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Abstract 
We evaluated serum levels of 5 selected dioxin, furan and PCB congeners among 412 workers at a Midland, 
Michigan plant that manufactured trichlorophenol (TCP), pentachlorophenol (PCP) and formulated chlorophenol-
based products.  We examined indicators of exposure to dioxins, furans and PCB congeners taking into account 
intrinsic factors such as age and body fat and potential exposure from consumption of local game and fish and other 
occupations.  All 5 congeners were significantly associated with age and body fat.  The workplace exposure metrics 
were strongly related to the three dioxins analyzed.  Other factors such as fish and game consumption and jobs 
outside of the chlorophenol workplace had only a minor impact on dioxin and furan levels, although they were 
major determinants for PCB levels.  Other than occupational exposure at Dow, age and body mass index were by far 
the most important determinants of serum levels of the dioxin, furan and PCB levels.   
 
Introduction 
2,4,5-Trichlorophenol (TCP) and pentachlorophenol (PCP) were produced and used at the Midland, Michigan 
manufacturing facility of The Dow Chemical Company from 1937 to 1980.  As part of the ongoing epidemiology 
surveillance of this population, blood dioxin, furan and polychlorinated biphenyls (PCB) concentrations were 
collected in a sample of these workers.  We evaluated certain individual factors since it has been reported that 
dioxin, furan, and PCB levels are related not only to occupational exposure;1, 2, 3, 4 but other factors such as age, body 
fat, recent weight change, gender, diet, and cigarette smoking.4, 5, 6, 7, 8, 9 ,10, 11   
 
Materials and Methods 
We sampled 412 current and past employees who had worked at the Midland, Michigan plant between 1937 and 
1980 and who were still living in the area.  We collected approximately 80 ml of blood from each participant.  
Details and quality control procedures have been described.12 All results were lipid-adjusted based on methods 
developed by the CDC.13 A brief questionnaire was completed by each participant or his or her proxy that addressed 
smoking, weight change, general consumption of local fish and game in the past year, select occupations with 
potential for exposure to dioxins and PCBs, and their potential exposure as TCP, PCP and formulation workers.  The 
focus of this paper is on the responses to the questionnaire and exposure metrics related to working in chlorophenol 
departments. 
 
We limited the analysis of individual congeners to one marker of TCP exposure, (2,3,7,8 tetrachlorodibenzo-p-
dioxin or TCDD), one marker of PCP exposure (1,2,3,6,7,8 hexachlordibenzo–p-dioxin or 1,6-HxCDD), another 
dioxin (1,2,3,7,8 pentachlorodibenzo-p-dioxin or 1-PeCDD), a furan (2,3,4,7,8 pentachlorodibenzofuran or 4-
PeCDF) and a PCB (PCB126)  We also calculated the total toxic equivalency quotient (TEQ) using the 2005 toxic 
equivalency factors (TEF) based on all seventeen 2,3,7,8-substituted dioxins and furans and four non-ortho 
substituted PCBs (PCB77, PCB81, PCB126 and PCB169).14  

 
The independent variables representing occupational exposure to dioxins and furans were based on the company job 
records and exposure metrics defined in previous epidemiology studies of the entire chlorophenol cohort.  These 
included cumulative duration of TCP exposure alone (years), cumulative duration of PCP exposure alone (years), 
cumulative duration of mixed PCP or TCP exposure (years), cumulative estimated exposure of TCDD (sum of 
intensity days for each exposed job), and cumulative estimated exposure of hexachlorodibenzo and 
octachlorodibenzo dioxins (H/OCDD; sum of intensity days for each exposed job).  Medically documented cases of 
chloracne were also noted.  Other exposure related factors included “ever worked in a TCP job”, “ever worked in a 
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PCP job”, number of years employed at Dow regardless of years worked in chlorophenol jobs, and number of years 
from employment termination to the date of the blood draw.  
 
The questionnaire collected information on other sources of dioxin exposure or factors related to dioxin elimination 
or storage within the body.  We evaluated smoking as current smoker (yes, no) and ever smoked (yes, no).  Since the 
information on current smoking provided higher adjusted R2 in the exploratory analyses, we used only current 
smoking in the multivariate regressions.  Participants were asked about recent weight change.  The number of 
pounds lost and number of pounds gained were evaluated in the regression models. 
   
Information on diet was limited to consumption of specific fish caught in two local rivers or the Great Lakes and 
game hunted from the county where the plant is located.  The fish and game listed by participants were 
overwhelmingly walleye, in the local rivers (31 of 33 responses), salmon in the Great Lakes (107 of 114), and deer 
in the local county (76 of 82).  Two summary variables were created to reflect recently eating local or Great Lakes 
fish, and eating local game and/or fowl. 
 
