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Abstract

Dioxin (PCDDs+PCDFs), is one of the most toxic chemical substances known. Although it is suspected
to cause endocrine disruption, very few epidemiological studies into its effects on human steroid
hormones have been performed. The aim of this study is to elucidate the association of dioxin exposure
with steroid hormone levels in the saliva and serum of Vietnamese women. Two areas, namely Phu Cat
(hot-spot) and Kim Bang (non-exposed area), were selected for study. The study subjects consisted of
51 and 58 women, respectively. Saliva, blood and breast milk samples were collected from subjects in
both areas. Cortisol, cortisone, dehydroepiandrosterone, androstenedione, estrone and estradiol levels in
serum and saliva were determined by liquid-chromatography/tandem mass spectrometry (LC-MS/MS);
dioxin levels in breast milk were measured by gas-chromatography-mass spectrometry (GC-MS). The
dioxin concentration in breast milk from women in the hot-spot area was 3-4 times higher than in
women from the non-exposed area. Good correlations were found between the levels of six steroid
hormones in saliva and those in serum, respectively. Salivary and serum cortisol and cortisone levels in
women from the hot spot were significantly higher than in those from the non-exposed area (P<0.001)
and those in all subjects were positively associated with dioxin levels in Vietnamese women (P<0.01).
These results suggest that dioxin influences steroidogenesis in humans. Saliva sample can be used for
hormone analysis and are therefore excellent specimens in epidemiological studies.
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Introduction

Dioxin is one of the most toxic chemical substances known and is a persistent environmental
contaminant. During the Vietnam War (1961–1971), the US Air Force sprayed over 80 million litres of
chemical herbicides on southern battlefields for general defoliation and crop destruction [1]. This
chemical herbicide was contaminated with highly toxic 2,3,7,8-tetrachlorodibenzo-p-dioxin (dioxinTCDD) [1]. Kreuzer et al. [2] have estimated that the half-life of dioxin in human adults is 7–11 years.
Although the war in Vietnam ended more than 40 years ago, dioxin hot spots have been found in and
around three former US airbases [3-5]. TCDD accumulates in the fatty tissues of the body as a result of
dioxin's lipophilic nature [6,7]. As such, studies on dioxin levels in lactating mothers are mainly
carried out using breast milk. The dioxin levels in breast milk in sprayed areas in Vietnam are still
higher than in non-exposed areas [8].
Some of the adverse effects associated with dioxin exposure may be considerably mediated by
alterations in endocrine function [9-12]. There have been a few scientific studies concerning the effect
of dioxin exposure on human sex steroid hormones in Seveso residents and chemical industry workers
[13,14]. Recently, in an epidemiological study, we demonstrated that salivary cortisol, cortisone,
estradiol and androstenedione (A-dione) levels in primiparae were related to dioxin levels in their
breast milk [15-17].
The purpose of this study was to further clarify the relationship between dioxin exposure and steroid
hormone levels in the serum and saliva of Vietnamese mothers by using a larger number of subjects
residing in a dioxin hot spot and a non-exposed area. A further aim was to compare salivary steroid
