for one subject whoseere coated with lead-based paint (37% lead determined by
blood lead concentration rose from 11.4 to 21.1 pg/dL. Tle®ntractor after initial blood testing was conducted) in a
decrease in blood lead concentrations was statisticatlgteriorated, powdery condition. After breaking up concrete,
significant (p= 0.03). ZPP levels also dropped for eightvorkers attached steel cables to the exposed rebar and pulled
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it up off the steel beams. Concrete and other debris wagenerated, and workers were not observed wearing respira-
observed to fall below the bridge and visible clouds of dusbry protection. While much of the debris was concrete, the
were raised. A worker wearing a half/mask air-purifyingproportion of lead in this waste had not been determined.
respirator with HEPA cartridges then used compressed air to

blow remaining debris and dust off the steel support bean51SCUSSION

Extensive clouds of dust were raised using this process,

which enveloped nearby workers and the cooler with g history of lead abatement on this bridge resulted in
drinking water placed at the site. a false sense of security on the part of the bridge owner, the
Steel Cutting construction contractor, and workers. Under the assumption
that all lead-based paint had been removed, no precautions
After pulling up the rebar it was cut into manageabl#ere taken to protect either workers or the local environ-
pieces using acetylene torches. Workers doing the cuttiftgnt from lead. It is noteworthy that although the bridge
were not observed wearing respiratory protection. IronworRwner has control of the contract specifications, the construc-
ers and laborers also cut steel beams and medians ugdiag contractor is held responsible for compliance with
torches, coming into contact with lead-containing dust 4SHA requirements.
they crawled out on the exposed steel beams. Cutting of The initial group of workers reporting symptoms had
medians was not observed, but this was reportedly theen cutting the steel median with torches. No respiratory
activity performed over a half-mile span (about half th@rotection was used and it was likely that the median acted
bridge) just before several workers complained of healéts @ semi-confined area that would have prevented wind
problems. The median itself acted as a semi-enclosed spfeg dispersing lead-containing fumes. Lead levels as high
constraining air flow, and axial fans set up to provid@s 1,564 pg/fhhave been reported for similar operations on
ventilation were likely to move fumes from one worker t@ther structures, far in excess of the OSHA standard of 50
another. Reportedly, workers did not use respirators whe@/n? (Occupational Safety and Health Administration,
cutting. Cutting was reportedly conducted for up to fivd993; Robinson et al., 1990). Observation of visible dust

weeks. emissions, lack of engineering controls or hygienic facilities,
) ) and personal habits such as smoking, eating, and drinking in
Rivet Busting the work area indicated that potential exposure to lead via

inhalation or ingestion was also likely during other tasks,
Ironworkers and laborers also used torches to ‘bust' gich as concrete demolition, rivet busting, deck forming,
remove rivets. Restriction of airflow was again a potentigkructural repair, and cleanup. Differences in blood lead
problem leading to buildup of lead-containing fumes. Evegoncentrations were found by trade with laborers, who did
on rivets where lead has been removed from the surfaggest of the median cutting, blow-off of lead-containing dust
lead-based paint was observed to be present under the rivgtsim exposed beams, and cleanup having the highest levels.
The geometric mean blood lead levels for ironworkers
(cutting and structural steel work) and carpenters (deck
forming) were next highest, while the levels for other trades

Carpenters_ and laborers formed decks out of D'W’O d not differ greatly from the U.S. norms [National Center
frames into which new concrete is poured. To do this, tf}(?r Health Statistics, 1984]

workers slid out onto steel beams coated with the lea

o . . In addition to the cessation of torch-cutting the median,
containing dust. The orangish-colored lead-paint dust Wdrkers with elevated blood leads were removed from the
visible on the clothing and hands of most workers perfor

. . rTj]éb site and one was chelated. The significant drop in blood
ing this task. lead concentrations over 28 days indicates that the interven-
tion was successful. The fact that ZPP levels did not
decrease in the same time period suggests a short-term

Ironworkers were engaged in cutting and welding of*Posure probably limited to this job site. The difference in

exposed steel structural elements that were found to bej¢an blood lead concentration for those reporting symp-
need of repair. Some of these elements had lead-based pi&HtS (29.7 ng/dL) and those without symptoms (9.5 ug/dL),
coatings which had not been removed in the previoﬂ!@'le there was no difference in ZPP, may also support the

deleading process because they were not accessible. ~ @cute nature of this exposure.
Observations of work practices and reported non-

Cleanup compliance with the OSHA Construction Lead Standard
suggested that not only workers but their families and the

