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Background: Autoimmune thyroid disease (AITD) is the main cause of

hypothyroidism in women of childbearing age. Bisphenol A (BPA) is an

environmental factor affecting AITD. This study aims to investigate relationship

between BPA and AITD in women of childbearing age, thereby contributing novel

evidence for the prevention of hypothyroidism in this specific demographic.

Methods: A total of 155 women of childbearing age were enrolled in this study,

including the euthyroid group comprised 60 women with euthyroidism and

thyroid autoantibodies negativity and the AITD group consisted of 95 women

with euthyroidism and at least one thyroid autoantibody positivity. The general

information, thyroid function, thyroid autoantibodies, and thyroid ultrasound

results of the two groups of women of childbearing age were recorded. Urinary

BPA and urinary BPA/creatinine were detected. The difference of BPA levels

between the two groups was compared. logistic regression was used to analyze

the correlation between BPA and AITD.

Results: The proportion of multiparous and serum thyroid stimulating hormone

levels were significantly higher in the AITD group compared to the euthyroid

group. Logistic regression analysis revealed that BPA levels did not exhibit a

statistically significant association with AITD. Spearman correlation analysis

revealed a statistically significant correlation between BPA and urinary iodine

levels (r=0.30, P < 0.05), as well as a correlation between urinary BPA and free

tetraiodothyronine (FT4) levels (r=0.29, P < 0.05).

Conclusion: This study revealed a correlation between urinary BPA levels and

FT4 levels. However, it did not establish a relationship between BPA and AITD in

women of childbearing age.
KEYWORDS

autoimmune thyroid disease, thyroglobulin antibody, bisphenol A, anti-thyroid
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Background

Bisphenol A (BPA, 4,4´-isopropylidenediphenol) is a key

component in the production of polycarbonate, epoxy resins, and

various polymer materials. It is commonly utilized as an additive in

food containers, medical devices, plastics, and various other

products (1). BPA can influence autoimmunity directly and

indirectly, including exogenous estrogen effects, interference with

T cell aggregation, elevated prolactin levels, disruption of

cytochrome P450, and the generation of reactive oxygen species

(2–4). Autoimmune thyroid disease (AITD) stands as a prominent

cause of hypothyroidism among women of childbearing age (5).

The impact of hypothyroidism on women of childbearing age can

have far-reaching consequences. Hypothyroidism may disrupt the

menstrual cycle and ovulation, potentially leading to infertility,

while during pregnancy, it heightens the risk of adverse outcomes

like miscarriage, preterm birth, premature rupture of membranes,

and eclampsia (6). AITD is primarily characterized by the presence

of autoantibodies against thyroid antigens in the bloodstream,

including thyroglobulin antibody (TGAb), anti-thyroid peroxidase

antibody (TPOAb), thyrotropin receptor (TRAb), and more (7).

The precise pathogenesis of AITD remains elusive, but both genetic

and environmental factors are recognized as pivotal contributors to

AITD (8). AITD is more prevalent among women than men (9).

Therefore, it is extremely imperative to explore the pathogenesis of

AITD and prevent hypothyroidism caused by AITD in women of

childbearing age. However, the available literature on BPA’s

association with AITD is scarce and exhibits divergent views. One

study examining the correlation between serum BPA and thyroid

autoantibodies (10) showed BPA was independently associated with

TPOAb positivity. In Chinese women, higher urinary BPA

concentration was associated with increased risk of thyroid

nodules, specifically in individuals with positive thyroid

autoantibodies (11). Contrarily, another study reported no

association between serum TPOAb and TGAb and BPA (12).

Consequently, while BPA is acknowledged as an environmental

factor impacting AITD, its effect on AITD in women of

childbearing age remains a subject of controversy. Therefore, the

primary objective of this study is to explore the relationship

between BPA and AITD in women of childbearing age, thereby

contributing novel evidence for the prevention of hypothyroidism

in this specific demographic.
Methods

Study population

The cross-sectional clinical study was conducted from January

2019 to January 2020 at the Department of Endocrinology, Peking

University International Hospital. The study received approval

from the Committee on Bioethics at Peking University

International Hospital (Ethics Batch Number: 2018-061(BMR)),

and written informed consent was obtained from all participants.

