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ABSTRACT
The 3M Company’s Decatur (Alabama) site was the largest 3M manufacturing site of perfluoroctanesulfonyl (POSF)-related material. 

Subsequent to the phase-out of long-chain perfluoroalkyl and polyfluoroalkyl substances (PFAS), periodic opportunities have been

offered to Decatur employees and retirees to voluntarily have their blood measured for perfluorooctane sulfonate (PFOS), 

perfluorohexane sulfonate (PFHxS), and perfluorooctanoate (PFOA) including the most recent occurrence in 2016.  This study was 

conducted by 3M Corporate Occupational Medicine. All study participants provided informed written consent.  After analysis of the 

collected blood (serum) sample by LC-MS/MS performed at the 3M Environmental Laboratory, participants received their 2016 results 

via a confidential letter that also presented comparisons to the participants’ individual prior PFAS results.  Altogether, a total of 271 

current employees and 111 retirees participated in this study. Participants self-reported as having work experience in either the chemical 

plant (n = 98), the film plant (n = 168), or both (n = 116) and whether they were hired before (n = 202) or after (n = 180) the 3M phase-

out of PFOS-, PFOA-, and PFHxS-related materials.  Among those 66 chemical plant employees (current and retired) hired pre phase-

out compared to the 32 hired post phase-out, their 2016 median concentrations, respectively, were PFOS 92.3 ng/mL vs 21.2 ng/mL;

PFHxS 51.7 ng/mL vs. 3.6 ng/mL and PFOA 23.3 ng/mL vs. 9.7 ng/mL.  A total of 71 participants (regardless of plant experience) had 

serum measurements in 2000 that were collected prior to the company’s announced phase-out and also in 2016.  Serum geometric mean 

concentrations were PFOS 1027 ng/mL vs. 93.1; PFHxS 219 ng/mL vs. 39.7 ng/mL; and PFOA 1170 ng/mL vs. 39.5 ng/mL, 

respectively. The percent reductions in serum concentrations were PFOS 91%; PFHxS 82%; and PFOA 97%. The results from this study 

are also consistent with serum elimination half-lives that have been reported at this Decatur plant which may have been influenced by 

some ambient / residual exposures within these confines.
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INTRODUCTION
The 3M Company’s Decatur (Alabama) site (Figure 1) was the largest 3M manufacturing site of perfluoroctanesulfonyl (POSF)-related 

materials. Several epidemiologic and biomonitoring analyses of employees have been conducted, including a biomonitoring study of a 

random sample of 3M Decatur employees conducted in 1998. Subsequent to the phase-out, periodic opportunities have been offered to 

Decatur employees and retirees to voluntarily have their blood measured for PFOS and PFOA including the most recent occurrence in 

the Spring 2016.   The primary purpose of this study is to compare these 2016 PFAS concentrations to concentrations taken just prior to 

the announced 2000 phase-out (Olsen et al. 2004). A second objective was to estimate a follow-up elimination estimate for PFOS, 

PFOA, and PFHxS for those individuals with concentrations measured post phase-out.

METHODS
3M Decatur manufacturing production for PFAS began in early 1960s. The 3M Decatur (Alabama) has 

consisted of two plants: Specialty Film (film plant) and Specialty Materials (chemical plant). PFAS were 

not significantly used or produced in the film plant.  Protective chemicals, performance chemicals, and 

fluoroelastomers were the three major groups of products made from approximately 700 PFAS-related 

batch processes (Olsen et al., 2004). Other operations include a waste water treatment plant, maintenance 

shop, and a boiler operation. POSF was the primary chemical manufactured through reacting octyl 

mercaptan with chlorine. This was followed by halogen exchange to produce octanesulfonyl fluoride 

which then underwent electrochemical fluorination.  This produced POSF, the key building block for all 

downstream PFAS applications, including perfluorinated amides, alcohols, acrylates and PFAS polymers 

(Figure  2).  Salts of perfluorooctanoic acid (PFOA) incorporated in aqueous solution were used as 

processing aids in fluoroelastomer production.  PFOA was periodically manufactured at this site using 

electrochemical fluorination at this site. Although on a much lesser scale, perfluorohexanesulfonyl fluoride 

(PHxSF, C6F13SO2F) was also produced via an electrochemical fluorination process and was used 

primarily in performance chemicals such as fire suppression liquids.  

During the Spring 2016, current 3M Decatur employees had the opportunity to have their blood measured 

for PFAS. Concurrently, employees were also provided the opportunity to participate in a wellness 

screening program administered by a local hospital with collection of sample data at the plant to minimize 

inconvenience.   Employees could voluntarily choose to participate in the wellness screening, PFAS blood 

testing, or both.  Informed consents were required to be read and signed for each program.   Should 

employees choose both programs, then only one venipuncture was necessary with the collection of 

separate tubes of blood.  The wellness screening analysis and communication of finding was administered 

by the local hospital.   The PFAS measurements were under the direction of 3M Corporate Occupational 

Medicine.  Measurement of anonymously coded blood (serum) samples were analyzed by the 3M 

Environmental Laboratory.  Employees were provided a confidential letter by 3M Corporate Occupational 

Medicine that contained their individual 2016 PFAS measurements as well as prior measurements.  