Laborers used brooms and shovels to clean up debc@mmunity near the bridge site were at risk for exposure to
that had fallen below the bridge. Clouds of visible dust wetead-containing dust. Visible emissions of dust were ob-

Deck Forming

Structural Repair
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served, especially during use of compressed air to bldewa Hygienic Laboratory, and specifically Lee Friell and
concrete debris and lead-paint dust from steel beams @eresa Bowman, for assistance and guidance in appropriate
posed when the concrete deck was removed. Leasbllection and analysis of blood lead samples using nation-
containing dust was also observed on workers’ clothing aadly recognized protocols, and The University of lowa
hands. None of the workers changed clothes or showel@dpartment of Pathology for analysis of ZPP.
before returning home after the workday. Intervention for
work practices involved development of a written Lead
Compliance Program which included provisions for: expcBEFEREI\lCES
sure assessment; hazard determination and engineering an? or D Control (1992): Surveil ¢ elevated biood lead
. . : . . . enters 1or bisease contro . Survelllance of elevate 00d leal
work' practice cqntrols, respiratory protection; PVOte?'F'Yévds among adults—United States, 1992. MMWR 41:285-287.
clothing and equipment; housekeeping; hygiene facilities _ _
and practices; medical surveillance; employee notificatigffcPein A, Leeds M, Solomon S (1984): Lead exposure among iron
L L .workers in New York City: A continuing occupational hazard in the 1980’s.
and_ tralr_nng, documentation; and enforcement. Specifi§ state J Med 84:445-448.
engineering controls, such as use of vacuum systemsGto g P, Bach E (1986): Indirect The sianifi .
P ndjean P, bac . Inairect exposures: € significance o
remove Iead—contaln.mg dust .from_?Xposed beams, ratl%égtanders at work and at home. Am Ind Hyg Assoc J 47:819-824.
than compressed air, were identified, and training was
drigan PJ, Baker EL, Himmelstein JS, Stein GF, Wedding JP, Straub

prowded for workers and_ m.anagers on the hazards of | (1982): Exposure to lead from the Mystic River Bridge: The dilemma
and how to work safely with it. of de-leading. N Eng J Med 306:673-676.

National Center for Health Statistics (1984): Blood lead levels for persons
CONCLUSION ages 6 months—74 Years: United States, 1976-80. US DHHS, Public Health
Service, National Center for Health Statistics, DHHS Pub. No. (PHS)

It is clear that deleading of bridges and other structur84-1683.

may |eave_beh|nd residues of Iea(?i'base.d paint in INACCRBtional Institute for Occupational Safety and Health (1991): Preventing

sible locations. Workers proceeding with renovation dead poisoning in construction workers. US Dept HHS/CDC/NIOSH,

demolition may then disturb these residues, resulting fi9ust1991, Pub. No.91-116.

exposures not only to themselves but to their families am@w York State Department of Health (1991): ‘The Lead in Whole Blood

the surrounding communities. Construction contractors aRtpcedure Usded b(y the Univeh;»ity Ofdlowathglien(iiC Lagoratory—DeS
. . ines procedure (1993 version) Based on the Blood Lead Determination

workers need to be aware that this is a potential problem, Dy Electrothermal Atomization Atomic Absorption Spectrometry.*

should be prepared to evaluate and control any potential

Iead-containing emissions. In particular the owners of the? cupational Safety and Health Administration (1993): Federal Register.

. L .. . erim Final Construction Standard, May 4, 1993, pp 26590-26649.
structures should specify provisions for anticipating an
controlling this hazard in their contracts. Piacitelli GM, Whelan EA, Ewers LM, Sieber WK (1995): Lead contamina-
tion in automobiles of lead-exposed bridgeworkers. Appl Occup Environ
Hyg 10:849-855.
ACKNOWLEDGMENTS

Pollock CA, Ibels LS (1986): Lead intoxication in paint removal workers on
. . he Sydney Harbour Bridge. Med J Aust 145:635-639.
Support for this work was provided through: NIOSI-} yeney 9
Grant No. KO1 OH00137. and The University of |0Wiobinson C, Stern F, Venable H, Frazier T, Burnett C, Lalich N, Sestito J

. . 1990): The assessment of hazard in the construction industry—A DSHEFS
Environmental Health Sciences Research Center, NIH Gr ject (Draft). NIOSH, Division of Surveillance, Hazard Evaluations and

No. P30 ES056505-01. The authors thank The University Bkld Studies, May 4, 1990, Cincinnati OH.