Inclusion criteria were defined as follows: (a) Female participants
Frontiers in Endocrinology 02
aged 20-45 years; (b) AITD group: thyroid autoantibody positive

(≥1 thyroid autoantibody) with euthyroidism. Euthyroid group:

thyroid autoantibody negative with euthyroidism; (c) No history of

hyperthyroidism, hypothyroidism, thyroid surgery, I131

radiotherapy, or the use of thyroid hormones or antithyroid

drugs; (d) Willingness to participate and provision of informed

consent. Exclusion criteria encompassed: (a) Individuals with severe

liver, kidney, heart, and other vital organ failure; (b) Those with

concomitant autoimmune diseases except AITD; (c) Individuals

taking medications such as amiodarone or iodine contrast agents

that could influence thyroid function. A total of 155 women

attending the Endocrinology Department of Peking University

International Hospital voluntarily enrolled in this study. The

euthyroid group comprised 60 women with euthyroidism and

thyroid autoantibodies negativity. The AITD group consisted of

95 women with euthyroidism and at least one thyroid autoantibody

positivity. This study was registered on ClinicalTrials.gov

(Identifier: NCT03932487). All women completed a questionnaire

covering their medical history related to thyroid and autoimmune

diseases, family history of thyroid disorders, age of menarche,

reproductive history, usage of iodized salt, and education level.

Additional data recorded included age, height, weight, and blood

pressure. The body-mass index (BMI) was calculated as the ratio of

weight in kilograms to height in meters squared.
Thyroid function tests

Serum samples were collected, and the following parameters

were measured using a COBAS Elesys 601 immunoassay analyzer

(Roche Diagnostics, Switzerland) in the clinical laboratory of

Peking University International Hospital: TSH (Thyroid-

Stimulating Hormone), FT4 (Free Thyroxine), FT3 (Free

Triiodothyronine), TT4 (Total Thyroxine), TT3 (Total

Triiodothyronine), TGAb, TPOAb, and TRAb. Positivity

thresholds were defined as a TPOAb titer of 34 IU/mL or more, a

TGAb titer of 115 IU/mL or more, and a TRAb titer of 115 IU/mL.
BPA

Serum BPA levels were determined through competitive

enzyme-linked immunosorbent assay (ELISA) (ABCAM,

Cambridge, UK) with a detection limit of 0.3 pg/ml. Intra- and

inter-assay precision were 7.0% and 13.6%, respectively. Based on

the quartile distribution of BPA levels, the patients were categorized

into four groups: Q1 group (< Q25), Q2 group (Q25-Q50), Q3

group (Q50-Q75), and Q4 group (> Q75).
Ultrasonography

Thyroid gland ultrasonography was conducted by a skilled

sonographer. Patients were positioned in the supine posture,

ensuring full exposure of the neck for comprehensive

examination of the thyroid gland and associated lymph nodes in
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the drainage region. Gray scale ultrasound was employed to assess

various aspects, including the number, location, shape, boundaries,

internal echoes, presence of silent halos, calcification, and lesion

size. Abnormal lymph nodes in the drainage area were scrutinized

for their shape, number, internal echoes, and measured for size. To

examine the blood flow characteristics of lesions and lymph nodes

in the drainage area, color Doppler ultrasound was utilized.

Scanning of the neck involved sagittal, transverse, and oblique

sections to optimize the visualization of both thyroid gland lobes

and the isthmus.
Sample size calculation

Drawing from previous literature, urinary BPA levels in the

AITD group were estimated to be 7.26 mg/L, with a standard

deviation(SD) of 5.78 mg/L. In contrast, the euthyroid group

exhibited estimated levels of 4.58 mg/L, with a SD of 3.15 mg/L.
To perform the statistical analysis, we set the significance level (a) at
0.05 (bilateral), while the desired statistical power (b) was set at

0.20. Utilizing PASS software, a sample size of 96 cases was

calculated as the minimum requirement for the study.

