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Introduction
Anniston, Alabama was the site of a production facility where approximately half of the total
U.S. production of polychlorinated biphenyls (PCBs) occurred, from the 1930s to 1970s. Earlier
ATSDR investigations detailing the extent of exposure to PCBs in Anniston communities found high
concentrations of PCBs present in the environment and local residents. We conducted the Anniston
Community Health Survey (ACHS) from 2005-2007 to investigate further PCB exposure and potential
health effects in 765 participants [1-2]. Several studies conducted in the ACHS cohort found positive
associations between PCBs and diabetes, hypertension, and lipids [3-5]. We have also previously
reported on concentrations of dioxin-like compounds in a pilot study (subset) of the Anniston Community
Health Survey participants (ACHS, n=65), and found elevated concentrations of non-ortho-substituted
PCBs [6].

The commercially produced PCBs (different types of Aroclor products) have been shown to be
contaminated with small amounts (10-1,000 pg/mg) of polychlorinated dibenzofurans (PCDFs). The
heating or burning of PCBs is known to produce PCDFs, smaller amounts polychlorinated terphenyls
(PCTs) and polychlorinated quaterphenyls (PCQs), and traces of polychlorinated dibenzo-p-dioxins
(PCDDs) [7]. Today, uncontrolled burning of residential waste (outdoor/backyard trash burning) is
considered to be the single largest source for releasing dioxins and dioxin-like PCBs, such as PCB 169, in
the United States, in contrast to a larger contribution of historical releases by various industrial operations
in the past [8-9]. We present here the toxic equivalence factors of PCDDs, PCDFs, mono-ortho and non-
ortho PCBs TEQs, and concentrations of non-ortho PCBs in human sera from a follow-up study of the
Anniston Community Health Survey (ACHS II) participants.

Materials and Methods
Study Design and Population
All surviving ACHS participants that had a PCB measurement were eligible for ACHS II. A total of
359 follow-up study participants were enrolled in 2014, which accounted for 82% of those located and
successfully contacted. Details of the subjects’ recruitment and enrollment were published elsewhere
[10]. Data collection occurred in 2014, followed by analytical testing in 2015. Demographic information,
medical and family history, self-reported health behaviors and health conditions, and individual
medications were recorded. In addition to ortho-PCBs measured in ACHS, participants of ACHS II were
tested for dioxins, dioxin-like PCBs, flame retardants and other chemicals, and heavy metals that were
not measured in the first phase of the study from 2005-2007. The study was reviewed and approved by
the appropriate Institutional Review Boards.

Laboratory and Statistical Analyses
Generally, 18-20 mL of serum was collected from each participant for dioxin analyses. After blood
samples were centrifuged, the sera were aliquoted and stored at -20°C until shipped on dry ice to
the laboratory at the Centers for Disease Control and Prevention’s National Center for Environmental
Health, where they were stored at
-70°C before analyses. Seven PCDD, ten PCDF, and three non-ortho PCB congeners (PCBs 81, 126, and
169) were measured in the sera by the laboratory. Serum samples were spiked with a mixture of 13C12-
labeled PCDDs/PCDFs and non-ortho PCBs as internal standards. The analytes were isolated from
serum by a C18 solid-phase extraction followed by a multicolumn automated cleanup and enrichment
procedure [11]. Samples were processed in batches of 10, which included a method blank and two quality
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control samples that were aliquots of pooled bovine sera spiked with PCDDs, PCDFs, and non-ortho
PCBs. The analytes were quantified using selected ion monitoring, high-resolution (10,000 resolving
power) mass spectrometry. The mono-ortho-substituted PCB congeners (mo-PCBs) were measured by
the same laboratory using high-resolution gas chromatography/isotope-dilution high-resolution mass
spectrometry as described previously [12].
Serum total lipids were calculated by the enzymatic “summation” method using triglyceride and total
cholesterol measurements [13]. Values below detection limits were substituted with the congener-
specific limit of detection divided by the square root of 2. PCDD, PCDF, and PCB congeners have
each been assigned a potency value relative to 2,3,7,8-TCDD (toxic equivalency factor, TEF). The TEF
values were multiplied by the respective congener concentration to give the congener’s toxic equivalency
(TEQ) under the World Health Organization scheme; congener-specific TEQs were summed for a total
TEQ [14]. Thus, the dioxin-like toxicity contribution of each chemical class could be compared. The
differences among the TEQ percentiles were statistically significant at α<0.05 when confidence intervals
were mutually exclusive [15]. This was a conservative but robust method for rejecting a null hypothesis.
A total of 338 participants were included in the statistical analyses, having met inclusion criteria and
quality control, as well as having available covariate information.

