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Abstract 
We examined death rates among 246 chemical manufacturing workers in Midland, Michigan who developed 
chloracne after exposure to trichlorophenol and/or pentachlorophenol. Workers diagnosed with chloracne had 
higher serum dioxin levels than those without chloracne. Among the chloracne diagnosed workers, the 
standardized mortality ratio for all cancers combined was 0.9 (95% Confidence Intervals (CI) 0.6-1.4), lung 
cancer was 0.4 (95%CI 0.1-1.0), non-Hodgkin’s lymphoma was 1.9 (95%CI 0.2-6.8) and soft tissue sarcoma was 
13.6 (95%CI 1.6-49.2). We observed no trend with increasing exposures to dioxins. Since the number of 
observed deaths is small, these findings will have to be evaluated in the context of other studies of persons with 
chloracne and other studies of chlorophenol workers. However, we see no evidence of increased death rates 
among these workers with chloracne. 
 
Introduction 
Chloracne, an acute dermatological condition, was first described over a century ago and was initially thought to 
be caused by occupational exposure to nascent chlorine. Later, it was recognized that chloracne could be caused 
by exposure to a variety of cyclic organochlorine compounds including dioxins and furans. Much of the research 
has focused on exposures to 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD) with respect to chloracne since it has 
been recognized as a “hallmark” of this exposure. Persons with exposures to PCBs and pentachlorophenol also 
have developed chloracne, and dioxin or furan contaminants in these products were thought to be the cause.  
 
Table 1. Current and modeled area under the curve (AUC) levels of selected dioxin congeners for chlorophenol 
workers with and without chloracne. 

Current Levels (ppt)  
Mean (Range)  

Modeled Area Under the Curve (ppt-years) 
Mean (Range)  

Dioxin Congener 

Chloracne (n=70) No Chloracne 
(n=295) 

Chloracne (n=246) No Chloracne 
(n=1,946) 

2,3,7,8-TCDD 23 
(1-176) 

12 
(0-145) 

12,258 
(6-112,253) 

1,918 
(0-69,236) 

1,2,3,6,7,8-HxCDD 197 
(25-1,080) 

83 
(8-647) 

16,671* 
(14-182,944) 

3,063* 
(0-137,293) 

1,2,3,4,6,7,8-HpDD 205 
(10-1,750) 

84 
(5-2,630) 

307,752 
(0-4,390,948) 

50,034 
(0-4,987,458) 

OCDD 3,119 
(67-45,100) 

842 
(45-31,100) 

899,018 
(144-10,756,856) 

146,612 
(2-11,418,828) 

TEQ 82 
(12-274) 

49 
(3-328) 

17,093 
(8-113,366) 

2,739 
(0-70,213) 

 * These totals include the sum of 1,2,3,4,7,8-, 1,2,3,6,7,8-, and 2,3,4,6,7,8-HxCDD. 
 
Chloracne is an acute condition with the duration of symptoms related to the level of the dioxin or furan 
exposure.1 It usually appears within a couple months after high exposure and disappears in most cases within a 
year but can persist for 30 years.2 There have been estimates of the level of TCDD exposure required to result in 
chloracne. Severe cases of chloracne appeared at 12,000 ppt of TCDD in lipid-adjusted serum, but milder cases 
occurred at 650 to 1200 ppt.1-3 It is also speculated that chloracne may occur at lower serum levels if the route of 
exposure is skin absorption.4 Not all persons with high exposure to dioxins develop chloracne, but all persons 
with chloracne have high dioxin body levels.2,5 While the most well known outbreaks of chloracne occurred after 
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a single high exposure, chloracne also likely occurs after continual lower exposures allowing the dioxins to 
accumulate in the body.6 
 
Some researchers have proposed that a chloracne episode is a sentinel event with no health effects occurring in 
its absence.7 However, others have proposed that chloracne occurs at exposure levels well above those necessary 
to cause health effects such as cancer.8 We examine cancer levels among 246 chloracne cases diagnosed in 
chlorophenol workers in Midland, Michigan to determine if cancer levels are related to dioxin exposures. We 
examine all major cancer sites, with a focus on the cancers that IARC concludes were seen in some studies. 
These cancers include all cancers combined, lung cancer, non-Hodgkin’s lymphoma (NHL), and soft tissue 
sarcoma.9 Some non-cancer effects such as type 2 diabetes and ischemic heart disease have also been 
occasionally associated with dioxin exposures and we report on deaths associated with these causes as well.10,11  
 
Materials and Methods 
Among the 2,192 chlorophenol workers in Midland, Michigan, 246 cases of chloracne have been identified.6,12 
The diagnosis of the chloracne cases was based on a joint assessment with NIOSH and the company. 
Person-years at risk were accumulated from January 1, 1940, from the date at which chloracne diagnosed, or the 
first exposure to TCP or PCP whichever is later. Vital status follow-up has been completed through 2003. Death 
certificates were obtained from the states in which the employees died. Standardized mortality ratios (SMRs) for 
cause-specific mortality of the TCP workers compared to the US population are calculated using OCMAP.13 
  
Table 2. Observed deaths, standardized mortality ratios (SMRs), and 95% confidence intervals (CI) by cause 
among 246 male workers with chloracne compared to the US population. 
Cause of Death (ICDA-10 Rubric) Obs Exp SMRs 95% CI 
All causes ()   INSERT CODES BELOW? OR OMIT? 95 113.6 0.7 0.7-1.0 