Accounting for an anticipated 10% attrition rate among subjects,

the total sample size was determined to be 107 cases.
Statistical analysis

Statistical analyses were conducted using SPSS version 17.0

(IBM, USA). Continuous data following a normal distribution were

presented as mean ± SD, while non-normally distributed data were

expressed as median (interquartile range [IQR]). Categorical data

were represented as counts and percentages. Differences between

the euthyroid group and the AITD group were assessed using the t-

test or Mann-Whitney U test for continuous data and the Fisher’s

exact test for categorical data. A multivariate logistic regression

model was applied to investigate the association between BPA levels

and AITD, TPOAb positivity and TGAb positivity. Spearman

correlation was used to determine the correlation between urinary

BPA and thyroid function, thyroid autoantibodies, and urinary

iodine. A significance level of P < 0.05 was deemed

statistically significant.
Results

Characteristics of participants

Table 1 presents the characteristics of the women participating

in this study. The study included 60 women in the euthyroid group

and 95 women in the AITD group. Notably, the AITD group

exhibited a higher proportion of multiparous women compared to

the euthyroid group (68.4% vs. 48.3%, P < 0.05). However, there

were no significant differences observed in terms of age, BMI,

education level, usage of iodized salt, and age of menarche

between the two groups.
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Table 2 illustrates the comparison of thyroid function, urinary

iodine, urinary BPA levels, and the prevalence of thyroid nodules

between the two groups. Serum TSH levels were significantly higher in

the AITD group compared to the euthyroid group (median TSH 2.18

uIU/ml, IQR [1.55-3.28] uIU/ml vs. 1.83 uIU/ml, IQR [1.48-2.34]

uIU/ml, P < 0.05). However, there were no significant differences

observed between the two groups in terms of urinary iodine levels,

urinary BPA levels, and the prevalence of thyroid nodules.
Incidence of AITD in groups with different
levels of BPA

Patients were categorized into four groups, Q1 to Q4, based

on quartiles of BPA levels. The incidence of AITD in these groups

was as follows: 52.6%(n=20) in Q1, 56.4%(n=22) in Q2, 64.1%(n=25)

in Q3, and 71.8%(n=20) in Q4 (Figure 1). It’s worth noting that

the differences among these groups were not statistically

significant (P > 0.05).
Multivariate logistic regression analysis

The logistic regression analysis, considering AITD, TPOAb

positivity, and TGAb positivity as categorical dependent variables,

demonstrated that BPA levels did not show a statistically significant

association with any of these variables. This observation persisted

even after adjusting for maternal age, BMI, parity, usage of iodized

salt, and age of menarche, as detailed in Table 3.
TABLE 1 Clinical characteristics in euthyroid group and AITD group.

Characteristic Euthyroid
group (n = 60)

AITD
group
(n = 95)

P
Value

Age (years),
median (Q25, Q75)

31 (28.5,36) 31 (28,34) 0.27

BMI (kg/m2), median
(Q25, Q75)

21.50 (19.76, 24.47) 21.35
(19.86,23.71)

0.623

Education level (%)

None or primary only 2 (3.3%) 12 (12.6%) 0.141

Secondary education 36 (60%) 53 (55.8%)

Higher education 22 (36.7%) 30 (31.6%)

Consumption of salt, n(%)

Iodized salt 51 (85%) 81 (85.3%) 0.643

Non-iodized salt 4 (6.7%) 9 (9.5%)

Mixed 5 (8.3%) 5 (5.3%)

Parity (%)

primipara 31 (51.7%) 30 (31.6%) 0.013

multipara 29 (48.3%) 65 (68.4%)

Age of menarche, (years),
median (Q25, Q75)

13 (12,13.7) 13 (12,14) 0.24
front
*P < 0.05.
BMI, body mass index; AITD, autoimmune thyroid disease.
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The correlation between urinary BPA and
thyroid function, thyroid autoantibodies,
and urinary iodine

Spearman correlation analysis was employed to investigate the

correlations between urinary BPA levels and thyroid function,

thyroid autoantibodies, and urinary iodine. The analysis revealed

a statistically significant correlation between BPA and urinary

iodine levels (r=0.30, P < 0.05), as well as a correlation between

urinary BPA and FT4 levels (r=0.29, P < 0.05).
Frontiers in Endocrinology 04
Discussion

This study investigated the association between BPA levels and

AITD and compared its findings to previous research (Table 4).