3M Decatur retirees who lived within the area also received invitations to consider voluntary participation 

to have their blood measured for PFAS.  Arrangements were made for these area retirees to access the 

active Decatur manufacturing site where upon reading and signing the informed consent, the local hospital 

staff collected the retiree’s blood sample.  Similar to current employees, the retirees’ serum samples were 

shipped to 3M Corporate Occupational Medicine where upon receipt non-identifying analyses of PFAS 

were performed by the 3M Environmental Laboratory. Participating retirees received their 2016 PFAS 

results via a confidential letter from 3M Corporate Occupational Medicine with comparisons to their prior 

results.  For both employees and retirees, presentations were provided to discuss aggregate results.

Altogether, a total of 271employees and 111 retirees participated in the Spring 2016 PFAS biomonitoring 

program.  See Table A. 

Analytical Methods:  Of the 382 samples, 35 samples were also provided as a blinded split. Sample 

extraction and analysis was completed using a validated analytical test method employing protein 

precipitation extraction and quantitation by liquid chromatography tandem mass spectrometry (LC-

MS/MS) (Harrington, 2017).  Analysis of National Institutes of Standards and Technology (NIST) standard 

reference material (SRM) 1957 for PFOS, PFHxS, their respective ISs, and SRSs was completed as an 

additional quality control. 

3M Decatur History

Manufacturing Facilities Core Businesses

❑ 864 acre site

❑ First production of PFAS ~1961

❑ 2 million square feet

❑ ~850 3M employees

❑ >28 client divisions worldwide

❑ Manufacturing Operations

▪ Film Manufacturing & Supply 

Chain Operation

▪ Materials Resource Division

▪ Fluoropolymers pilot plant

Pre-2000

❑ Protective materials

❑ Coating and surface treatment

❑ Emulsifiers

❑ Surfactants

Post-2000 

❑ Adhesives; Coatings

❑ Fluorochemical products; Fine chemicals

❑ Specialty plastics and fluoroelastomers

❑ Polymer processing additives

Plant Status Sex
Time of Hire

Post phase-out Pre phase-out

Chemical 

(N = 98)

Current
M 22 16

F 10 5

Retired
M 0 37

F 0 8

Both Plant 

Experience 

(N = 116)

Current
M 32 27

F 7 9

Retired
M 0 30

F 0 11

Film 

(N = 168)

Current
M 85 25

F 23 10

Retired
M 1 17

F 0 7

Total

Current 271

Retired 111

M 292

F 90

A.  Distribution of participants by plants, employee status, sex, and time of hire

B.  Measures of central tendency by employee status and time of hire 

Status Analyte Arithmetic mean 

(95% CI)

Geometric mean 

(95% CI)

Median (interquartile)

Post

phase-out

Current 

(N = 179)

PFOS 24.5 (19.5 – 29.5)* 16.1 (14.3 – 18.3)** 14.2 (9.1 – 27.6)

PFOA 7.8 (6.1 – 9.4)* 4.5 (3.9 – 5.2)** 3.7 (2.3 – 8.3)

PFHxS 6.3 (3.9 – 8.8)** 3.4 (3.0 – 3.9)** 3.3 (1.9 – 5.8)

PFBS (N = 77) 1.9 (0.9 – 2.8) 0.5 (0.3 – 0.6) 0.2 (0.2 – 1.3)

FOSA*** 0.03 (0.02 – 0.03) 0.02 (0.02 – 0.02)* 0.02 (0.02 – 0.02)

MeFOSAA 0.4 (0.3 – 0.6) 0.2 (0.2 – 0.2)* 0.2 (0.1 – 0.4)

EtFOSAA 0.1 (0.1 – 0.2) 0.04 (0.04 – 0.05)* 0.03 (0.02 – 0.07)

Retired 

(N=1)

Specific data not shown for confidentiality reasons but similar measured concentrations 

to post phase-out current employees; not similar to pre phase-out current or retired 

employees.

Pre 

phase-out

Current 

(N = 92)

PFOS 94.7 (57.0 – 132.4) 36.9 (28.2 – 48.2) 33.0 (14.7 – 82.3)

PFOA 65.6 (21.7 – 109.5) 14.6 (10.4 – 20.3) 10.0 (4.0 – 57.6)

PFHxS 33.6 (22.2 – 45.0) 11.0 (8.0 – 15.0) 9.2 (3.9 – 34.5)

PFBS (N = 30) 4.7 (0.3 – 9.2) 0.6 (0.3 – 1.1) 0.2 (0.2 – 1.4)

FOSA*** 0.04 (0.02 – 0.06) 0.03 (0.02 – 0.03) 0.02 (0.02 – 0.03)