Results and Discussion
Table 1 shows demographic characteristics of ACHS II participants by race. All study participants were
either White or African American; one participant who reported being American Indian and White was
included in the statistical analyses as White. The median age for Whites was about 3 years higher than
that for African Americans, but the overall range between the two groups was roughly identical (26-87
years). Their total years of residence in Anniston were also similar. African Americans have a slightly
higher BMI than Whites, which was statistically significant, with the majority of the cohort being obese
(BMI>30). The cohort was also largely female (72.4%).

Table 2 shows 90th percentiles for the four groups of dioxin-like chemicals and total dioxin TEQ for
Anniston participants and for NHANES 2001-2 (>20 years of age) by race. We compared our data with
the NHANES 90th percentiles as a marker of unusual exposure because the concentrations for many
congeners were below LOD in the NHANES results (e.g., 50th or 75th percentiles16-17). As shown in
Table 2, non-ortho PCB TEQ, mono-ortho PCB TEQ, and total dioxin TEQ were significantly higher
in Anniston African Americans than in NHANES non-Hispanic Blacks (p<0.05). Anniston Whites had
a significantly higher non-ortho PCB TEQ (p<0.05).

Because the samples for ACHS II were collected 12 years later than in NHANES 2001-2, we expected
to see lower concentrations of both PCDD TEQ and PCDF TEQ in ACHS II (assuming the absence
of a major source(s) of PCDDs and PCDFs) as shown in Table 2. Total dioxin TEQ was also lower in
Anniston Whites than in NHANES Whites. Generally, declining concentrations of dioxins have been
observed in the populations of the U.S. and other industrialized countries since the 1980s.

The 90th percentiles of non-ortho PCB TEQ were about three times higher in Anniston African-
Americans than in NHANES 2001-2 non-Hispanic blacks (32.3 vs. 9.8 pg/g lipid). Compared to
NHANES 2001-2 non-Hispanic Whites, Anniston Whites also have elevated levels, albeit to a lesser
degree (10.3 vs. 8.4 pg/g lipid). Mono-ortho PCB TEQ was about two times higher in Anniston African-
Americans at the 90th percentile and still marginally elevated in Whites compared to NHANES 2001-2.

Within the ACHS II cohort, total dioxin TEQ was over two times higher in Anniston African-Americans
than in Whites because of increases in non-ortho PCB TEQ and to a lesser degree, mono-ortho PCB
TEQ. PCDD TEQ was also marginally elevated in Anniston African-Americans vs. Whites, but that was
not statistically significant (confidence intervals overlapped).

Consequently, the proportion of non-ortho PCB TEQ contribution to the total dioxin TEQ in Anniston
African-Americans, was about two and a half times higher (47%) than in Anniston Whites or NHANES
non-Hispanic Blacks and non-Hispanic Whites (~20%). Proportions of mono-ortho PCB TEQ were
about two times higher in both African-Americans and Whites (10% vs 5%).

In Table 3, we compared 50th percentiles of non-ortho PCBs, PCBs 126 and 169, from a pilot study
conducted in Anniston in 2007 (a subset of ACHS, n=65) and from the same participants of ACHS
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II. Of these, 35 participants had data for the two time points. We found that PCB 126 concentrations
decreased slightly over time from 2007 to 2014. For PCB 169, a slight increase was observed for both
African Americans and Whites. None were statistically significant. The small sample size precludes us
from making any firm inferences with these observations. Earlier we have shown that the concentrations
of PCBs 126 and 169 in Anniston residents have concentrations of no-PCBs several times higher than
those in the general US population (NHANES 2003-4).18

Re-analyses of archived Aroclor samples over the last decade or so by several different groups clearly
showed the presence and ranges of PCBs 126 and 169 in most of commercial products analyzed
(mostly in Aroclor 1232, 1242, 1248, 1254) [19-21]. The present data suggest that while non-ortho
PCBs generally constituted a small mass of the produced Aroclor products, it is plausible that Anniston
residents were exposed to these congeners from the production and disposal of PCB-containing waste.
Some contribution from burning of trash, cultural practices, or other sources cannot be excluded.