There were 10 questions on specific jobs with a potential for exposure to dioxins, furans and PCBs.  There was 
evidence of misinterpretation in some of the other job questions.  Most problematic was the question “Have you ever 
been employed in the professional application of the herbicide 2,4-D or 2,4,5-T?”  Nearly all the affirmative 
responses were among Dow workers with jobs in the manufacture or formulation of these herbicides.  We concluded 
that workers misunderstood the intent of this question, and, therefore, we did not use their responses in the 
subsequent analyses.  Also, we did not use “working in right of way clearance” in the analyses for the same reason.  
Conversely, jobs in lawn care, farming, foundry and auto working were jobs rarely held within the company by the 
study participants.  No participants reported working in sod production.  The remaining occupations with 
opportunity to use herbicides (farming, lawn care, and forestry) were grouped into a single variable.   
 
Backwards linear regression was used to model serum dioxin congeners as functions of occupational exposure, 
health (self reported weight change and smoking) and self-reported occupation and diet.  Covariates remained in 
each model if the p value was less than 0.10.  Logistic regression models were also used to evaluate the associations 
of the independent variables with serum levels being above or below the 75 percentile.  The categorical results were 
similar to those with linear regression and are not discussed further. 
 
Results and Discussion 
 
In the multivariate models the personal factors of body mass index (BMI) and age, and self-reported eating local 
game and working with hazardous waste were correlated with serum levels for all 5 congeners and the TEQ.  The 
self-reported jobs in a foundry or automobile plant (jobs external to Dow) were negatively correlated for all 
congeners except PCB126.  The company chlorophenol exposure metrics created for past epidemiology studies 
based upon job descriptions were consistent with serum measures. 
 
In general, the available information on diet, occupation, and personal factors contributed to less than half of the 
variability in the serum levels for the dioxins, the furan and TEQ (Table 1).  Further, the self-reported information 
explained less than 5% of any dioxin or furan variability.  PCB levels were largely influenced by self-reported diet. 
Since the factors related to working at a foundry or an automobile plant were negatively correlated with dioxin or 
furan serum levels, this is more likely to be a measure of shorter time employed at Dow than exposure outside of 
Dow.  Most important in understanding these specific dioxin and furan congeners were BMI, age and the job 
exposure metrics from the Dow work history. 
 
 
 

  

HUMAN EXPOSURE III (INDUSTRIAL, OCCUPATIONAL AND INDOOR EXPOSURE)

Organohalogen Compounds Vol 69 (2007) P-255 2080



   

Table 1.  Partial contribution to the adjusted R2 
Congener Overall Dow job 

metrics 
BMI and 
age 

Self-
reported 
diet* 

Self-
reported 
job** 

Self-reported 
smoking and 
weight change 

TCDD 0.41 0.16 0.25 0.00 0.01 0.01 
PeCDD 0.35 0.16 0.14 0.01 0.02 0.01 
1,6-HxCDD 0.47 0.36 0.08 0.01 0.01 0.01 
4-PeCDF 0.19 0.03 0.11 0.02 0.02 0.01 
PCB126 0.18 0.00 0.04 0.09 0.00 0.04 
TEQ05 0.41 0.18 0.19 0.02 0.02 0.01 
*Diet includes eating fish from Saginaw or Great Lakes; game and fowl from Midland County.  
** job categories external to Dow 
 
We found little impact from diet upon the specific dioxins or the furan.  This finding is similar to the recent 
community study.20  The only significant finding was for PCB126 where half of explained variance was attributable 
to eating fish. The Great Lakes fish study concluded that the type of fish (trout and salmon) and source (Lake 
Michigan) were also significant predictors for PCB exposure.5  We did observe a relationship with the 5 congeners 
and with the TEQ for eating game, primarily deer, in the last 12 months.  However, this effect was very small and 
contributed very little relative to other exposures, age and amount of body fat.   
 
We also discovered some limitations with the questionnaire.  It was clear that participants did not understand some 
of the survey questions.  In addition, the dietary section of the questionnaire may not have accurately captured 
opportunity for exposure.  The question we used only addressed recent consumption.  It is likely that most, if not all, 
respondents who said they ate local fish, game or fowl in the last 12 months, have done so on a regular basis for 
many years in the past.  This could even reflect overall differences in diet, such as consuming more meat overall. 
 
The current serum study is the largest industrial group ever examined for serum dioxin and furan levels. We were 
able to distinguish different dioxin profiles among former TCP and PCP workers.  The workplace exposure metrics 
were strongly related to the three dioxins analyzed.  As a result of the many years since chlorophenol exposure, 
changes in body weight, metabolism and energy expenditure likely had a considerable impact upon the congener 
elimination rate and the levels currently observed.16, 17  The job exposure metric might have been a stronger 
predictor of congener levels had the sera been collected closer to the time of exposure.  Other factors such as fish 
and game consumption and jobs outside of the chlorophenol workplace had only a minor impact on dioxin and furan 
levels, although they were major determinants for PCB levels.  Other than occupational exposure at Dow, age and 
BMI were by far the most important determinants of serum levels of the dioxin, furan and PCB levels.   
 