However, the association between elevated BPA level and AITD was

not found in this study, and some previous studies have shown

similar results. For example, one study found no significant

association between serum TPOAb and TGAb with urinary

phthalate metabolites and BPA. However, it observed that thyroid

autoantibody status influenced the relationship between certain

phthalates and thyroid hormones (12). Another study in lab

animals found that BPA could affect the expression of thyroid

hormone synthesis related genes in FRTL-5 cells of thyroid follicles

of rats without affecting TPO activity (13).

However, there were some studies that were inconsistent with

the results of this study. A research (10) on the association between

serum BPA and thyroid autoantibodies showed that BPA was

independently associated with TPOAb positivity. There was a

trend toward a significant increase in TgAb and TPOAb positive

subjects as the BPA quartile increased, especially in the highest

quartile. In Chinese women with thyroid autoantibodies positivity,

higher urinary BPA concentrations were linearly associated with

increased risk of thyroid nodules (11).

Furthermore, this study observed a correlation between urinary

BPA and FT4 levels (r=0.29, P < 0.05), which aligns with findings in

previous research. A systematic review and meta-analysis (14) on

BPA exposure and thyroid dysfunction in adults revealed a positive

correlation between BPA concentration and FT4 in females, and the

pooled correlation coefficient was 0.006 (95%CI = 0.003-0.008).

Nonetheless, there are studies that deviate from the results of this

study. A study in 6-year-old children in Korea did not find a

statistically significant relationship between urinary BPA and

thyroid hormone concentrations (15). A cross-sectional study

examined the associations of multiple chemicals with thyroid

hormones among adults in China found that BPA was not

associated with thyroid function (16). Similarly, a study on BPA

analogues and thyroid function and thyroid volume in women of

childbearing age showed no correlation between BPA and thyroid

function (17).

Differences in BPA levels may stem from the environmental

conditions of the study participants, the methods used for BPA

detection, and the characteristics of the study populations. BPA
FIGURE 1

Incidence of AITD in groups with different levels of BPA. AITD,
autoimmune thyroid disease.
TABLE 3 Multivariate logistic regression analysis.

BPA AITD TGAb
positivity

TPOAb
positivity

OR(95%CI) OR(95%CI) OR(95%CI)

Q1 Ref Ref Ref

Q2 1.167 (0.257,5.293) 1.556 (0.340,7.11) 1.111 (0.213,5.802)

Q3 1.5 00(0.344,6.532) 1.524 (0.352,6.601) 2.857 (0.612,13.336)

Q4 3 .000(0.562,16.013) 1.867 (0.392,8.894) 2.500(0.495,12.635)
BPA, bisphenol A; AITD, autoimmune thyroid disease; TG, thyroglobulin antibody; TPO,
anti-thyroid peroxidase antibody.
TABLE 2 The comparison of thyroid function, urinary iodine, urinary
BPA levels, and the prevalence of thyroid nodules between euthyroid
group and AITD group.

Compound Euthyroid
group
(n = 60)

AITD
group
(n = 95)

P Value

FT4 (pmol/L),median
(Q25, Q75)

16.30
(15.00, 18.00)

15.80
(14.6,17.30)

0.272

FT3 (pmol/L), median
(Q25, Q75)

4.50
(4.17, 5.00)

4.60
(4.20,5.10)

0.608

TT3(nmol/L), median
(Q25, Q75)

1.60
(1.50, 1.90)

1.60
(1.40,1.90)

0.802

TT4(nmol/L), median
(Q25, Q75)

100.30
(86.80, 111.80)

99.40
(87.20,112.00)

0.998

TSH (uIU/ml),median
(Q25, Q75)

1.83
(1.48, 2.34)

2.18
(1.55, 3.28)

0.016

Urine iodine (mg/L),median
(Q25, Q75)

134.50
(72.00, 204.00)

136.00
(74.25,209.25)

0.688

Urine iodine/urine
creatinine(mg/L), median
(Q25, Q75)

20.89
(12.88, 31.24)

19.94
(11.26,29.60)

0.464

Urine BPA(mg/L), median
(Q25, Q75)

1.13
(0.20, 3.47)

1.73
(0.30,8.16)

0.454

Urine BPA/urine creatinine
(mg/L), median (Q25, Q75)

0.32
(0.08, 0.88)

0.29
(0.10,1.18)

0.849

Thyroid nodule, n (%) 18 (30%) 20 (21.1%) 0.207
*P < 0.05.
AITD, autoimmune thyroid disease; FT4, free thyroxine; FT3, free triiodothyronine; TT4,
total thyroxine; TT3, total triiodothyronine; TSH, thyroid-stimulating hormone; BPA,
bisphenol A.
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levels are influenced by environmental factors, and various

detection methods, such as spectroscopy, chromatography,

ELISA, and mass spectrometry, may yield different results.