hormone levels with serum steroid hormone levels determined by liquid chromatography-tandem mass
spectrometry (LC-MS/MS) analysis.
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Materials and methods
Study area
Agent Orange/Dioxin hot-spot: The hot-spot area selected was Phu Cat Airbase, where chemical
herbicides were stored and the aircraft used to spray Agent Orange/Dioxin during the Vietnam war
washed. This site is located in Phu Cat district, Binh Dinh province, and is one of the three dioxin hot
spots in south Vietnam. The study subjects were chosen from the population that had been living in
and around Phu Cat airbase after the war. Records show that 17,000 drums of Agent Orange, 9000
drums of Agent White and 2900 drums of Agent Blue were stored there [18].
Control area: The non-exposed area selected was Kim Bang district, Ha Nam province, in the north of
Vietnam, which was not exposed to chemical defoliants during the war and is a rural area that has not
been affected by industrial pollution..
Subjects and methods
The study subjects consisted of 51 lactating women from the hot-spot area and 58 from the nonexposed area. All mothers were aged between 20 and 30 years with children aged between 13 and 16
months at the time of the study. A sample of breast milk was collected from lactating women in
September 2008 and serum and saliva samples were collected from the same subjects one year later
(August). All blood, breast milk and salivary samples were collected in the morning (between 8.00 and
10.00 AM). The temperature in both areas was around 30-340C at this time. After local government
officials and medical staff had explained the purpose of this study to 109 lactating females (51 from
the hot-spot area and 58 from the non-exposed area), all agreed to participate in the study. A sample of
about 20 mL of breast milk was collected from all participants. Saliva samples (2–3 mL) were selfcollected with support from medical staff. After 5 min rinsing the mouth with water, the saliva
collected directly into a 15-mL bakelite test tube. Medical staff used a 10-mL syringe to extract about
10 mL of venous blood from lactating women and the serum was separated from this blood sample by
centrifugation (7000rpm x 10 minutes). The saliva and serum samples obtained were conserved in
chemically cleaned cooling containers and frozen in dry ice over several days. All samples were then
transported to Japan and were stored at -700C until analysis.
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Mothers were asked to provide information concerning their family, age, family income and residence
period. The lactating mother's body mass index was determined and compared between the two areas.
The Medical Ethics Committee of Kanazawa University approved this study (Permission number:
Health 89).
Reagents
Cortisol, cortisone, dehydroepiandrosterone (DHEA), androstenedione (A-dione), estrone and
estradiol were obtained from Sigma-Aldrich (St. Louis, MO, USA). Estrone-13C 4 , Estradiol-13C 4 and
Progesterone-13C 3 were purchased from Hayashi Chemical Co Ltd. (Oosaka, Japan). Cortisol-2H 4 was
obtained from C/D/N Isotopes (Pointe-Claire, Canada) and DHEA-2H 4 was provided by Aska Pharma
Medical Co. Ltd. (Kawasaki, Japan). 13C 12 -1,2,3,4-TCDD and 13C 12 -1,2,7,8-TCDF were obtained from
Wellington Laboratories (Canada). Picolinic acid, 2-methyl-6-nitrobenzoic acid anhydride, 4dimethylaminopyridine,