In conclusion, this is the largest sample of Anniston residents to date in which PCDDs, PCDFs, and
coplanar PCBs have been measured. The results support the findings from the pilot study of 65 volunteers
from the ACHS whose blood were collected in 2007. We still observed elevated levels of total dioxin
TEQs, mainly due to elevation in non-ortho PCB TEQs and mono-ortho TEQs in African Americans. The
concentrations of PCBs 126 and 169 were elevated in both 2007 and 2014 samples relative to NHANES
2001-2, but the median concentrations measured in 2014 were lower than in 2007.
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Table 1. Demographics of participants of ACHS II. 

Characteristic African-Americans (n=172) Whites (n=166) Total (n=338) 

                                                                                                                                                  Median (Range) 

Age (years) 61 (26-86) 64 (27-87) 63 (26-87) 

                                           Median (Interquartile Range) 

BMI (kg/m2) 31.5 (26-37.2) 29 (25.3-35)a 30 (26-36.2) 

Total years of residence 54 (40-64) 55 (40-64) 54 (41-64) 

    

                                             Percentage (non-missing) 

Female 132 (76.7%) 113 (68.1%)a 245 (72.4%) 

Reside in west Anniston 162 (94.2%) 132 (79.5%)a 294 (87%) 

    
ap<0.05 for African-Americans compared with whites using Fisher’s exact test.  

 

 

Table 2. Dioxin TEQs in pg/g lipid (90th percentile) for Anniston participants and in the U.S. general population by race group. 

 
                 Anniston (2014)                                          NHANES (2001-2) a 

             90th percentile (95% CI)                               90th percentile (95% CI)                   

TEQ 

African 

American 

(n=172) 

White 

(n=166) 

Non-Hispanic 

Black (n=212) 

Non-Hispanic 

White (n=640) 

PCDD TEQ 21.6 (18.8-31.1) 16.8 (15.4-22.3) 29.4 (22.9-43.9) 27.5 (21.1-32.2) 

PCDF TEQ 5.6 (4.9-7.3) 4.1 (3.6-4.8) 7.9 (6.2-9.5) 7.3 (6.5-8.7) 

Non-ortho PCB TEQ 32.3 (29.4-48.4)b 10.3 (7.3-13.1) 9.8 (6.6-12.1) 8.4 (7.5-9.4) 

Mono-ortho-PCB TEQ 6.8 (5.4-7.7)b 3.2 (2.6-3.9)b 2.5 (1.8-3.2) 2.1 (1.7-2.4) 

Total TEQ 69.2 (64.8-96.9)b 31.7 (29.7-40.0) 47.6 (38.1-64.5) 43.6 (36.9-51.2) 

aPatterson et al. 200816; 2005 WHO TEFs were used to calculated TEQs14. 
bDifference statistically significant at α<0.05 compared to NHANES when confidence intervals mutually exclusive. 

 

 

Table 3. Non-ortho PCBs concentrations in pg/g lipid (50th percentile) for Anniston studies participants in 2007 and 2014.  

 
                 Anniston (2007)                                          Anniston (2014) 

             50th percentile (95% CI)                               50th percentile (95% CI)                   

Congener 
African American 

(n=26) 

White 

(n=9) 

African American 

(n=26) 

White 

 (n=9) 

PCB 126 107 (39.6-239)   17.5 (7.3-70.1) 94.1 (29.1-191.1)     16.0 (0-64.0) 

PCB 169 31.6 (20.9-48.4)  16.8 (9.1-70.1)   37.6 (24.9-72.4)     20.8 (14.0-44.8) 
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