Moreover, the stability of phenolic compounds can vary

depending on sample types and storage methods. Additionally,

this study predominantly included women of childbearing age,

which differs from the previous study populations.

It’s important to note that BPA can affect autoimmune and

thyroid hormones through various mechanisms. BPA binds to

estrogen receptors to enhance the immune response by affecting

the differentiation and function of regulatory T cells and Th1/Th2

polarization (18, 19). In naive condition, administered BPA disturbed

antigen specific immune responses by reducing interleukin (IL)-2, 4,

and interferon (IFN)-gamma secretion, and increasing the IgA and

IgG2a production (20). BPA can affect thyroid hormone gene

regulation. In vertebrate experiments, microarray analysis showed

that BPA antagonized the regulation of most T(3) response genes,

suggesting that BPA mainly affects the thyroid hormone T(3)

signaling pathway and thus affects the development of vertebrates

in vivo (21). BPA was found to antagonize the action of T (3) at the

transcriptional level: BPA could replace T (3) in TRs and recruit a

transcriptional suppressor, thereby inhibiting gene expression, and

BPA inhibited T (3) stimulated transcriptional activity in a dose-

dependent manner. BPA can antagonize thyroid hormone effect

through b-TRs and affect thyroxine level (22). Protein disulfide

isomerase (PDI) regulates gene expression induced by T3, while

BPA disrupts thyroid hormone function in somsterin-3 cells by

inhibiting PDI action (23).

This study’s strengths included the inclusion of women of

childbearing age from the same area, eliminating gender and

environmental bias. Moreover, it focused on the contentious topic

of BPA and autoimmune thyroid diseases. This study, however, has

several limitations that should be acknowledged. Firstly, the sample
Frontiers in Endocrinology 05
size is relatively small, and the study design is cross-sectional.

Nevertheless, we enhanced the study’s reliability by implementing

rigorous data collection standardization, improving data analysis

accuracy, and employing scientifically robust research methods.

Additionally, BPA detection was performed using ELISA rather

than the more advanced liquid chromatography-tandem mass

spectrometry (LC-MS/MS). It’s noteworthy that in this study,

participants were categorized into four groups based on BPA

quartiles, serving as the factor variable for ordered classification.
Conclusions

This study revealed a correlation between urinary BPA levels

and FT4 levels. However, it did not establish a relationship between

BPA and AITD in women of childbearing age.
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TABLE 4 Summary of research on the correlation between BPA, thyroid autoantibodies, and thyroid function.

Author Time Country Study
population

Outcomes Correlation OR/RR, 95%CI

Choi S (12) 2015-2017 Korea Adult TPOAb,TGAb No

Wu Y (13) 2016 USA Rat TPOAb No

Chailurkit L-
o (10)

2009 Thailand ≥15 years old TPOAb, TGAb Yes TGAb 1.13 (1.00-1.27)
TPOAb1.34 (1.21-1.50)

Li L (11) 2017-2018 China Adult TPOAb, TGAb Yes In AITD group, BPA and thyroid nodule risk
was near linear

Yuan S (14) before 23rd
May 2022

– Adult FT4, TSH Yes Male FT4−0.027 (−0.030∼−0.024),
TSH −0.058 (−0.111∼−0.004)
Female
FT4 0.006 (0.003–0.008).

