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Executive Summary 
This is the sixteenth report on surveillance of blood lead levels (BLLs) in Michigan and covers indi-
viduals 16 years and older whose blood lead was tested in Michigan in 2014.  In 2014, the major ex-
posure to lead in adults occurred at work (83.6% of those with a blood lead level ≥10 micrograms 
per deciliter (ug/dL) where exposure was known); among the 16.4% with non-occupational expo-
sure, the predominate source was hobbies related to firearms (i.e. indoor ranges, reloading and 
casting lead bullets). 

In April of 2014, the City of Flint (Genesee County) switched its source of drinking water, resulting in 
release of lead from water service lines into the drinking water. Results of a study published in 2015 
documented an increase in the percent of children drinking Flint City water who had blood lead test 
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Executive Summary, continued 
results greater than five ug/dL of blood (1). Because of this finding, we examined adult blood lead 
data before and after the water switch. Despite work being the predominate source of exposure in 
adults, the lead contamination of Flint’s drinking water may have similarly increased blood lead lev-
els in adults as it did in children (See page 26).        

Although the increased exposure to lead in Flint drinking water began in April 2014, concern about 
lead exposure did not become widespread until the fall of 2015. The data for 2014 shows a de-
crease in the overall number of adults tested for lead and the number of elevated blood lead levels 
in Michigan and Genesee County, and a decrease in the number of elevated blood lead levels from 
previous years for the whole state and Genesee County. Part of the reduction in 2014 in the number 
of elevated blood lead levels in adults in Genesee County was the reduction from three to one in the 
number of companies in Genesee County where workers were exposed to lead. Beginning in late 
2015 and continuing in 2016, the number of adults being tested in Michigan for lead has markedly 
increased, particularly in Flint residents.  

 In 2014, Michigan received 14,622 blood lead tests for 12,530 individuals who were ≥16 years of 
age. Five hundred and seven (4.0%) individuals had BLLs ≥ 10 μg/dL; 70 of those 507 had lead 
levels ≥ 25 μg/dL and 5 of the 70 had BLLs ≥ 50 μg/dL. 

 There were 551 more blood lead tests but 182 fewer individuals reported in 2014 compared to 
2013.  

 The number and the percent of individuals with BLLs ≥10 μg/dL decreased from 596 (4.7%) in 
2013 to 507 (4.0%) in 2014. 

 The number and percent of individuals with BLLs ≥25 μg/dL decreased from 108 (0.8%) in 2013 
to 70 (0.6%) in 2014. The number of individuals with BLLs ≥ 50 μg/dL went from eleven (0.09%) 
in 2013 to five (0.04%) in 2014. 

 For twelve consecutive years, from 1999 to 2010, there was a downward trend for BLLs  
≥10 μg/dL and BLLs ≥25 μg/dL from the previous year. However, in 2011 and 2012 the number 
of BLLs ≥25 μg/dL increased from 102 in 2010 to 116 in 2011 and to 131 in 2012 but in 2013 
dropped to 108 and in 2014 to 70. These trends occurred among both work and non-work expo-
sures. The overall trend for work and non-work exposures was similar showing a downward trend 
until 2005 with no further decrease in BLLs ≥10 μg/dL from 2006 through 2012. In 2013 and 
2014, there was a decrease in elevated BLLs both from work and not non-work exposures.  

 Among adults with BLLs ≥10 µg/dL, work-related exposure was the predominant source of lead 
exposure (84%); including work in abrasive blasting to remove lead paint on outdoor metal struc-
tures such as bridges, overpasses or water towers; casting of brass or bronze fixtures; fabricat-
ing metal products; or exposure to lead fumes or dust from firing guns or retrieving spent bullets 
at firing ranges. Among the 16% with non-work-related exposure, 70% of lead exposure was 
from firing ranges, reloading and casting of bullets.   

 Outreach and intervention activities included written contact with 57 individuals, follow-up inter-
views with 15 lead-exposed individuals, and distribution of resources on diagnosis and manage-
ment of lead exposure to 10 health care providers who tested patients with elevated blood lead 
levels. When appropriate four educational brochures were distributed: 1) a “How To” Guide for 
Home Maintenance and Renovation; 2) Working Safely with Lead; 3) Controlling Lead Exposure 
in Firing Ranges; and 4) Reducing Lead Exposure When Reloading Firearms or Casting Lead as 
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a Hobby (www.oem.msu.edu under Resources for Adult Blood Lead (ABLES)).  Private gun 
clubs and ranges that are run by members and volunteers are not under the jurisdiction of State 
regulations as State regulations only cover businesses that have an employer/employee relation-
ship. Outreach efforts to educate the group of lead-exposed hobbyists who use private clubs re-
mained a challenge. 

 Children of adults with elevated blood lead who are under the age of six are a high risk group 
with 34% having an elevated blood lead level of at least 10 µg/dL from exposure to lead brought 
home most likely on the work clothes or shoes of the adult exposed at work.  

 Two Michigan Occupational Safety and Health Administration (MIOSHA) inspections for elevated 
blood lead laboratory reports in 2014 had lead-related citations. 

This is the sixteenth report on surveillance of BLLs in Michigan. It provides detailed data on resi-
dents 16 years and older whose blood lead was tested in Michigan in 2014, with a focus on individu-
als with work-related exposure.  It also provides annual trend data going back to 1999.  
 
BLLs, including those of children, have been monitored by the State since 1992. From 1992 to 1995, 
laboratories performing analyses of blood lead levels, primarily of children, voluntarily submitted re-
ports to the State. The Michigan state health department (called the Michigan Department of Com-
munity Health until May 2015 when it was renamed the Department of Health and Human Services 
(MDHHS)) promulgated regulations effective October 11, 1997, that require laboratories to submit 
reports of both children and adults to the MDHHS for any blood testing for lead. Coincident with the 
promulgation of this regulation in 1997, Michigan received federal funding from the Centers for Dis-
ease Control and Prevention (CDC), to monitor adult BLLs as part of the ABLES program. Forty one 
states have established lead registries through the ABLES program for surveillance of adult lead ab-
sorption, primarily based on reports of elevated BLLs from clinical laboratories.  The most recent re-
port of U.S. adult blood lead surveillance, published in the Morbidity and Mortality Weekly Report, 
October 24, 2015 / 62(54):52-75, is in Appendix A. 
 
The surveillance for lead exposure in adults has focused on occupational exposure, because 80% or 
more of adults with elevated lead levels have had their exposure at work. MIOSHA has two legal 
Standards related to employer responsibilities for preventing lead exposure in employees – one for 
general industry and one for construction.  Both of these have requirements for employee medical 
monitoring and medical removal. See Appendix B for a summary of the two standards. 
 
The MIOSHA requirements for medical surveillance (i.e. biological monitoring) and medical removal 
are identical to those of Federal OSHA. The requirements for medical removal differ between gen-
eral industry and construction. For general industry, an individual must have two consecutive BLLs 
above 60 μg/dL or an average of three BLLs greater than 50 μg/dL before being removed (i.e. taken 
pursuant to the standard or the average of all blood tests conducted over the previous six months, 

Background 

Executive Summary, continued 
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whichever is longer). For construction, an individual needs to have only two consecutive blood lead 
level measurements taken pursuant to the standard above 50 μg/dL. However, an employee is not 
required to be removed if the last blood-sampling test indicates a blood lead level ≤ 40 μg/dL.  If 
monitoring shows lead levels above 30 µg/m3 of air (MIOSHA's action limit) but below environmental 
50 µg/m3 of air (PEL), an employer also must repeat air monitoring every six months, repeat training 
annually, provide medical surveillance, including blood sampling for lead and zinc protoporphyrin, 
medical exams and consultation, and provide medical removal protection for employees with exces-
sively elevated blood lead levels.  See Appendix B for a more detailed description of the require-
ments.   
 
It should be noted that in the absence of a specific exposure to lead, 95% of BLLs in the adult gen-
eral population in the U.S. are below 3.8 µg/dL for men and below 2.8 µg/dL for women (2). Also of 
note, in 2012 the CDC recommended that BLLs five µg/dL or greater in children should be consid-
ered elevated, but did not review this issue for adults (3). The CDC had previously considered blood 
leads of ten µg/dL or greater as a level of concern.  Both the Association for Occupational and Envi-
ronmental Clinics (AOEC) (http://www.aoec.org/documents/positions/
mmg_revision_with_cste_2013.pdf) and the Council for State and Territorial Epidemiologists (CSTE) 
(http://c.ymcdn.com/sites/www.cste.org/resource/resmgr/OccupationalHealth/
ManagementGuidelinesforAdult.pdf)  have adopted medical guidelines that recommend a medical 
response for levels of five µg/dL or greater in adults, and in 2014 the CSTE recommended that a 
BLL of five µg/dL or greater be considered elevated for adults as well as children (http://
c.ymcdn.com/sites/www.cste.org/resource/resmgr/2015PS/2015PSFinal/15-EH-01.pdf) and that sur-
veillance for adults reflect this definition change.  

A summary of reference blood lead values for adults is in Appendix C.  