pentafluorobenzyl

bromide

and

2-fluoro-1-methylpyridinum

p-

toluenesulfonate were purchased from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan).
Triethylamine was obtained from Wako Pure Chemical Industries Ltd. (Osaka, Japan). Oasis MAX
(60mg, 3ml), Bond Elut C18 and InterSept pharm cartridges were purchased from Waters Co. (Milford,
MA, USA), Valian (CA, USA), and GL Science (Tokyo, Japan), respectively.
Reagent

A:

Picolinic

acid

(40mg),

2-methyl-6-nitrobenzoic

acid

anhydride

(40mg),

dimethylaminopyridine (20mg)/mL of tetrahydrofuran. Reagent B: 2% 2-fluoro-1-methylpyridinum ptoluenesulfonate/ ml of dichloromethane.
Instrurment
The LC-MS/MS system was as following. An API 5000 triple stage quadrupole mass spectrometer
(Applied Biosystems Inc., Foster city CA, USA ) connected to an LC-20AD pump and SIL HTC
autosampler (Shimadzu, Kyoto, Japan). An ESI ion source device was employed for estrone and
estradiol. Column: xterra-C-18 (Waters ,USA)
An API 4000 triple stage quadrupole mass spectrometer (Applied Biosystems, MDS Sciex, Toronto,
Canada) with electrospray ionization ion source, Agilent 1100 HPLC system (Agilent Techologies,
Waldbronn, Germany), and a PTC pal auto-sampler (CTC Analytics Zwingen, Switzerland) were
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employed for analysis of neutral steroids. Column: Cadenza CD-C18 (250mm x 3 mm, internal
diameter 3 um, Imtact, Kyoto, Japan)
The gas chromatography-mass spectrometry (GC-MS) system was as following. A high resolution
mass spectrometer (HRMS: JEOL MS station-JMS700) equipped with gas chromatograph (GC: HP6980, Hewlett-Packard, Palo Alto, CA). Column: ENV-5MS with 30m х 0.25 mm ID of 0.25 µm film
thickness (Kanto Chemical Co., Inc.)
Analysis of serum steroids by LC-MS/MS
The analytical procedure of serum steroids was modified with method of Yamashita et al [19] .
Human serum (200 μL) was mixed with purified water to a volume of 1.0 mL and then mixed with
cortisol-2H 4 1 ng, DHEA-2H 4 100 pg, progesterone-13C 3 100 pg, estrone-13C 4 100 pg and estradiolC 4 100 pg /100 μL as Internal standard (IS). After samples were extracted with 3 mL ethyl acetate
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and the extract applied to the Bond Elut C18 cartridge to remove impurity. After elution of steroids
fraction with 80% acetonitrile solution, the residue was reacted with reagent A [19,20]. The reaction
mixture was then applied onto an InterSept pharm cartridge to remove excess reagents. A part of
residue involved in the picolinoyl derivatives and non- derivatives steroids, were directly assayed by
LC-MS/MS as described by Yamashita [19 ] .
The estimation ions are as follows: cortisol and cortisol-2H 4 : 468.2/309.2; 472.2/454.3; cortisone and
cortisol-2H 4 : 468.2/309.2; 472.2/454.3; DHEA and DHEA-2H 4 :394.3/175.1; 398.1/179.4; A-dione and
Progesterone-13C 3 : 287.4/109.0; 318.3/100.1; estrone and estrone-13C 4 : 376.1/156.9; 380/160.8;
estradiol and estradiol-13C 4 : 483.3/264.0; 487.2/268.2. The lowest analytical limits for cortisol,
cortisone, DHEA, A-dione , estrone and estradiol were 50, 50, 5, 10, 1.0 and 0.5 pg/assay, respectively.
The accuracy and precision were both within ±20% of the lowest level in intra-day and inter-day
assays and both were within ±15% for concentrations other than the lowest concentration.
Analysis of salivary steroids by LC-MS/MS
Human saliva (1.0 - 1.5 mL) was mixed with the same IS in analysis of serum steroid. The extracts
were then applied to a Bond Elut C18 cartridge to separate the polar (cortisol and cortisone) with 20%
acetonitrile solution (2 mL) and non-polar steroid fractions using 80% acetonitrile solution (3 mL).
The non-polar fraction was applied to an ion cartridge column prewashed with methanol (3 mL), 0.1 M
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NaOH (1 mL) and water (3 mL), successively. The non-polar fraction was separated into a neutral
fraction with methanol and an estrogen fraction (estrone and estradiol) with 1% formic acid-methanol.
The organic phase for both fractions was evaporated to dryness. After deriving of the estrogen fraction
with 2% pentafluorobenzyl bromide-acetonitrile (100 μL) and 5% KOH-ethanol solution (50 μL) at
530C, the derivatives obtained were furthermore separated into the estrone and estradiol derivatives on
an Intersept SI cartridge column using 15-50% ethyl acetate–hexane. The estrone-3-pentafluorobenzyl
fraction was converted to the estrone-3-pentafluorobenzyl-17-hydorazino-2-methylpyridinium
derivative by method of Higashi [21], whereas the estradiol-3-pentafluorobenzyl fraction was
converted into estradiol-3-pentafluorobenzyl-17-O-2-pyridinium ether using reagent B [22]. Both
derivatives were purified on a Bond Elut C18 cartridge column to remove excess reagent and purified
estrogen derivatives were mixed with 100 μL of 1% formic acid/methanol/acetonitrile (20:1:1) and a
20 μL aliquot of this solution was estimated by LC-MS/MS.

The neutral fraction was treated

according to the picolinic acid method described above for serum samples. The fraction obtained was
estimated by LC-MS/MS (API 5000). The estimation ions are as follows: cortisol and cortisol-2H 4 :
363.3/121.2; 367.3/121.2; cortisone and cortisol-2H 4 : 361.2/162.8; 367.3/121.2; DHEA and DHEA2

