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AGENDA



• To pinpoint the BLLs at which known 
health effects of Pb appear after 
chronic occupational exposure

• Existing studies of occupational exposure is 
from short-term (cross-sectional) studies in 
which the influence of previous lead 
exposure (high bone lead) on the health 
effect of interest is difficult to ascertain

• Existing studies also suffer from insufficient 
control for confounders or lifestyle factors 
and the use of insufficiently precise and/or 
sensitive measures of physiological function 

• Launched in pilot form in 2014 as 
independent research project 
undertaken by the University of Leuven 
(Belgium)

• Completed in 2022

STUDY PURPOSE



• To address – in a prospective, follow-up 
study of Pb workers – the extent to which 
changes in Pb exposure may have a 
measurable effect on blood pressure and 
other cardiovascular endpoints, autonomic 
nervous system function (heart rate 
variability), neuro-cognitive function, and 
renal function

• To evaluate effects of increases in blood lead 
from background to concentrations of 
regulatory importance (15 to 20 µg/dL) on all 
major Pb-induced health endpoints of 
medical significance at baseline and at 1-, 2-
, and up to 6-year intervals

• To inform regulatory decisions regarding 
blood lead limits

STUDY OBJECTIVES



• Cardiovascular
• Office blood pressure

• 24-hr ambulatory blood pressure

• Neurological
• Neurocognition – Digit Symbol Test (DST) and 

Stroop Test (ST)

• Nerve conduction velocity

• Heart rate variability (autonomic nervous system)

• Renal (kidney) – (estimated) glomerular filtration 
rate (eGFR)
• eGFRcrt = eGFR from serum creatinine

• eGFRcys = eGFR from serum cystatin C

• eGFRcc = eGFR from serum creatinine + cystatin C

HEALTH ENDPOINTS



STUDY RESULTS
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STUDY RESULTS

Endpoint Baseline1 Year 12 Year 23 Up to Year 64

Cardiovascular

Office BP No effect No effect No effect No effect

Ambulatory BP No effect No effect No effect ND

Neurological

Digit Symbol Test No effect No effect No effect No effect

Stroop Test No effect No effect No effect No effect

Nerve conduction velocity No effect No effect No effect ND

Heart rate variability No effect No effect No effect No effect

Renal

eGFR from serum creatinine No effect No effect No effect No effect

eGFR from serum cystatin C No effect No effect No effect No effect

eGFR from serum creatinine + cystatin C No effect No effect No effect No effect

1Condition upon enrollment in study; i.e., background BLL; 2After one year of occupational Pb exposure compared to baseline; 3After two years of occupation 
Pb exposure compared to baseline; 4After up to six  years of occupational exposure compared to baseline.
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• SPHERL was specifically 
designed in anticipation of 
informing major regulatory 
decisions regarding 
appropriate, science-based 
blood lead limits for the 
contemporary workplace 
• EU/RAC

• Cal/OSHA

• MNOSHA

• ACGIH

• U.S. FEDERAL OSHA

SPHERL AND REGULATORY DEFENSE



SPHERL COHORT AND FOLLOW-ON STUDY 

Study Study Population

PbA sample type 
and 

measurement 
period

PbA (µg/m3) Respiratory Protection PbB (µg/dL)
Repeated PbA 

and/or Pb 
measurements

Results

Williams et al. 
(1969)

39 battery workers, UK 
(dates NR)

Personal 8-hour
AM: 9-218
Range: 1-300

None
AM: 27.2-74.2 
Range: 22-90

Yes, both β = 0.201 per μg/m3

King et al. (1979)
101 workers (battery, 
pigment, smelter), UK 
(1974-1985)

Personal 8-hour
Mean NR
Range: 25-1200

Unknown
Mean NR
Range: 22-91

Yes, both β = 0.014 to 0.068 per μg/m3

Gartside et al. 
(1982)

94 battery workers, US 
(1974-1976)

Area and personal 
8-hour

AM: 115
Range: 5-350

Unknown
AM:43
Range: 22-73

Yes, both β = 0.0536 per μg/m3

Bishop and Hill 
(1983)

233 battery workers, US 
(1975-1981)

Personal 8-hour
Mean NR
Range: 10-170 (Plant C only; 
others NR)

None before 1979; some after 
1979

Mean NR
Range: 22-62 (Plant 
C only; others NR)

Yes, both
β = 0.02 to 0.06 per μg/m3 (cross-sectional)
β = 0.02 to 0.08 per μg/m3 (longitudinal)

Hodgkins et al. 
(1992)

44 battery workers, US 
(1983-1985)

Personal 8-hour
6-month average: AM: 5-33
2.5-year average: AM: 11-19
Range NR

None
6-month: AM: 21-40
Range NR

Yes, both

β = −0.01 to 2.35 per μg/m3 (cross-sectional; 
univariate)
β = −0.37 to 1.80 per μg/m3 (cross-sectional; 
multivariate)
β = 1.50 per μg/m3 (longitudinal; univariate)
β = 1.14 per μg/m3 (longitudinal; multivariate)