Background, continued 

THE MICHIGAN ADULT BLOOD LEAD REGISTRY 
Methods 
 

Reporting Regulations and Mechanism  

 

Since October 11, 1997, laboratories performing blood lead analyses have been required to report 
the results of all blood lead tests to the MDHHS. These rules were amended in 2015 to cover blood 
leads testing in doctors’ offices (R 325.9081- 325.9086). Prior to 1997, few reports of elevated lead 
levels among adults were received.  
 
The laboratories are required to report blood sample analysis results, patient demographics, and 
employer information electronically. The healthcare provider ordering the blood lead analysis is re-
sponsible for completing the patient information, the physician/provider information and the speci-
men collection information. Upon receipt of the blood sample for lead analysis, the clinical laboratory 
is responsible for completion of the laboratory information.  



 Page 5 

 
2014 LEAD ANNUAL REPORT 

 

Employers providing blood lead analysis on their employees, as required by MIOSHA, must use a 
laboratory which meets OSHA proficiency testing for blood lead analysis to be in compliance with the 
lead standard. Figure 1 details the six OSHA-approved laboratories in Michigan. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

All clinical laboratories conducting business in Michigan that analyze blood samples for lead must re-
port all adult and child blood lead results electronically to the MDHHS Childhood Lead Poisoning Pre-
vention Program (CLPPP) within five working days. 

 
Data Management 

 

The MDHHS CLPPP forwards the electronic record of all blood lead results on individuals 16 years or 
older to the ABLES program at Michigan State University, the bona fide agent of the State for adult 
blood lead surveillance, where they are uploaded to an Access database. The database includes 
identifiers, demographics, information about source of exposure to lead, and name/address of em-
ployer for work-related exposures. Only venous blood leads are entered into the database. Urine, hair 
and capillary lead levels are excluded.  

 
When BLL reports are received, they are reviewed for completeness. For blood lead reports ≥ 10  
µg/dL, requests are sent to the provider who ordered the test to provide the missing information. No 
follow-up is performed on blood leads less than 10 µg/dL.  Each record entered into the database is 
visually checked for any data entry errors, duplicate entries, missing data, and illogical data. These 
quality control checks are performed monthly. 
 
Case Follow-Up  
 

An adult who has a BLL 25 μg/dL or greater is contacted for an interview.  Interviews are also con-
ducted of individuals with BLLs ranging from 10 to 24 μg/dL if the source of their lead exposure can-
not be identified from the laboratory report.  A letter is sent to individuals explaining Michigan’s lead 

Figure 1:  Michigan Laboratories Mee ng OSHA Proficiency Tes ng for Blood Lead Analysis 

MICHIGAN BLOOD LEAD LABORATORIES* 

Laboratory Name City 

DMC University Laboratories  Detroit 

McLaren Medical Laboratory  Flint  

Michigan Department of Health and Human Services  Lansing 

Regional Medical Laboratories  Ba le Creek 

Sparrow Health System 
Lansing 

*Laboratories which meet OSHA’s accuracy requirements in blood lead proficiency testing as of March 8, 2016.  For a complete listing of OSHA-

approved blood lead laboratories, visit the OSHA web site at https://www.osha.gov/SLTC/bloodlead/state_list.html  
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surveillance program and inviting them to answer a 15-20 minute telephone questionnaire about their 
exposures to lead and any symptoms they may be experiencing. The questionnaire collects patient 
demographic data, work exposure and history information, symptoms related to lead exposure, infor-
mation on potential lead-using hobbies and non-work related activities, and the presence of young 
children in the household to assess possible take-home lead exposures among these children. 
Trained interviewers administer the questionnaire. 

For those individuals with elevated blood lead levels whose employers are identified, MSU notifies 
the Michigan Occupational Safety and Health Administration (MIOSHA) of the Michigan Department 
of Licensing and Regulatory Affairs (LARA) for a potential work-place follow-up.   
 
Dissemination of Surveillance Data 

 
In addition to Michigan’s annual ABLES surveillance summaries, Michigan’s ABLES data are forward-
ed to the program’s funding agency, the National Institute for Occupational Safety and Health 
(NIOSH) at the CDC, without identifiers once a year. NIOSH compiles surveillance summaries com-
piling data from all states that require reporting of BLLs and publishes them in the Morbidity and Mor-
tality Weekly Report (MMWR) (4). See Appendix A for the most recent publication of ABLES surveil-
lance results for the period 1994-2012.  

This annual report provides a summary of data from reports of all adult BLLs received in 2014 along 
with annual trends in numbers of adults reported with elevated BLLs going back to 1998.  Also includ-
ed is information about the Michigan Occupational Safety and Health Administration (MIOSHA) in-
spections completed in 2014 at the worksites where reported individuals were exposed to lead. 

Information is provided on households where adults with elevated BLLs had children age 6 and 
younger living or spending time in the home.  There is increasing medical evidence of health effects 
at levels as low as 5 µg/dL (5-8), but the program has insufficient resources to determine the source 
of exposure for over 88% of BLLs below 5 μg/dL and 7% ranging from 5-9 μg/dL (Table 1). 

 

Results 
 

This is the seventeenth year with complete laboratory reporting in Michigan since the lead regulations 
became effective on October 11, 1997.  

 
Number of Reports and Individuals 
 
2014: Between January 1, 2014 and December 31, 2014, the State of Michigan received14,622 
blood lead test reports for individuals 16 years of age or older. Because an individual may be tested 
more than once each year, between January 1 and December 31, 2014, the State of Michigan re-
ceived 14,622 BLLs on 12,530 individuals.  

 
1998-2014 trends: Up to 2007, the overall trend for the number of individuals tested each year has 
shown a gradual increase (Figure 2). The initial increase in 1999 and 2000 was most likely secondary 
to better compliance by the laboratories with the 1997 reporting regulation. The increase after 2000 is 
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assumed secondary to increased testing while the drop in numbers of tests noted in 2008 and 2009 
was likely a reflection of the economic downturn. The reason for the more recent decline in the num-
ber of individuals tested is not known.  

Table 1. Distribution of Highest Blood Lead Levels among Adults and Source of Exposure in 
Michigan: 2014  

  
Work BLLs Non-Work BLLs 

Source Not Yet 
Identified 

All BLLs 

BLLs (ug/dL) Number Percent Number Percent Number Percent Number   Percent 

<5 197 27.7a
 10 10.5a

 10,926 93.2a
 11,133  88.9 

5-9 152 21.4a
 14 14.7a

 724 6.2a
 890  7.1 

10-24 316 44.5 55 57.9 66 0.6 437  3.5 

25-29 18 2.5 6 6.3 6 0.1 30  0.2 

30-39 23 3.2 7 7.4 2 0.0 32  0.3 

40-49 3 0.4 0 0.0 0 0.0 3  0.0 

50-59 1 0.1 2 2.1 1 0.0 4  0.0 

> 60 0 0.0 1 1.1 0 0.0 1  0.0 

TOTAL 710 84.9e
 95 15.1e

 11,725   12,530 
b
 100.0 

TOTAL≥10ug/dL 361 81.2c
 71 18.8c

 75 0.3  507    4.0 

TOTAL≥25ug/dL 45 73.9d
 16 26.1d

 9     0.08 70    0.6 
*Work category includes 7 adults with BLLS ≥10 ug/dL

 
whose exposure to lead was from both work and non-work activities.

 
a 

No follow-up is conducted of individuals with blood leads < 10 ug/dL, but often information is known. 
b
 In 2014, 14,622 BLL reports were received for 12,530 individuals. 

d 
percent of known exposures >25 µg/dL 

c 
percent of known exposures >10 µg/dL                                                 

e 
percent of total known exposures 

6,501

9,465
11,008

10,397 10,975

12,113 13,141 13,122
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Figure 2:  Number of Adults Reported with Tests for Blood Lead, 
Michigan 1998-2014
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Results, continued 
 
Distribution of BLLs and Exposure Sources 

Note: For individuals with multiple BL tests, the highest BLL is selected.  
 
In 2014, 507 (4.0%) of the 12,530 adults reported had BLLs ≥ 10 µg/dL; 70 of those 507 had BLLs  
≥ 25 µg/dL and 5 of 70 had BLLs ≥ 50 µg/dL (Table 1).  
 
A total of 11,133 (88.9%) of adults reported in 2014 had BLL less than 5 μg/dL, and 890 (7.1%) were 
from individuals whose blood lead was 5 – 9 µg/dL. Individuals with BLL 5 – 9 µg/dL are not routine-
ly contacted; however when the source of lead exposure was identified on the lab report, 152 of 166 
(91.6%) individuals were identified as occupationally exposed.  One hundred and thirty-three 
(87.5%) of these 152 had been tested in previous years and 100 (75.2%) showed a decrease in their 
BLL. Among the 437 individuals whose blood lead was 10 – 24 µg/dL, 316 (72.3%) individuals had 
their source of lead exposure identified as occupational as compared to the 70 individuals with BLLs 
≥ 25 µg/dL where 45 (64.3%) individuals had their source of lead exposure identified as occupation-
al. 
 