Acknowledgements 
 
This research was funded by The Dow Chemical Company.  Study conduct was pursuant to review and oversight by 
a Human Subjects Review Board.  We thank the participants of the study and the many Dow Health Services staff 
who recruited participants and collected sera.  In particular, Brenda Jammer and Jamye Haring were critical in the 
administrative roles for entering the questionnaire responses.   
 

  

HUMAN EXPOSURE III (INDUSTRIAL, OCCUPATIONAL AND INDOOR EXPOSURE)

Organohalogen Compounds Vol 69 (2007) P-255 2081



   

References 
 
1. Ott MG, Messerer P, Zober MA.  Int Arch Occup Environ Health 1993. 65(1): p. 1-8. 
2. Flesch-Janys D, Becher H, Gurn P, Jung D, Konietzko J, Manz A, Papke O.  J Toxicol Environ Health 

1996. 47: p. 363-378. 
3. Schecter A, Jiang K, Papke O, Furst P, Furst C.  Chemosphere 1994. 29(9-11): p. 2371-2380. 
4. Papke O, Ball M, and Lis A.  Chemosphere 1992. 25(7-10): p. 1101-1108. 
5. Falk C, Hanrahan L, Anderson HA, Kanarek MS, Draheim L, Needham L, Patterson D.  Environ Res 1999. 

80: p. S19-S25. 
6. Fierens G, Eppe G, De Pauw E, Bernard A.  Occup Environ Med 2005. 62: p. 61-62. 
7. Pless T, Schneider F, Steiner M, Karmaus W.  Chemosphere 1993. 26(6): p. 1109-1118. 
8. Collins JJ, Bodner K, Burns CJ, Budinsky RA, Lamparski LL, Wilken M, Martin GD, Carson ML, 

Rowlands JC.  Chemosphere 2007. 66: p. 1079-1085. 
9. Sweeney MH, Fingerhut MA, Patterson DG, Connally LB, Piacitelli LA, Morris JA, Greife AL, Hornung 

RW, Marlow DA, Dugle JE, Halperin WE, Needham LL.  Chemosphere 1990. 20(7-9): p. 993-1000. 
10. Michalek JE, Pirkle JL, Caudill SP, Tripathi RC, Patterson DG, Needham LL.  J Tox Environ Hlth 1996. 

47: p. 209-220. 
11. Landi MT, Consonni D, Patterson DG, Needham LL, Lucier G, Brambilla P, Cazzaniga MA, Mocarelli P, 

Pesatori AC, Bertazzi PA, Caporaso NE.  Environ Health Perspect 1998. 106: p. 273-277. 
12. Collins JJ, Bodner K, Wilken M, Haidar S, Burns CJ, Budinsky RA, Martin GD, Carson ML, Rowlands, 

JC.  J Exp Sci and Environ Epi (in press). 
13. Phillips DL, Pirkle JL, Bernert JT, Henderson LO, Needham LL.  Arch Environ Contam Toxicol 1989. 18: 

p. 495-500. 
14. van den Berg M, Birnbaum LS, Denison M, DeVito M, Farland W, Feeley M, Fiedler H, Hakansson H, 

Hanberg A, Haws L, Rose M, Safe S, Schrenk D, Tohyama C, Tritscher A, Tuomisto J, Tysklind M, 
Walker N, Peterson RE.  Toxicology Sciences 2006. 93: p. 223-241. 

15. Ott MG, Olsen RA, Cook RR, Bond GG.  J Occup Med 1987. 29(5): p. 422-429. 
16. Aylward LL, Brunet RC, Carrier G, Hays SM, Cushing CA, Needham LL, Patterson DG, Gerthoux PM, 

Brambilla P, Mocarelli P.  J Exp Anal Environ Epi 2005. 15: p. 51-65. 
17. Emond C, Michalek JE, Birnbaum LS, DeVito MJ.  Environ Health Persp 2005. 113(12): p. 1666-1668. 
18. Michalek JE, Tripathi RC.  J Tox Environ Hlth 1999. Part A, 57: p. 369-378. 
19. Lorber M, Phillips L.  Environ Health Perspect 2002. 110: p. A325-32. 
20. Garabrant DH, Franzblau A, Lepkowski J, Anriaens P, Hedgeman E, Knutson K, Zwica L, Chen Q, Olson 

K, Ward B, Towey T, Ladronka K, Sinibaldi J, Chang SC, Lee C, Gwinn D, Sima C, Swan S, Gillespie B.  
Organohalogen Compounds 2006 68: p. 225-228. 

 
 

  

HUMAN EXPOSURE III (INDUSTRIAL, OCCUPATIONAL AND INDOOR EXPOSURE)

Organohalogen Compounds Vol 69 (2007) P-255 2082