MeFOSAA 1.2 (0.0 – 2.4) 0.3 (0.2 – 0.4) 0.2 (0.1 – 0.6)

EtFOSAA 0.3 (0.1 – 0.6) 0.06 (0.05 – 0.08) 0.04 (0.02 – 0.09)

Retired 

(N = 110)

PFOS 118.0 (76.7 – 159.4) 57.8 (46.5 – 71.8) 46.6 (24.6 – 132.0)

PFOA 40.3 (28.2 – 52.5) 13.3 (10.0 – 17.6) 8.1 (3.6 – 49.5)

PFHxS 60.7 (40.9 – 80.5) 21.3 (16.1 – 28.2) 17.4 (6.4 – 68.0)

PFBS (N = 83) 1.4 (0.0 – 3.0) 0.2 (0.1 – 0.2) 0.2 (0.1 – 0.2)

FOSA*** 0.02 (0.02 – 0.02) 0.02 (0.02 – 0.02) 0.02 (0.02 – 0.02)

MeFOSAA 0.3 (0.3 – 0.4) 0.2 (0.2 – 0.3) 0.2 (0.1 – 0.4)

EtFOSAA 0.1 (0.0 – 0.1) 0.04 (0.03 – 0.04) 0.03 (0.02 – 0.05)

*, ** Significantly different from pre phase-out mean value for current employees (* p < 0.05; ** p < 0.0001)

*** perfluorooctanesulfonamide

C.  Geometric means for current  employees post phase-out compared 2015-2016 

biomonitoring data from NHANES (2019)

Geometric mean serum half-lives of elimination for PFOS and PFOA were calculated for 81 subjects 

(measured since 2004) using WinNonlin software (Pharsight Corporation, Mountain View, CA). See 

Table D above.   The data were linear when plotted as the logarithm of serum concentration versus time.  

These geometric mean serum elimination half-life estimates for PFOS and PFOA were similar to those 

reported for 26 Decatur retirees (Olsen et al, 2007).  Data derived from communities exposed to PFAS in 

drinking water indicate ~ 30% lower half-lives of elimination after GAC filter installation for water 

treatment (Bartell et al. 2010; Li et al. 2017). These differences in elimination between populations may be 

due to age, sex and residual exposures.

Total 

(N = 81)

Male 

(N = 68)

Female 

(N = 13)

PFOS Start Concentration (ng/mL) 620.7 666.1 383.4

End Concentration (ng/mL) 138.0 151.2 69.1

Geometric Mean Half-life (years) 5.5 5.5 5.4

95% CI 4.9 – 6.1 4.9 – 6.2 4.1 – 7.0

PFOA Start Concentration (ng/mL) 500.7 541.6 286.8

End Concentration (ng/mL) 54.3 60.1 23.7

Geometric Mean Half-life (years) 3.6 3.6 3.7

95% CI 3.3 – 3.9 3.3 – 4.0 3.2 – 4.4

PFOS PFOA PFHxS

Current 3M 

Decatur 

employees 

hired post 

phase-out 

Overall (N = 179) 16.1 (14.3 – 18.3)* 4.5 (3.9 – 5.2)* 3.4 (3.0 – 3.9)*

Chemical (N = 32) 24.2 (17.1 – 34.4)* 9.1 (6.2 – 13.2)* 4.1 (2.8 – 5.8)*

Both (N = 39) 21.1 (15.2 – 29.2)* 6.5 (4.6 – 9.4)* 4.4 (3.0 – 6.4)*

Film  (N = 108) 13.0 (11.5 – 14.7)* 3.2 (2.8 – 3.7)* 2.9 (2.5 – 3.4)*

CDC NHANES (N = 1993) 4.72 (4.40 – 5.07) 1.56 (1.47 – 1.66) 1.18 (1.08 – 1.30)

*Significantly different from NHANES mean value (p < 0.0001)

RESULTS 

Figure 3 shows geometric mean concentrations for 71 employees who participated in voluntary biomonitoring 

offered in 2000 (near the time of the announced phase-out), and in 2016 (as either employees or retirees). For 

these 71 individuals the percent reductions in serum concentrations were PFOS 91%; MeFOSAA 99%; 

EtFOSAA 99%; PFHxS 82%; and PFOA 97%.  

Red square outlines the electrochemical cell buildings that were demolished post phase-out  (Olsen et a. 2012). 

The Tennessee River is north of the plant.

Figure 2. POSF-related Chemistry Tree

Figure 1.  Aerial Photographs of Decatur plant pre phase-out

Figure 3  Pairwise employee/retiree geometric mean concentration 2000 vs. 2016.

CONCLUSION
Post phase-out serum PFOS, PFOA, PFHxS concentrations declined in the 3M Decatur plant employee and retiree  

population. The results from this study are consistent with serum elimination half-lives that have been reported 

at this Decatur plant which may have been influenced by some ambient exposures within these confines.
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D.  Geometric mean serum elimination half-life estimates (yrs)