1998-2014 trends: For twelve consecutive years, from 1999 to 2010, there was a downward trend 
for BLLs ≥10 μg/dL and BLLs ≥25 μg/dL from the previous year (Figure 3). However, in 2011 and 
2012, the number of BLLs ≥25 μg/dL increased from 102 in 2010 to 116 in 2011 and to 131 in 2012. 
In 2013, BLLs ≥25 μg/dL levels dropped to 108 and to 70 in 2014. 
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There was a marked decline in the overall number of individuals with elevated blood lead from occu-
pational exposure from 2000 to 2005, with the number remaining fairly stable from 2006 to 2012 but 
then declining in 2013 and 2014 (Figure 4). For non-work exposures, elevated blood lead showed a 
decline from 2003 to 2006, a slight increase in 2007 and 2008 and then a slight change from 2009 to 
2013 and more marked decrease in 2014 (Figure 5).  

( 

Results, continued 
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Figure 4:   Number of Adults with Elevated BLLs due to Work Exposure, Michigan 1998-
2014
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Gender and Age: 2014 

All Blood Lead Levels 

Sixty-one percent of the adults reported to the Registry were male, and thirty-nine percent were fe-
males (Table 2). The mean age was 44.0 and median age 43.3. The age distribution is shown in Ta-
ble 3. 

  
All Blood Lead Level 

Tests 
All Blood Lead  

Levels ≥10 µg/dL 
All Blood Lead  

Levels ≥25 µg/dL 

Gender Number Percent Number Percent Number Percent 
  Male 7,636 61.0 468 92.3 62 88.6 

  Female 4,887 39.0 39 7.7 8 11.4 

Total 12,523* 100.0 507 100.0 70 100.0 
*Gender was unknown for 7 additional individuals.     

Table 2. Distribution of Gender Among Adults Tested for BLLs in Michigan: 2014 

Results, continued 

Table 3. Distribution of Age Among Individuals Tested for Blood Lead in  
Michigan: 2014 

 All Blood Lead Level Tests  
Age Range  Number Percent Number Percent 

16-19 853 6.8 4 0.8 

20-29 2,237 17.9 66 13.0 

30-39 2,300 18.4 97 19.1 

40-49 2,345 18.7 125 24.7 

50-59 2,379 19.0 131 25.8 

60-69 1,429 11.4 69 13.6 

70-79 703 5.6 14 2.8 

80-89 253 2.0 1 0.2 

90-99 23 0.2 0 − 

100+ 6 0.0 0 − 

Total 15,528* 100.0 507 100.0 
*Age was unknown for 2 additional individuals. 

Blood Lead Levels >10 ug/dL  
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 BLLs ≥ 10 μg/dL 

For the 507 adults reported to the Registry with BLLs ≥ 10 μg/dL, 468 (92.3%) were men and 39 
(7.7%) were women.  The mean age was 45.2 and median age was 44.9. 

Race Distribution 
 
All Blood Lead Levels 
Although laboratories are required to report the patients’ race, this information is frequently not provided. 
Race was missing for 8,639 (68.9%) of the 12,530 adults reported in 2014. In the 3,891 reports where 
race was known, 3,348 (86.0%) were reported as Caucasian, 424 (10.9%) were reported as African 
American, 53 (1.4%) were reported as Asian/Pacific Islander, 48 (1.2%) were reported as Native Ameri-
can, and 18 (0.5%) were reported as Multi-racial/Other (Table 4). Information on Hispanic ethnicity was 
missing for an even higher percentage, 12,177 (97.2%) of the 12,530 adults. There were 25 individuals 
of Hispanic ethnicity with a blood lead ≥ 10 µg/dL.   
 
 

Results, continued 

 

All Blood Lead Level 
Tests 

Blood Lead Levels  
> 10 ug/dL 

 

Race Number Percent Number Percent 

Caucasian 3348 86.0 255 89.5 

African American 424 10.9 18 6.3 

Asian/Pacific Islander 53 1.4 1 0.4 

Native American 48 1.2 6 2.1 

Multi-racial/Other 18 0.5 5 1.7 

Total 3,891* 100.0 285** 100.0 
*Age was unknown for 8,639 additional individuals; **Age was unknown for 222 additional individuals. 

Table 4. Distribution of Race Among Adults Tested for Blood Lead in Michigan: 2014 
   

 

BLLs ≥ 10 μg/dL 

 
For adults with BLLs greater than or equal to 10 μg/dL where race was indicated, 255 (89.5%) were 
reported as Caucasian, 18 (6.3%) were reported as African American, 6 (2.7%) were reported as Na-
tive American, 5 (1.7%) were reported as Mutiracial/Other, and 1 (0.4%) was reported as Asian/
Pacific Islander (Table 4).  
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Results, continued 
Geographic Distribution  
  
County of residence was determined for 10,567 of the 12,530 adults reported to the Registry. They 
lived in all of Michigan’s 83 counties. The largest number of adults tested in 2014 lived in Wayne 
County (1,722, 16.3%), followed by Kent County (1,092, 10.3%) and Oakland County (887, 8.4%). 
The county was unknown for 1,961 adults tested for blood lead (Figure 6 and Table 5). 
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Results, continued 

County Number Percent Number

Percent
of all 
BLLs 

in State

Percent
of all 
BLLs 

in County Number

Percent
of all 
BLLs 

in State

Percent
of all 
BLLs 

in County
Alcona 5 0.0 1 0.3 20.0 0 0.0 0.0
Alger 6 0.1 1 0.3 16.7 0 0.0 0.0
Allegan 150 1.4 1 0.3 0.7 0 0.0 0.0
Alpena 17 0.2 1 0.3 5.9 0 0.0 0.0
Antrim 31 0.3 0 0.0 0.0 0 0.0 0.0
Arenac 15 0.1 0 0.0 0.0 0 0.0 0.0
Baraga 1 0.0 0 0.0 0.0 0 0.0 0.0
Barry 38 0.4 1 0.3 2.6 0 0.0 0.0
Bay 144 1.4 3 0.8 2.1 0 0.0 0.0
Benzie 13 0.1 0 0.0 0.0 0 0.0 0.0
Berrien 55 0.5 3 0.8 5.5 1 1.9 1.8
Branch 18 0.2 0 0.0 0.0 0 0.0 0.0
Calhoun 130 1.2 7 1.8 5.4 2 3.8 1.5
Cass 15 0.1 0 0.0 0.0 0 0.0 0.0
Charlevoix 31 0.3 0 0.0 0.0 0 0.0 0.0
Cheboygan 30 0.3 1 0.3 3.3 0 0.0 0.0
Chippewa 87 0.8 3 0.8 3.4 0 0.0 0.0
Clare 81 0.8 6 1.5 7.4 0 0.0 0.0
Clinton 94 0.9 3 0.8 3.2 0 0.0 0.0
Crawford 46 0.4 0 0.0 0.0 0 0.0 0.0
Delta 14 0.1 0 0.0 0.0 0 0.0 0.0
Dickinson 8 0.1 0 0.0 0.0 0 0.0 0.0
Eaton 113 1.1 4 1.0 3.5 2 3.8 1.8
Emmet 31 0.3 1 0.3 3.2 0 0.0 0.0
Genesee 442 4.2 10 2.6 2.3 2 3.8 0.5
Gladwin 54 0.5 2 0.5 3.7 0 0.0 0.0
Gogebic 9 0.1 0 0.0 0.0 0 0.0 0.0
Grand Traverse 66 0.6 1 0.3 1.5 0 0.0 0.0
Gratiot 132 1.2 3 0.8 2.3 0 0.0 0.0
Hillsdale 49 0.5 1 0.3 2.0 0 0.0 0.0
Houghton 7 0.1 0 0.0 0.0 0 0.0 0.0
Huron 16 0.2 2 0.5 12.5 0 0.0 0.0
Ingham 311 2.9 10 2.6 3.2 2 3.8 0.6
Ionia 67 0.6 4 1.0 6.0 0 0.0 0.0
Iosco 14 0.1 0 0.0 0.0 0 0.0 0.0
Iron 4 0.0 0 0.0 0.0 0 0.0 0.0
Isabella 225 2.1 1 0.3 0.4 1 1.9 0.4
Jackson 113 1.1 4 1.0 3.5 0 0.0 0.0
Kalamazoo 256 2.4 7 1.8 2.7 1 1.9 0.4
Kalkaska 73 0.7 2 0.5 2.7 0 0.0 0.0
Kent 1,092 10.3 28 7.2 2.6 3 5.8 0.3
Keweenaw 2 0.0 0 0.0 0.0 0 0.0 0.0
Lake 7 0.1 0 0.0 0.0 0 0.0 0.0
Lapeer 72 0.7 0 0.0 0.0 0 0.0 0.0

TABLE 5. Number and Percent of Adults With All Blood Lead Levels (BLLs), BLLs > 10 ug/dL 
and

> 25 ug/dL by County of Residence and Percent of Adults with BLLs > 10 ug/dL and

> 25 ug/dL Among All Adults Tested for BLL in Each County of Residence in Michigan: 2014

BLLs >10 ug/dL BLLs >25 ug/dLAll BLLs
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County Number Percent Number