Total malignant neoplasms () 27 28.8 0.9 0.6-1.4 
Buccal cavity & pharynx 1 0.6 1.6 0.0-8.6 
Digestive organs & peritoneum 6 7.0 0.9 0.3-1.9 
Lung 4 10.0 0.4 0.1-1.0 
Prostate 1 2.7 0.4 0.0-2.1 
Bladder & other urinary 2 0.8 2.5 0.3-9.1 
Kidney 0 0.7 0.0 0.0-5.1 
Malignant melanoma of skin 0 0.5 0.0 0.0-8.2 
Central nervous system 2 0.7 2.8 0.3-10.2 
Hodgkin’s disease 0 0.1 0.1 0.0-28.8 
Non-Hodgkin’s lymphoma 2 1.1 1.9 0.2-6.8 
Leukemia & aleukemia 1 1.1 0.9 0.0-5.2 
Cancer of all other lymphopoietic tissue 0 0.5 0.0 0.0-7.4 
Soft tissue sarcoma 2* 0.1 13.6 1.6-49.2 

Diabetes 2 2.3 0.9 0.1-3.2 
Ischemic heart disease 35 31.7 1.1 0.8-1.5 

Persons 246    
Person-years of observations 7,364    
Unable to locate death certificate 0    
 * Includes one misclassified renal clear-cell carcinoma  
 
We developed exposure estimates for all 246 workers with chloracne from a dioxin serum evaluation of 375 
workers using a first-order toxicokinetic model. Since these workers may have developed chloracne from either 
exposures on either the trichlorophenol (TCP) or pentachlorophenol (PCP) processes, we must consider the 
different congener profiles for TCP and/or PCP exposures.14 Therefore, we modeled TCDD, hexa-chlorinated 
dioxins (sum of 1,2,3,4,7,8-, 1,2,3,6,7,8-, and 2,3,4,6,7,8-hexachlorodibenzo-p-dioxin [HxCDD]), 
1,2,3,4,6,7,8-heptachlorinated dibenzo-p-dioxin (HpCDD), octachlorodibenzo-p-dioxin (OCDD) and toxic 
equivalency for these dioxins only based on TCDD toxicity equivalents (TEQ). We then estimated the area under 
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the curve for each congener and the TEQ taking into account dioxin exposures during workplace chlorophenol 
exposures. The area under the curve for these congeners and the TEQ represent an estimate of the total 
cumulative workplace dioxin exposure above background at any point in a career, although the exposure 
estimates derived for these workers may not be translatable to environmental or other exposure estimates 
discussed elsewhere.15  
 
Table 1 presents the current dioxin levels for the 70 chlorophenol workers with chloracne and the 295 
chlorophenol workers without chloracne who took part in the serum dioxin study. These data were used to 
develop cumulative exposure estimates for the 246 workers with chloracne and the 1,946 without chloracne. For 
every congener and the TEQ the current mean levels are higher for the workers with chloracne compared to 
workers without chloracne. For instance, workers diagnosed with chloracne had a current mean OCDD of 3,119 
ppt compared to 842 ppt for workers with no diagnosed chloracne. However, for each congener examine there is 
considerable overlap in the ranges. As expected when these current dioxin levels are modeled to estimate the 
AUC in ppt-years, the workers diagnosed with chloracne have higher mean levels than workers without 
chloracne but there is still considerable overlap in the ranges. Using these model values, we constructed 2 
exposed groups for the 246 workers diagnosed with chloracne by dividing the person-years approximately 
equally in each group while achieving whole number cut points. 
 
Results and Discussion 
Table 2 presents the SMR for selected causes of death and cancers. Deaths in the categories all causes and all 
cancers are at or below expected levels. Specific cancer sites that have been associated with TCDD exposures by 
IARC include lung cancer, non-Hodgkin’s lymphoma (NHL), and soft tissue sarcoma (STS). Observed deaths 
from lung cancer (4 observed, 10.0 expected) are below expected levels while observed death for NHL (2 
observed, 1.1 expected), and STS (2 observed, 0.1 expected) are above expected levels. The 2 deaths for STS 
represent a statistically significant excess although one case has been recognized to have a mis-attributed cause 
of death recorded on the death certificate.16 SMRs for cancers of other sites are unremarkable. The observed 
number of deaths from diabetes is slightly below expected levels and ischemic heart disease is slight above 
expected levels. 
 

Figure 1. Standardized mortality ratios (SMR) and 95% confidence intervals by part per trillion 
(ppt) years of TEQ exposure for all cancers combined.
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We examine disease risk by exposure levels in Figure 1 for all cancers combined using modeled estimates of the 
TEQ AUC. The SMRs and 95% confidence intervals (95%CI) for the two TEQ exposure categories for all 
cancers combined are shown. Both SMRs are less than 1.0 and are consistent with no increased risk for either 
low or highly exposed workers with chloracne. The same analysis for ischemic heart disease (not shown) shows 
similar levels and patterns.    
 
We find workers diagnosed with chloracne from TCP, PCP or both have dioxin exposure levels much higher than 
workers who are not diagnosed with chloracne. However, there is considerable overlap in the ranges of 
exposures between the workers with and without chloracne indicating that not all workers with high dioxin 
levels develop chloracne. Death rates and cancer rates among the workers diagnosed with chloracne are 
comparable to the US population and we see no increasing rates with increasing exposure. We did observe a 
statistically significant increase in STS based on 2 deaths. However, the small numbers, and the fact that one of 
the cases was misclassified, argue for caution in assessing etiology. If, as has been argued, a chloracne episode is 
a sentinel event with no health effects occurring in its absence, we find little evidence for increased risk of cancer, 
ischemic heart disease, or diabetes. However, these findings will have to be evaluated in the context of other 
studies of persons with chloracne and chlorophenol workers. 
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