Jang Y (15) 2015-2017 Korea 6-year-
old children

FT4, TT3, TSH No

Yue B (16) 2017 China Adult FT4, FT3, TT4,
TT3, TSH

No

Milczarek-Banach
J (17)

2017-2019 Poland Female TSH FT4 No
FT4, free thyroxine; FT3, free triiodothyronine; TT4, total thyroxine; TT3, total triiodothyronine; TSH, thyroid-stimulating hormone; TG, thyroglobulin antibody; TPO, anti-thyroid
peroxidase antibody.
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Miśkiewicz P. Exposure to bisphenol A analogs and the thyroid function and volume in
women of reproductive age—Cross-sectional study. Front Endocrinol (2021)
11:587252. doi: 10.3389/fendo.2020.587252

18. Yoshino S, Yamaki K, Yanagisawa R, Takano H, Hayashi H, Mori Y. Effects of
bisphenol A on antigen-specific antibody production, proliferative responses of
lymphoid cells, and TH1 and TH2 immune responses in mice. Br J Pharmacol
(2003) 138(7):1271–6. doi: 10.1038/sj.bjp.0705166

19. Gao L, Dong Y, Lin R, Meng Y, Wu F, Jia L. The imbalance of Treg/Th17 cells
induced by perinatal bisphenol A exposure is associated with activation of the PI3K/
Akt/mTOR signaling pathway in male offspring mice. Food Chem Toxicol (2020)
137:111177. doi: 10.1016/j.fct.2020.111177

20. Goto M, Takano-Ishikawa Y, Ono H, Yoshida M, Yamaki K, Shinmoto H. Orally
administered bisphenol A disturbed antigen specific immunoresponses in the naïve
condition. Bioscience Biotechnology Biochem (2007) 71(9):2136–43. doi: 10.1271/bbb.70004

21. Heimeier RA, Das B, Buchholz DR, Shi Y-B. The xenoestrogen bisphenol
A inhibits postembryonic vertebrate development by antagonizing gene
regulation by thyroid hormone. Endocrinology (2009) 150(6):2964–73. doi:
10.1210/en.2008-1503

22. Moriyama K, Tagami T, Akamizu T, Usui T, Saijo M, Kanamoto N, et al.
Thyroid hormone action is disrupted by bisphenol A as an antagonist. J Clin Endocrinol
Metab (2002) 87(11):5185–90. doi: 10.1210/jc.2002-020209

23. Okada K, Imaoka S, Hashimoto S, Hiroi T, Funae Y. Over-expression of protein
disulfide isomerase reduces the release of growth hormone induced by bisphenol A
and/or T3. Mol Cell Endocrinol (2007) 278(1):44–51. doi: 10.1016/j.mce.2007.08.005
frontiersin.org

https://doi.org/10.1016/j.reprotox.2007.07.010
https://doi.org/10.1016/j.reprotox.2007.07.010
https://doi.org/10.1155/2014/743616
https://doi.org/10.1007/BF02977018
https://doi.org/10.1248/bpb.24.1064
https://doi.org/10.1067/mjd.2003.257
https://doi.org/10.1089/thy.2016.0457
https://doi.org/10.1186/s12887-020-02082-0
https://doi.org/10.1177/2042018817731073
https://doi.org/10.1186/s12902-021-00810-w
https://doi.org/10.3390/ijerph13111153
https://doi.org/10.1016/j.envint.2019.02.026
https://doi.org/10.1016/j.envint.2020.105783
https://doi.org/10.1016/j.tiv.2016.01.014
https://doi.org/10.1177/07482337231156284
https://doi.org/10.3961/jpmph.20.310
https://doi.org/10.1016/j.jes.2022.01.017
https://doi.org/10.3389/fendo.2020.587252
https://doi.org/10.1038/sj.bjp.0705166
https://doi.org/10.1016/j.fct.2020.111177
https://doi.org/10.1271/bbb.70004
https://doi.org/10.1210/en.2008-1503
https://doi.org/10.1210/jc.2002-020209
https://doi.org/10.1016/j.mce.2007.08.005
https://doi.org/10.3389/fendo.2024.1333915
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Relationship between bisphenol A and autoimmune thyroid disease in women of childbearing age
	Background
	Methods
	Study population
	Thyroid function tests
	BPA
	Ultrasonography
	Sample size calculation
	Statistical analysis

	Results
	Characteristics of participants
	Incidence of AITD in groups with different levels of BPA
	Multivariate logistic regression analysis
	The correlation between urinary BPA and thyroid function, thyroid autoantibodies, and urinary iodine

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