Percent
of all 
BLLs 

in State

Percent
of all 
BLLs 

in County Number

Percent
of all 
BLLs 

in State

Percent
of all 
BLLs 

in County
Leelanau 17 0.2 1 0.3 5.9 0 0.0 0.0
Lenawee 86 0.8 2 0.5 2.3 0 0.0 0.0
Livingston 173 1.6 5 1.3 2.9 1 1.9 0.6
Luce 1 0.0 0 0.0 0.0 0 0.0 0.0
Mackinac 23 0.2 2 0.5 8.7 1 1.9 4.3
Macomb 729 6.9 37 9.5 5.1 5 9.6 0.7
Manistee 32 0.3 2 0.5 6.3 0 0.0 0.0
Marquette 21 0.2 3 0.8 14.3 0 0.0 0.0
Mason 20 0.2 0 0.0 0.0 0 0.0 0.0
Mecosta 44 0.4 0 0.0 0.0 0 0.0 0.0
Menominee 7 0.1 1 0.3 14.3 0 0.0 0.0
Midland 133 1.3 3 0.8 2.3 2 3.8 1.5
Missaukee 11 0.1 0 0.0 0.0 0 0.0 0.0
Monroe 264 2.5 8 2.1 3.0 3 0.0 1.1
Montcalm 144 1.4 17 4.4 11.8 0 0.0 0.0
Montmorency 9 0.1 0 0.0 0.0 0 0.0 0.0
Muskegon 524 5.0 7 1.8 1.3 0 0.0 0.0
Newaygo 37 0.4 3 0.8 8.1 0 0.0 0.0
Oakland 887 8.4 35 9.0 3.9 4 7.7 0.5
Oceana 26 0.2 2 0.5 7.7 1 1.9 3.8
Ogemaw 14 0.1 1 0.3 7.1 1 1.9 7.1
Ontonagon 1 0.0 0 0.0 0.0 0 0.0 0.0
Osceola 24 0.2 0 0.0 0.0 0 0.0 0.0
Oscoda 5 0.0 0 0.0 0.0 0 0.0 0.0
Otsego 36 0.3 2 0.5 5.6 0 0.0 0.0
Ottawa 202 1.9 9 2.3 4.5 1 1.9 0.5
Presque Isle 13 0.1 0 0.0 0.0 0 0.0 0.0
Roscommon 43 0.4 3 0.8 7.0 1 1.9 2.3
Saginaw 224 2.1 6 1.5 2.7 0 0.0 0.0
Saint Clair 346 3.3 46 11.8 13.3 5 9.6 1.4
Saint Joseph 24 0.2 0 0.0 0.0 0 0.0 0.0
Sanilac 31 0.3 5 1.3 16.1 0 0.0 0.0
Schoolcraft 3 0.0 1 0.3 33.3 0 0.0 0.0
Shiawassee 94 0.9 3 0.8 3.2 0 0.0 0.0
Tuscola 44 0.4 3 0.8 6.8 0 0.0 0.0
Van Buren 66 0.6 2 0.5 3.0 0 0.0 0.0
Washtenaw 264 2.5 8 2.1 3.0 2 3.8 0.8
Wayne 1,722 16.3 60 15.4 3.5 11 21.2 0.6
Wexford 39 0.4 2 0.5 5.1 0 0.0 0.0
TOTAL 10,567 *       100 390 **   100.0 3.7 52 ***  100.0 0.5

  *County was unknown for 1,961 additional adults and 2 lived out of state.
 **County was unknown for 116 additional adults and 1 lived out of state.
***County was unknown for 17 adults and 1 lived out of state.

TABLE 5. Number and Percent of Adults With All Blood Lead Levels (BLLs), BLLs > 10 ug/dL 
and

> 25 ug/dL by County of Residence and Percent of Adults with BLLs > 10 ug/dL and

> 25 ug/dL Among All Adults Tested for BLL in Each County of Residence in Michigan: 2014

All BLLs BLLs >10 ug/dL BLLs >25 ug/dL

Results, continued 
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Figure 7 and Table 5 show the county of residence of the 390 adults with BLLs ≥ 10 μg/dL where 
county of residence could be determined. The largest number of adults reported with a BLL ≥ 10  
μg/dL were from Wayne County (60, 15.4%), followed by Saint Clair County (46, 11.8%) and  
Macomb County (37, 9.5%). The county was unknown for 116 adults with BLLs ≥ 10 μg/dL. 
 
Figure 8 and Table 5 show the county of residence for the 52 adults with BLLs ≥ 25 μg/dL where 
county of residence could be determined. The largest number of adults reported with a BLL ≥ 25 
 μg/dL were from Wayne County (11, 21.2%), followed by Macomb County and Oakland, both with 5 
cases (9.6%). The county was unknown for 17 adults with BLLs ≥ 25 μg/dL. 
 
Table 5 shows the percentage of tested adults, within each county, with BLLs ≥10 μg/dL and BLLs  
≥ 25 μg/dL. Schoolcraft (33.3%), Alcona (20.0%), Alger (16.7%) and Sanilac (16.1%) counties had 
the highest percentages of adults with BLL ≥10 μg/dL within their respective counties. Ogemaw 
(7.1%), Mackinac (4.3%), Oceana (3.8%), and Roscommon (2.3%) counties had the highest per-
centage of tested adults with BLL ≥ 25 μg/dL.  

 

Results, continued 
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Results, continued 
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Results, continued 
Gender Distribution 
 
Women: Figure 9 and Table 6 show the incidence rates of BLL ≥ 10 μg/dL by county for women.  
There were 35 women reported in 2014 with a BLL ≥ 10 μg/dL, where county was known.  Kalkaska 
(15/100,000), Menominee (10/100,000), Montcalm and Wexford (both with 8/100,000), had the four 
highest incidence rates.  

Fifteen women (62.5%) with elevated blood lead had their exposure from work: four at a metal 
stampings manufacturer, two with a law enforcement agency, one at an electric services company, 
one at a battery manufacturer, one at a special trade contractor engaged in construction work, one 
at a testing laboratory, one at a brass manufacturer, one at an university, one from being self-
employed doing renovation work, and two individuals with unknown work exposure.  

Nine women (37.5%) with elevated blood leads had non-work exposures: three from firearms, one 
from pottery making, three from a gunshot wound, one from leather tooling, one from home remodel-
ing, and one, who is a refugee, had environmental exposure  before coming to the U.S. The source 
of exposure was unknown for fifteen of the 39 women.    
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Results, continued 

Table 6. Number and Rate of BLLs ≥10 μg/dL Among Women in 
Michigan by County of Residence: 2014 

Count 
Number 

Reported 

Michigan 
Population 

Women 
Rate*** 

Calhoun 1 55,480 2 
Genesee 1 172,646 1 
Ingham 3 121,270 2 
Ionia 1 23,394 4 
Isabella 1 30,881 3 
Kalamazoo 1 107,377 1 
Kalkaska 1 6,896 15 
Kent 3 251,296 1 
Livingston 1 74,802 1 
Macomb 1 361,349 0.3 
Menominee 1 9,751 10 
Montcalm 2 24,322 8 
Muskegon 1 68,904 1 
Newaygo 1 19,045 5 
Oakland 2 519,505 0.4 
Ottawa 3 110,592 3 
Saint Clair 3 65,802 5 
Tuscola 1 22,183 5 
Washtenaw 1 150,374 1 
Wayne 5 732,455 1 
Wexford 1 13,082 8 
Total 35* 4,087,387** 1 

*County was unknown for 4 women. 
**Total number of women in all 83 counties of Michigan age 16+ 
years; 7/1/2014 County Characteristics Resident Population Esti-
mates, U.S. Census Bureau 
***Rate per 100,000 women, age 16+ years. 

Men: Figure 10 and Table 7 show the 
incidence rates of BLL of ≥10 μg/dL and 
above by county for men. There were 
354 men reported in 2014 with a BLL  
≥10 μg/dL where county of residence 
could be determined. St. Claire 
(68/100,000), Montcalm (58/100,000) 
and Claire (48/100,000) had the highest 
incidence rates per 100,000 men based 
on the 2014 County Characteristics Res-
ident Population Estimates from the U.S. 
Census Bureau.  The overall incidence 
rate for men was 9 times higher than that 
for women (9/100,000 vs. 1/100,000) in 
2014.  
 