Kentner and 
Fischer (1993)

134 battery workers, 
Germany (1982-1991)

Area 40 minute
AM: 94
Range: 15-289

Unknown
AM: 9.44
Range: 1-98

Yes, both PbA in mg/m3: β = 21.242

Lai et al. (1997)
219 battery workers, 
Taiwan (dates NR)

Personal (time 
period NR)

AM: 190; GM: 82
Range NR

None (some workers self-
reported wearing cloth masks)

AM: 56.9
Range NR

No
PbA in mg/m3: β = 0.2356 (simple regression); β =
0.1294 (multiple regression)

Park and Paik 
(2002)

117 workers (smelter, 
radiator, battery, powder), 
Korea (dates NR)

Personal 8-hour
AM: 641; GM: 118
Range: <10-8000

Unknown
AM: 38.6
Range: 7.3-113.5

No β = 15.3

Pierre et al. 
(2002)

131 crystal manufacturing 
workers, France (dates NR)

Personal 8-hour
AM: 228; GM: 111
Range: 1-2131

Unknown
AM: 21.9; GM: 27.2
Range: 10.9-61.3

No PbB in μg/L: β = 0.181

Rodrigues et al. 
(2010)

84 bridge painters, USA 
(1994-1995)

Personal varied by 
task

2-week average of daily TWA: 
GM: 58.8
Range: 1.2-396

Yes, some workers

First day GM: 16.1; 
Range: 3-49.5
Last day GM: 18.2: 
Range: 3-42

Yes, both
PbA: β = 0.10 (univariate); β = 0.11 and β = 0.05
(multivariate)

Wu et al. (2016)
1,745 smelter workers, 
China 1988-2008)

Area 8-hour
1-year average: Dust AM: 20-
730; Fumes AM: 60-130
Range NR

Unknown Not reported Yes, both
N/A; however, authors reported significant 
correlation between cumulative exposures and 
PbB

Ono and 
Horiguchi (2021)

32 battery workers, Japan 
(2017-2020)

Personal 8-hour
AM: 6.88
Range: 1.61-17.74

None
AM: 10.2
Range: 3.1-18

No (except for 2 
workers)

Simple regression: β = 0.156 per μg/m3

Multiple regression: β=0.410 per μg/m3



• Air Pb:blood Pb study
• Phase I

• Use of SPHERL study participants to fill data gaps in the 
existing evidence from the literature regarding the nature 
and magnitude of the air Pb:blood Pb relationship

• Established evidence for lack of a relationship and 
demonstrated that PBPK modeling to set air Pb limits is not 
scientifically supportable

• Phase II
• Additional analyses with an expanded cohort from same 

study site for the purpose of producing a more 
scientifically robust study for publication/better inform 
regulatory decisions

• A 1 μg/m3 increment in PbA was associated with a 0.042 
μg/dL higher PbB – a “slope” far lower than the slope 
derived from existing studies of the relationship

• Conclusion: reducing air lead levels alone is not a 
scientifically-supported exposure mitigation strategy to 
reduce PbB; regulators should focus on other means of 
exposure reduction when considering new lead 
standards 

SPHERL COHORT AND FOLLOW-ON STUDY  

PbA and PbB Data Points with Regression Line



• Non-respiratory exposures to Pb in the 
workplace
• To address anticipated lowering of US federal 

OSHA air Pb limits by showing that exposure to 
sources of Pb in the workplace other than air –
e.g., via dermal contact, hand-to-mouth activity –
are more important and easier to control compared 
to reducing Pb exposure through, e.g., increased 
ventilation 

• Working with U.S. NIOSH and/or academic partner 
in U.S. PNW to develop protocol that quantifies 
dermal contact and incidental exposures to Pb via 
hand-to-mouth activity

• Aim is to use study results to influence OSHA to 
codify in the Pb standard low-cost worker hygiene 
and workplace housekeeping measures instead of 
mandating reduced air lead limits

• Preliminary study protocol calls for use of workers 
from at least 2 sites in U.S. – one possibly being the 
SPHERL study site

SPHERL COHORT AND FOLLOW-ON STUDY  



Thank you – and farewell from me!

USA - NORTH CAROLINA

1000 Park Forty Plaza, Suite 130

Durham NC 27713

USA

+1 919 361 4647

www.ila-lead.org

enq@ila-lead.org

UK - LONDON

120 New Cavendish Street

London, W1W 6XX

United Kingdom

+44 20 7833 8090

www.ila-lead.org

enq@ila-lead.org

EU - BRUSSELS

8th floor, Avenue de Tervueren 168, b 4

Woluwe-Saint-Pierre, Brussels, 1150

Belgium

+32 470 315 215

www.ila-lead.org

enq@ila-lead.org
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