Source of Exposure 

For 361 (83.6%) individuals with BLLs  
≥ 10 μg/dL, work was the identified 
source, and for 71 (16.4%) individuals 
non-occupational activities were identi-
fied as the source of exposure (Table 8). 
Three sources of exposure predominat-
ed for the 71 non-occupationally ex-
posed individuals with BLLs ≥10 µg/dL: 
Fifty (70.4%) individuals were exposed 
from a hobby-related to guns, twelve 
(16.9%) were exposed due to a retained 
bullet fragment, and five (7.0%) were ex-
posed due to home remodeling.  For an 
additional 42 individuals source of expo-
sure is still being investigated.  For 33 
the source was still unknown after an in-
terview with the individual or review of 
medical records. 
Table 9 shows the occupational sources 
of lead for individuals reported in 2014. 
The most frequent reports were on indi-
viduals in the manufacturing (44.1%) and 
construction sector (30.7%).  
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Results, continued 
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Results, continued 

Table 7. Number and Rate of BLLs ≥10 μg/dL among Men by County of Residence, Michigan 2014 

County 
Number 

Reported 

Michigan 
Population 

Men 
Rate*** County 

Number 
Reported 

Michigan 
Population 

Men 
Rate*** 

Alcona 1 4,658 21 Lake 0 4,967 0 
Alger 1 4,562 22 Lapeer 0 36,093 0 
Allegan 1 44,080 2 Leelanau 1 9,142 11 
Alpena 1 11,719 9 Lenawee 2 40,348 5 
Antrim 0 9,583 0 Livingston 4 73,899 5 
Arenac 0 6,526 0 Luce 0 3,279 0 
Baraga 0 4,026 0 Mackinac 2 4,772 42 
Barry 1 23,766 4 Macomb 36 334,134 11 
Bay 3 42,159 7 Manistee 2 10,774 19 
Benzie 0 7,204 0 Marquette 3 28,638 10 
Berrien 3 60,077 5 Mason 0 11,566 0 
Branch 0 17,816 0 Mecosta 0 18,001 0 
Calhoun 6 51,767 12 Menominee 0 9,890 0 
Cass 0 20,920 0 Midland 3 33,017 9 
Charlevoix 0 10,542 0 Missaukee 0 6,052 0 
Cheboygan 1 10,786 9 Monroe 8 59,135 14 
Chippewa 3 17,865 17 Montcalm 15 25,943 58 
Clare 6 12,555 48 Montmorency 0 4,050 0 
Clinton 3 30,321 10 Muskegon 6 67,302 9 
Crawford 0 5,818 0 Newaygo 2 19,169 10 
Delta 0 14,796 0 Oakland 33 479,180 7 
Dickinson 0 10,682 0 Oceana 2 10,368 19 
Eaton 4 42,589 9 Ogemaw 1 8,706 11 
Emmet 1 13,271 8 Ontonagon 0 2,774 0 
Genesee 8 155,257 5 Osceola 0 9,235 0 
Gladwin 2 110,526 2 Oscoda 0 3,510 0 
Gogebic 0 7,439 0 Otsego 2 9,634 21 

Grand Traverse 1 36,329 3 Ottawa 6 105,093 6 
Gratiot 3 18,356 16 Presque Isle 0 5,585 0 
Hillsdale 1 18,307 5 Roscommon 3 10,323 29 
Houghton 0 16,362 0 Saginaw 6 75,128 8 
Huron 2 13,117 15 Saint Clair 43 63,651 68 
Ingham 7 112,210 6 Saint Joseph 0 23,358 0 
Ionia 3 27,802 11 Sanilac 5 16,541 30 
Iosco 0 10,694 0 Schoolcraft 1 3,396 29 
Iron 0 4,818 0 Shiawassee 3 27,278 11 
Isabella 0 28,788 0 Tuscola 2 21,882 9 
Jackson 4 65,643 6 Van Buren 2 29,106 7 
Kalamazoo 6 100,858 6 Washtenaw 7 144,427 5 
Kalkaska 1 7,142 14 Wayne 55 656,718 8 
Kent 25 237,180 11 Wexford 1 12,947 8 
Keweenaw 0 960 0 Total 354* 3,868,887** 9 
*County was unknown for additional 113 male adults; 1 was out of state resident. 
**Total number of men in all 83 counties of Michigan age 16+ years; 7/1/2014 County Characteristics Resident Population Estimates, U.S. Census 
Bureau. 
***Rate per 100,000 men, age 16+ years. 
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Figure 11 shows the geo-
graphic distribution of the 
twenty-one non-construction 
companies that reported at 
least one adult with a BLL of 
25 μg/dL or greater in Michi-
gan during 2014. These 
twenty-one companies includ-
ed police department shoot-
ing ranges, primary metal in-
dustries, fabricated metal 
products, primary battery 
manufacturing  electric ser-
vices, wholesale trade-
durable goods, auto supply 
store, general government, 
water transportation, building 
cleaning and maintenance 
services, automotive dealers, 
testing laboratories, engineer-
ing services, and firing rang-
es. 

Results, continued 

Table 8. Source of Exposure among Adults with BLLs ≥10 μg/dL, Michigan 2014 

Exposure Source Description Number Percent 
Percent  

Non-Work 

 Work-Related 361* 83.6  

 Hobby: Firearms, Reloading, Casting 50 11.6 70.4 

 Gun Shot Wound 12 2.8 16.9 

 Remodeling 5 1.2 7.0 

 Hobby: Unknown 2 0.5 2.8 

 Hobby: Leather Tooling 1 0.2 1.4 

 Environment 1 0.2 1.4 

Total 432** 100.0 100.0 

*Work-Related category includes 7 adults, who were exposed to lead from both Work-Related as well as 
Non-Work related activities. 
**For 17 additional adults source is pending an interview and for 25 we are waiting for receipt of medical 
records; for 33 additional adults, source was inconclusive and no patient interview was possible. 
 

Table 9. Industry Source of Exposure among Adults                  
with BLLs ≥10 μg/dL, Michigan 2014 

Exposure Source—Industry (SIC Code)* Number Percent 

Construction (15-17) 96 30.7 

     Painting (17) 95 30.4 

Manufacturing (20-39) 138 44.1 

     Fabricated and Primary Metals (33-34) 120 38.3 

Transportation and Public Utilities (40-49) 23 7.3 

Wholesale and Retail Trade (50-59) 13 4.2 

Services (60-89) 21 6.7 

Public Administration (91-97) 22 7.0 

     Justice, Public Order, Safety (92) 18 5.8 

Total 313** 100.0 

*Standard Industrial Classification. 
**Another 48 were work-related; however, the industry was unknown. 
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Results, continued 
Eighty-eight (24.7%) of the 361 individuals with a blood lead ≥ 10 μg/dL where exposure occurred at 
work, and 25 (55.6%) of the 45 individuals with a blood lead ≥ 25 µg/dL were from these twenty-one 
companies. 

The recent elevated BLLs have generally been decreasing in Construction sector and “Other” sector, 
which includes public utilities, police and public firing ranges (Figure 12). Some of this reduction is 
due to improvements in workplace controls. However, the Manufacturing sector was a more frequent 
source of lead exposure in 2014 than it was in previous years. 
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Results, continued 

Summary of  Industrial Hygiene Inspections  
Conducted for Blood Lead Levels > 25 µg/dL in 2014 

Two inspections were conducted by the MIOSHA General Industry Division; a gun range, and a recy-
clable material merchant wholesaler. One federal OSHA inspection was conducted at a marine car-
gohandling company. 

The general industry health inspection completed in 2014 at an indoor shooting and training facility 
was initiated because of an employee with elevated blood lead level of 37 µg/dL. The company was 
cited for 5 lead violations. Employees were exposed to lead above the permissible exposure limit (50 
µg/m³) while removing, emptying, and cleaning lead-bullet traps in the gun range. The citations in-
cluded: an employer did not ensure that an employee would not be exposed to lead at a concentra-
tion of more than 50 micrograms per cubic meter (50 µg/m³) of air averaged over an 8-hour period, 
the employer did not implement engineering and work practice controls, including administrative con-
trols, to reduce and maintain employee exposure to at or below 50 µg/m³; the employer did not imple-
ment a respiratory protection program containing adequate detail within the following sections: medi-
cal evaluation, fit testing, training, and recordkeeping; the employer did not provide clean change 
rooms for employees; the employer did not ensure that employees showered at the end of each work 
shift.              

The general industry health inspection completed in 2014 at a recyclable material merchant whole-
saler was initiated because of an employee with elevated blood lead level of 31µg/dL. Although inter-
views indicated that employees understood the hazards of lead from past experience, they were not 
able to say if they received training. Employees stated that they were told to wear personal protective 
equipment because exposure to battery acid can result in burns. The company was cited for   thirteen 
lead and one non-lead violations: an employee was exposed to lead at a concentration of more than  
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Case Narratives for the Five Individuals with a BLL ≥ 50 µg/dL in 2014 
 
Work-Related (1 Individual) 
 
 A male in his 40s, employed at a recyclable material merchant wholesaler, had an elevated BLL of 56  

μg/dL in May 2014. The employee was involved in recycling lead batteries.   

Non Work-Related (4 Individuals) 
 

 A male in his 30s had an elevated BLL of 54 µg/dL in November 2014 because of a gunshot 
wound. His BLL was down  from 69 µg/dL in June 2013. 

 

 A male in his 50s had an elevated BLL of 75 µg/dL in August 2014. His elevated BLL was 
caused by retained bullet fragments.    

40 micrograms per cubic meter (40 µg/m³)  of air, averaged over a 10-hour period (operators were 
exposed to lead above the permissible exposure limit while recycling lead batteries through job tasks 
such as shredding and separating); it was not determined if an employee might have been exposed 
to lead at or above the action level; a respiratory protection program was not implemented for em-
ployees required to wear respiratory protection (generic written program in place; no medical evalua-
tions; no fit tests); the employer did not select the appropriate respirator or combination of respirators 
(employees were required to wear half-mask elastometric respirators; one employee was exposed to 
lead above 500 µg/m³); lack of a medical surveillance program; a written compliance program was 
not established and implemented to reduce exposures to at or below the permissible employee expo-
sure limit solely by means of engineering and work practice controls (generic lead safety program in 
place); surfaces in a workplace were not maintained as free as practicable from accumulations of 
lead (wipe samples of work surfaces within the first floor lunchroom and mezzanine lunchroom indi-
cated the presence of lead above recommended levels); clean change rooms were not provided; 
shower facilities were not provided; lunchroom facilities  were not provided; the following warning 
sign was not posted in each work area where the permissible employee exposure limit was exceed-
ed: WARNING; LEAD WORK AREA; POISON; NO SMOKING OR EATING; a training program for 
lead was not provided (although interviews indicated that employees understood the hazards of lead 
from past experience, they were not able to say if they received training. Employees stated that they 
were told to wear personal protective equipment because exposure to battery acid can result in 
burns); a copy of these rules and their appendices were not made readily available to all affected em-
ployees; a written hazard communication program was not developed, implemented, and/or main-
tained at the workplace.         

A federal OSHA inspection was completed at a marine cargo handling company as a result of an em-
ployee with elevated blood lead level of 27 µg/dL. The company’s employees were engaged in re-
pairing ships, welding steel parts. The company was cited with 2 non-lead citations pertaining to res-
piratory protection.     

All of the three companies inspected were identified by an elevated blood lead report collected be-
cause of a required medical surveillance program.     
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Seventeen Years of Interviews of Adults with BLLs ≥ 10 μg/dL regarding their chil-
dren’s potential exposure to “take home” lead  

Between October 15, 1997, and December 31, 2013, there were 2,016 questionnaires completed 
over the telephone with adults with BLLs ≥ 10 μg/dL. The results of these interviews can be found in 
the 2011 Annual Report on Blood Lead Levels on Adults in Michigan, May 24, 2013 at (http://
www.oem.msu.edu/userfiles/file/Annual%20Reports/Lead/2011LeadAnnualReport.pdf). Table 17, in 
that report, indicates the number of households with children (6 or under) potentially exposed to take 
home lead from adults with BLLs ≥ 10 μg/dL. That table has been updated with the results of one in-
terview completed in 2014 where the person interviewed had a child under six in the household 
(Table 10). 

Five hundred and eighteen (24.7%) of the households where an adult had an elevated lead level had 
children age 6 and younger living or spending time in the home (Table 10). Children from only 150 
(33.6%) of these 518 households were tested for blood lead.  Among the 150 households where the 
child’s blood test results were reported, 48 (34.0%) reported a child with an elevated blood lead level 
(≥ 10 µg/dL). Contact information for individuals reporting young children in their household who had 
not been tested for lead was forwarded to MDHHS so that a letter could be sent encouraging adults 
in those households to have the children tested for lead. 

 A female in her 50s had multiple BLLs, the highest being 51 µg/dL in February 2014. In De-
cember 2013, her highest BLL was 63 µg/dL. Her elevated BLL was caused by retained bullet 
fragments. 

 

 A male in his 50s had an elevated BLL of 59 in October 2014. The source of exposure has not yet been 
determined due to a pending interview. 
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Flint Drinking Water 

In April 2014 the City of Flint switched its water supply from the Detroit Water System to water drawn 
from the Flint River.  The different characteristics of the water and lack of the addition of corrosion 
control chemicals resulted in leaching of lead into the city’s water supply.  In an analysis in the Amer-
ican Journal of Public Health, a comparison was made between the percentage of Flint children less 
than five years of age with elevated blood lead (≥ 5 µg/dL) prior to and after the switch of the water 
source.  Overall in the City of Flint, the percentage of children with elevated blood leads went from 
2.4% prior to 4.9% after the switch (P < 0.05) and 4.0% prior to 10.6% (P < 0.05) after the switch in 
the areas of Flint with the highest percentage of elevated water lead levels (1).  

We performed similar analyses looking at changes in blood lead levels in adults (≥ 16 years of age) 
in Flint zip codes 48501 through 48507, areas which received the City of Flint drinking water (Table 
11). Analyses were limited to data from 2014 and 2015. Three time frames were examined: the first 
three months of 2014 prior to the water switch, the remaining nine months of 2014, and January 
through September 2015 when the water was switched back.  

An individual was counted once in each time period during which s/he had lead test, and the as-
signed blood lead level for that individual was the highest test result, if s/he had more than one test 
in the time period. For calculating average blood leads in the three time frames, all blood leads on 

Table 10. Number of Households with Children (6 or under) potentially exposed to Take Home 
Lead from Adults with BLLs ≥ 10 μg/dL (based on highest reported BLL)  

Interviewed 10/15/1997 to 12/31/2014 

 10-24 µg/dL 25-29 µg/dL 30-39 µg/dL 40-49 µg/dL 50-59 µg/dL > 60  µg/dL Total 

Description of 
Households 

Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent Number Percent 

Households with 
Children Living or 
Spending Time 

300 23.3 74 25.9 96 27.8 31 27.2 11 26.8 6 25.0 518 24.7 

Households with 
Children Tested 
for Lead  

92 36.5 17 26.2 22 25.0 13 50.0 4 36.4 2 40.0 150 33.6 

Households 
Where Children 
had Elevated 
Lead 

27 31.4 3 18.8 9 40.9 7 58.3 1 33.3 1 50.0 48 34.0 

*Among individuals within blood lead category, percentage of their households with children living or spending time in house. n=2,096 

**Among individuals within blood lead category, percentage of “Households with Children Living/Spending Time”, where the children were tested for lead.  Because of missing data, 
the denominator may be less than the number “Households w/ Children Living/Spending Time” in the first row. n=447 

***Among individuals within blood lead category, percentage of “Households w/Children Living/Spending Time “, where “ Children Tested for Lead”, had blood lead levels ≥ 10 µg/dL.  
Because of missing data, the denominator may be less than the “Children Tested for Lead” in the second row. n=141 
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the individual from that time period were 
used. All individuals with a known source 
of lead exposure (e.g. occupational, hob-
by) were excluded in the non-
occupational/non-hobby source analyses. 
Individuals with unknown source were 
included in these latter analyses since, 
for some, Flint drinking water may have 
been the lead source.  

The percentage of adults with elevated 
blood lead levels (≥ 5 µg/dL) went from 
11.6% prior to 16.3% after the switch 
among all adults and 5.9% prior to 9.1% 
after the switch among adults who had no 
identified work or hobby source of lead 
exposure; however these results were not 
statistically significant.  A possible expla-
nation for the lack of statistical signifi-
cance among adults, despite a similar 
change to that seen in children, was the 
small number of adults tested for blood 
lead, which limited the statistical power. 
This increase in the percentage of adults 
with elevated blood lead levels was only 
seen in the first nine months after the 
switch, although there was a non-
statistically significant rise in the average 
blood lead from 5.9 to 9.1 µg/dL in the 
latter nine months among adults with no 
known occupational or hobby source of 
exposure.  Possible explanations for not 
continuing to find an increased percent-
age of elevated blood lead in adults was 
a decrease in the use of the City of Flint 
water because of concerns about its qual-
ity or that the amount of lead that leached 
in the immediate months after the switch 
in water supply was greater than in sub-
sequent months. We will continue to ex-
amine this issue in the 2015 report, which 
is currently under preparation. 

 

 Table 11. Adults with Blood Lead Tests in Flint-Area  
Zip Codes 48501 - 48507,  

January 2014 - September 30, 2015 

  

January-
March 
2014 

April-
December 

2014 

January- 
September 
30th, 2015 

All Flint-Area Adultsa 43 104 161 

Average BLLb- All Tests (#) 2.8 (46) 3.1 (110) 2.6 (166) 

Number ≥ 5 ug/dL 5 17 16 

Average BLL All tests  
≥ 5 ug/dL (#) 

9.7 (6) 9 (20) 10.1 (16) 

% Adults ≥ 5 ug/dL 11.6 16.3 9.9 

Flint-Area Adults without  
known occupational/hobby 
exposure source 

34 88 143 

Average BLL - All Tests (#) 1.8 (34) 2.1 (89) 2.2 (148) 

Number ≥ 5 ug/dL 2 8 8 

Average BLL All tests  
≥ 5 ug/dL (#) 

5 (2) 5.4 (8) 9.1 (8) 

% Adults ≥ 5 ug/dL 5.9 9.1 5.4 

aRepresents a total of 322 blood lead tests for 290 adults; 18 adults were tested in 
more than one time period.   
b Blood Lead Level  
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DISCUSSION 

An individual may have a blood lead test performed as part of an employer medical-screening 
program or as part of a diagnostic evaluation by their personal physician. Whatever the reason 
for testing, the results are then sent by the testing laboratories to the MDHHS as required by 
law.  If the individual tested is ≥ 16 years of age, the report is then forwarded to MSU and main-
tained in the ABLES program lead registry.  Individuals with a blood lead level of 25 μg/dL or 
greater, and individuals with BLLs of 10-24 μg/dL, where lead exposure source is not already 
known, are contacted by mail and then by a trained interviewer for a voluntary telephone inter-
view. The interview includes detailed demographic information, exposure history and the pres-
ence and nature of lead-related symptoms.  When an individual with a blood lead value of 25  
μg/dL or greater is occupationally exposed at a company that has not had a recent MIOSHA in-
spection, an enforcement inspection is conducted by MIOSHA to assess that company’s compli-
ance with the lead standard.  
  
In 2014, there were 507 adults with BLLs ≥ 10 μg/dL. Approximately 92% were men.  The mean 
age was 45.2. They were predominately white (89.5%) and lived in a band of counties stretching 
across the southern part of the state from Kent to St. Clair. The source of exposure to lead was 
predominately occupational in origin (83.6%). Exposure occurred during demolition of lead paint-
ed metal structures and abrasive blasting to remove paint or during the fabricating of non-ferrous 
metal parts and metal products. 
   
In 2014, five Michigan adults were reported with BLLs greater than or equal to 50 μg/dL, the 
maximum blood lead level allowed in the workplace.  One of the five adults was exposed to lead 
exclusively at work (recycling lead batteries). There were three individuals with non-work expo-
sure to lead who had retained bullet fragments. The source of exposure that caused an elevated 
blood lead level in the fifth individual could not be determined and an interview is pending. 
 
Lead exposure remains an important public health concern in the U.S. Environmental Protection 
Agency (EPA) regulations, which required the removal of lead from commercial products such 
as gasoline, house paint and solder in plumbing pipes and food cans, have greatly reduced ex-
posure to lead in the general population.  Average BLLs in the general population have dropped 
from 15 ug/dL in the 1970s to the current .973 µg/dL (2).   
 
The problem of lead in drinking water is not unique to Flint. Lead is a potential problem in many 
urban areas with aging water infrastructure. What makes the issue so dramatic in Flint is the 
change in water source and lack of provision to deal with the corrosiveness of the new water 
source.  This abrupt change in water source allowed for the recognition of changes in blood lead 
which would normally not be identified with the ongoing slow deterioration of water infrastruc-
ture. As we as a society  have reduced human lead exposure by removal of lead from gasoline, 
consumer products and programs to remove lead paint from housing built before 1978, lead in 
drinking water from aging water infrastructure will become increasingly high percentage of lead 
exposure to the general population. This will be particularly true for infants ingesting formula 
made with tap water, who do not have the potential to be exposed to lead dust on surfaces and 
ingest dust containing lead from paint chips because they are not yet crawling. 
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Occupational exposure has not declined as much as environmental lead exposure.  Data from 41 
state lead surveillance systems shows that nationally, approximately 95% of adult elevated lead ex-
posure is work-related (4).  Occupational Safety and Health Administration (OSHA) lead standards, 
established in 1978 for general industry and in 1993 for construction, set the level for removal of a 
worker from lead exposure in general industry at 60 µg/dL or two consecutive values above 50  
µg/dL and construction at 50 µg/dL.  These levels were established when general population levels 
from environmental exposure were much higher than they are today.   
 
Thirty years of lead toxicity research has demonstrated that lead exposure at levels previously 
thought to be of little concern can result in an increased risk of adverse chronic health effects, espe-
cially if the exposure is maintained for many years, thereby resulting in a progressively larger cumu-
lative dose (5-8). Levels as low as 5 ug/dL have been associated with adverse cardiovascular and 
neurologic health effects in adults (5,8).  
  
Both the International Agency for Cancer (IARC) and the National Toxicology Program have classi-
fied lead to be a probable human carcinogen (9, 10), primarily based on findings for lung and stom-
ach cancer, with brain and kidney cancer also being elevated in some studies.  Others studies show 
that lead exposure increases blood pressure in adults (4), making both mortality from stroke and 
heart disease outcomes of interest.  High lead exposure is known to cause non-malignant kidney 
disease (11), but it is not known if lower levels contribute to this outcome.   
 
Michigan occupations with lead exposure include abrasive blasting to remove lead paint from out-
door metal structures such as bridges, overpasses or water towers; casting brass or bronze fixtures; 
fabricating metal products; or exposure to lead fumes or dust from firing guns or retrieval of spent 
bullets at firing ranges.  While the use of lead in non-battery products has declined in the U.S., the 
use of lead worldwide continues to grow, especially in battery applications.  Recycling the growing 
amount of “e-waste” created by discarded electronic and lead battery consumer products and the 
increased demand for raw metals and specifically recycled lead worldwide puts a new group of 
workers at risk to significant exposure to lead.   
  
Since 2002, the Michigan ABLES project has sent letters to laboratories which provide blood lead 
analysis for Michigan residents, recommending the laboratories lower their upper limit of normal 
blood lead levels to correspond with current medical knowledge of the adverse health effects of 
lead.  All but one of the laboratories providing blood lead analyses in Michigan have lowered the up-
per limit of normal to 10 µg/dL. Given the recent decision by the CDC to consider blood leads in chil-
dren of 5 µg/dL or greater to be elevated and the increasing scientific knowledge about the toxicity 
of lead at these low levels to adults, laboratory reference levels should indicate an upper limit of nor-
mal of 5 µg/dL for all ages. Recommendations for medical management on lead exposed individuals 
begin at 5 µg/dL and interpretative language for the healthcare providers who ordered the blood 
lead needs to be compatible with these recommendations since laboratory reports are often their 
main source of information (12) (See Appendix D), 
http://c.ymcdn.com/sites/www.cste.org/resource/resmgr/OccupationalHealth/
ManagementGuidelinesforAdult.pdf).  The February 2015 update of the Fourth Annual CDC Report 
shows that blood leads in the general population are continuing to fall and the 95th confidence limit 
for the upper limit of normal in 2001-2012 was 3.36 µg/dL (2.98-3.93) (2).  
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Although the major source of blood lead exposure to children is living in housing built before 1978 
which has deteriorating lead paint, another source is adults working in lead occupations who bring 
lead home on their shoes or clothes and expose their spouse and children. MIOSHA regulations re-
quire employers to wash the work clothes, and provide showering facilities and clean and dirty 
change rooms for lead-exposed employees to reduce “take-home” exposure to the families of lead-
exposed workers. It is important that workers who have children six years or younger who live or fre-
quently visit their home assure that these children are tested for lead. Unfortunately, this is not hap-
pening; only one in three families with adults exposed to lead at work report that their young children 
are tested for elevated lead.  When these children are tested, 33.6% are found to have an elevated 
blood lead level (Table 10). This is a much higher percentage of elevated blood lead levels than 
found among children less than six years of age tested for blood lead in the state (3.5%). Children of 
lead-exposed workers are a high risk group for having an elevated blood lead and efforts to increase 
lead testing in these children should be expanded.  
 
In its seventeenth year of operation, the surveillance system for lead continued to prove successful 
in identifying large numbers of adults with elevated lead levels and sources of exposure that could 
be remediated to reduce exposures in Michigan. The reduction in the number of individuals with ele-
vated blood lead levels, particularly from occupational exposures, has continued to decline (Figures 
3-5).  
 
Continued outreach is planned to the medical community on the recognition and management of po-
tential lead-related medical problems in both individuals and their young families. Both the states of 
California and Washington have initiated the process of reducing the allowable workplace lead level.  
A new more protective OSHA PEL, substitutes of safer compounds, along with expanding education 
and outreach for employers and workers and their families, would all contribute to lower blood lead 
levels. Ongoing surveillance in future years will continue to target and evaluate intervention activity 
to assure a continued downward reduction in blood lead levels and exposure to lead.  
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Appendices 
 
Appendix A Elevated Blood Lead Levels Among Employed Adults – United States, 1994 – 2012. 
Morbidity and Mortality Weekly Report October 23, 2015 
 
Appendix B Summary of Michigan’s Lead Standards 
 
Appendix C Reference Blood Lead Levels (BLL) for Adults in the U.S. 
 
Appendix D Management Guidelines for Blood Lead Levels in Adults 
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SUMMARY OF MICHIGAN’S  OCCUPATIONAL LEAD STANDARDS 

In 1981, under the authority of the Michigan Occupational Safety and Health Act (MIOSHA), Michigan promulgated a comprehen-
sive standard to protect workers exposed to lead in general industry (i.e., R325.51901 - 325.51958).  That standard was most recently 
amended in October, 2000.  In October 1993, MIOSHA adopted by reference the federal Occupational Safety and Health Administra-
tion’s (OSHA) Lead Standard for Construction (i.e., 29 CFR 1926.62).  That standard was most recently amended October 18, 1999.  
Both the MIOSHA Lead Exposure in Construction Standard (Part 603) and the Lead Exposure in General Industry Standard (Part 
310) establish an “action level” (30 micrograms of lead per cubic meter of air [ug/m3] averaged over an eight-hour period) and a per-
missible exposure limit (50 ug/m3 averaged over an eight hour period) for employees.  Both standards require employers to conduct 
initial exposure monitoring and to provide employees written notification of these monitoring results.  If employee exposure levels 
exceed the permissible exposure limit (PEL), employers are required to develop a written compliance program that addresses the im-
plementation of feasible engineering and/or work practice controls to reduce and maintain employee exposures below the PEL.  The 
Lead Exposure in Construction Standard (Part 603) also allows the use of administrative controls to achieve this objective.  An em-
ployer’s obligations concerning hygiene facilities, protective work clothing and equipment, respiratory protection, medical surveil-
lance and training under the Lead Exposure in Construction Standard (Part 603) are triggered initially by job tasks and secondarily by 
actual employee exposure level to lead.  Under the Lead Exposure in General Industry Standard (Part 310), these potential obligations 
are triggered by actual employee exposure levels to lead.  Medical surveillance and training are triggered by exposures above the ac-
tion level (AL), whereas protective clothing and equipment, respiratory protection and hygiene facilities are triggered by exposures 
above the PEL. 

 

The medical surveillance program requirements for Michigan’s Lead Exposure in General Industry Standard (Part 310) versus those 
required in Lead Exposure in Construction Standard (Part 603) do vary.  Under the Lead Exposure in General Industry Standard (Part 
310), a medical surveillance program must be implemented which includes periodic biological monitoring (blood tests for lead and 
zinc protoporphyrin [ZPP] levels), and medical exams/consultation for all workers exposed more than 30 days per year to lead levels 
exceeding the AL. Under the Lead Exposure in Construction Standard (Part 603), a distinction is made between “initial medical sur-
veillance” (consisting of biological monitoring in the form of blood sampling and analysis for lead and ZPP levels) and secondary 
medical surveillance (consisting of follow-up biological monitoring and a medical examination/consultation).  The initial medical 
exam is triggered by employee exposure to lead on any day at or above the AL. The secondary medical exam is triggered by employee 
exposures to lead at or above the AL for more than 30 days in any 12 consecutive months period. 

 

Michigan’s Lead Exposure in General Industry Standard (Part 310) mandates that employees exposed at or above the AL must be 
removed from the lead exposure when: 

 

 A periodic blood test and follow-up blood test indicate that the blood lead level (BLL) is at or above 60 micrograms 
per deciliter (μg/dL) of whole blood. 

 

 Medical removal is also triggered if the average of the last three BLL or the average of all blood sampling tests con-
ducted over the previous six months, whichever is longer, indicates the employees blood lead level is at or above 50 
μg/dL.  Medical removal is not required however, if the last blood sampling test indicates a blood lead level at or 
below 40 μg/dL of whole blood. 

 

 When a final medical determination reveals that an employee has a detected medical condition which places that 
employee at an increased risk of material impairment to health from the lead exposure. 

 

The Lead Exposure in Construction Standard (Part 603) mandates removal of an employee from a lead exposure at or above the AL 
when: 

 

 A periodic and follow-up blood test indicates that an employee’s BLL is at or above 50 μg/dL; or 
 

 There is a final medical determination that an employee has a detected medical condition which places that employ-
ee at an increased risk of material impairment to health from the lead exposure. 

APPENDIX B 
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When an employee can return to work at their former job also differs by standard.  The Lead Exposure in General Industry 
Standard (Part 310) allows an employee to return to his or her former job status under any of the following circumstances: 

 

 If the employee’s BLL was at or above 70 μg/dL, then two consecutive blood tests must have the BLL at or 
below 50 μg/dL. 

 

 If the employee’s BLL was at or above 60 μg/dL or due to an average BLL at or above 50 μg/dL, then two 
consecutive BLL must be at or below 40 μg/dL. 

 

 For an employee removed due to a final medical determination, when a subsequent medical determination no 
longer detects a medical condition which places the employee at an increased risk of material impairment to 
health from exposure to lead. 

 

The Lead Exposure in Construction Standard (Part 603) allows the employer to return an employee to their former job status 
under these circumstances: 

 

 If the employee’s BLL was at or above 50 μg/dL, then two consecutive blood tests must have the employee’s 
BLL at or below 40 μg/dL. 

 

 For an employee removed due to a final medical determination, when a subsequent medical determination no 
longer has a detected medical condition which places the employee at an increased risk of material impair-
ment to health from exposure to lead. 

 

Both the Lead Exposure in General Industry (Part 310) and Lead Exposure in Construction (Part 603) Standards have a medical 
removal protection benefits provision.  This provision requires employers maintain full earnings, seniority and other employ-
ment rights and benefits of temporarily removed employees up to 18 months on each occasion that an employee is removed 
from exposure to lead.  This includes the right to their former job status as though the employee had not been medically re-
moved from the job or otherwise medically limited. 

 

Provisions of Lead Exposure in General Industry (Part 310) and Lead Exposure in Construction (Part 603) Standards 

 

Workers exposed to lead have a right to: an exposure assessment, respiratory protection, protective clothing and equipment, 
hygiene facilities, medical surveillance, medical removal and training.  The triggering mechanisms that activate these rights are 
primarily based upon employee lead exposure levels.   However, under the Lead Exposure in Construction Standard (Part 603), 
many of these rights are initially triggered by the specific work activity being performed. 
 

Exposure Assessment 

 

Air monitoring must be conducted to determine employee airborne lead exposure levels when a potential lead exposure exists.  
Under the Lead Exposure in Construction Standard (Part 603), however, specific work activities are identified/categorized that 
require “interim protection” (i.e., respiratory protection, personal protective clothing and equipment, work clothes change areas, 
hand washing facilities, biological monitoring and training) until air monitoring has been performed that establishes that these 
lead exposure levels are within the acceptable limits (AL or PEL). 

 

Respiratory Protection 

 

Respiratory protection is required whenever employee exposure levels exceed the PEL and as an interim control measure under 
the Lead Exposure in Construction Standard (Part 603).  The level of respiratory protection required is dependent upon the actu-
al employee exposure level or by the job activities identified in the Lead Exposure in Construction Standard (Part 603). 
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Protective Clothing/Equipment 

Protective clothing/equipment (i.e., coveralls or similar full body clothing; gloves, hats, shoes or disposable shoe coverlets; and 
face shield, vented goggles, or other applicable equipment) is required whenever employee exposure levels exceed the PEL and 
as an interim protection measure under the Lead Exposure in Construction Standard (Part 603). 

 

Hygiene Facilities 

Hygiene facilities (i.e., clothing change areas, showers, eating facilities) are required whenever employee exposures to lead 
exceed the PEL. Except for shower facilities, these same hygiene facilities must be provided as interim protection under the 
Lead Exposure in Construction Standard (Part 603).  The construction employer must, however, provide hand washing facili-
ties in lieu of the shower facility as an interim protection. 

 

Medical Surveillance 

Medical surveillance (i.e., medical exam and consultation) is required when workers are exposed to lead at or exceeding the AL 
for more than 30 days a year.  Biological blood sampling and analysis to determine lead and ZPP levels is required initially 
under the Lead Exposure in Construction Standard (Part 603) when employee lead exposure is at or exceeds the AL on any 
single day.  Under the Lead Exposure in General Industry Standard (Part 310), it is required when employees are exposed to 
concentrations of airborne lead greater than the A.L. for more than 30 days per year. 

 

Medical Removal 

Workers covered by the Lead Exposure in General Industry (Part 310) Standard have the right to be removed from airborne 
lead exposures at or above the AL when their periodic and follow-up blood lead level is at or above 60 μg/dL or when an aver-
age of the last three BLLs or the average of all blood sampling tests conducted over the previous six months, whichever is 
longer, indicates the employee blood lead level is at or above 50 μg/dL.  However, under this later removal criteria, they are not 
required to be removed if the last blood sampling test indicates a blood lead level at or below 40 μg/dL. 

Workers covered by the Lead Exposure in Construction Standard (Part 603) have the right to be removed from airborne lead 
exposures at or above the AL on each occasion that a periodic and follow-up blood sample test indicate that the employee’s 
blood lead level is at or above 50 μg/dL. 

Under both the Lead Exposure in General Industry (Part 310) and Lead Exposure in Construction (Part 603) Standards, work-
ers also have the right to be removed from airborne lead exposures at or above the AL whenever there is a final medical deter-
mination that has detected that they have a medical condition that places them at an increased risk of material impairment to 
health from exposure to lead. 

 

Training 

Under the Lead Exposure in General Industry Standard (Part 310) and Lead Exposure in Construction (Part 603), employees 
exposed to any level of airborne lead must be informed of the contents of appendices A and B from that standard. 

Under both the Lead Exposure in General Industry (Part 310) and Lead Exposure in Construction (Part 603) Standards, em-
ployees who are exposed at or above the AL on any day or who are subject to exposure to lead compounds which may cause 
skin or eye irritation must be provided comprehensive training covering all topics specified in those standards. 

 

Also, under the Lead Exposure in Construction Standard (Part 603), employees involved in any of the 
specified work activities requiring interim controls, must receive training prior to initiating those activities 
that addresses the recognition and avoidance of unsafe conditions involving lead and the specific regula-
tions applicable to the worksite that have been established to control or eliminate the hazards associated 
with exposure to lead. 
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