H 4 : 394.3/175.1; 398.1/179.4; A-dione and Progesterone-13C 3 : 287.4/109.0; 318.3/100.1; estrone and

estrone-13C 4 : 556.3/313.1; 560.3/379.3; estradiol and estradiol-13C 4 : 544.2/339.0; 548.2/343.2.
The lowest analytical limits for cortisol, cortisone, DHEA, A-dione , estrone and estradiol were 50, 50,
2, 10, 0.5 and 0.1 pg/assay, respectively. The accuracy and precision were both within ±20% of the
lowest level in intra-day and inter-day assays and both were within ±15% for concentrations other than
the lowest concentration.
GC-MS analysis of dioxin in breast milk
Breast milk samples were analyzed following a previously reported method [8,23]. After extraction of
the fat from 10 g of breast milk, 40-80 pg of 17-13C 12 labeled PCDD/PCDF congeners was added as an
internal standard.
A series of purification operations involving alkali digestion and chromatography on a multi-layer
silica gel column and an active carbon-dispersed silica gel column were carried out to separate and
collect the PCDDs/PSDFs. The final sample extract was evaporated to dryness under a nitrogen steam,
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then re-dissolved by addition of 20 μL of nonane containing 40 pg of 13C 12 -1,2,3,4-TCDD and 13C 12 1,2,7,8-TCDF as external standards. Finally, determination was performed using a gas chromatograph
equipped with a high resolution mass spectrometer .
Dioxin analyses were performed in the selected ion-monitoring mode (SIM) at a resolution of 10,000
and converted to toxic equivalents (TEQ) using the World Health Organization (WHO) toxicity
equivalency factors (TEFs) [7,24].
Quality control and quality assurance were implemented following guidelines described in the
Japanese Industrial Standard (JIS). Eligibilities for dioxin analysis were certified using natural
reference powder milk CRM607 provided by the European Commission. The recovery rate was
typically in the range 60-95% and the detection limits determined at a signal-to-noise ratio of 3 (S/N =
3) on a lipid basis. Values for congener concentrations below the detection limits were set to half the
detection limits.
Statistical analysis
Data are indicated as mean ± standard deviation in the case of a normal distribution and as median
(inter-quartile range) for a non-normal distribution, as determined using the Shapiro-Wilk test.
Pearson's correlation coefficients were calculated. Statistical comparisons of the mean differences
between two areas were performed using Student's t-test in the case of a normal distribution or the
Wilcoxon signed-ranks test for a non-normal distribution. The significance level was set to p < 0.05.
All statistical analyses were performed using the SPSS 12.0 software, JMP@9 software package (SAS
Institute) and Microsoft Excel 2010.
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Results
Comparison of study subject characteristics between the dioxin hot-spot and the non-exposed
area
Table 1, which presents the characteristics of lactating women from the two study areas (n=109),
shows the age, weight, height and BMI. These values do not differ significantly between the two areas.
Likewise, the family income and residence period are similar for both areas.
Comparison of hormone levels for mothers from the dioxin hot-spot and non-exposed area
Table 2 shows the salivary concentrations of six steroid hormones (cortisol, cortisone, DHEA, A-dione,
estrone, and estradiol) for all study subjects (n=109) from the dioxin hot-spot and non-exposed areas,
as determined by LC-/MS/MS analysis. Salivary cortisol and cortisone levels were found to be
significantly higher in women from the dioxin hot-spot area than those from the non-exposed area
(p<0.001). There were no significant differences between the two areas for any of the other salivary
hormones.
Table 3 shows the serum levels of the six steroid hormones studied for the two areas. Cortisol and
cortisone levels can be seen to be significantly higher in women from the hot-spot area than in those
from the non-exposed area (p<0.001 and p<0.01, respectively). There were no significant differences
in serum DHEA, A-dione, estrone, and estradiol levels.
Comparison of TEQ dioxin levels in lactating women's breast milk for the dioxin hot-spot and
non-exposed area
The median total toxic equivalence (TEQ) of polychlorinated dibenzodioxins (PCDDs, 6.29 pg/g lipid),
polychlorinated dibenzofurans (PCDFs, 4.44 pg/g lipid) and total PCDDs+PCDFs (11.04 pg/g lipid)
for the dioxin hot-spot area (n=51) was significantly higher than for the non-exposed area (PCDDs:
1.87 pg/g lipid; PCDFs: 1.41 pg/g lipid; total PCDDs+PCDFs: 3.15 pg/g lipid). Specifically, dioxin
levels in the hot-spot area were more than three-times higher than those in the non-exposed area (p <
0.001).
Correlation between steroid hormones in saliva or serum and dioxin in breast milk
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Fig. 1 shows the correlation between salivary cortisol or cortisone and dioxin levels in the combination
of dioxin hot-spot area and non-exposed area. Significantly positive correlations between salivary
cortisol or cortisone and breast milk dioxin levels (total PCDDs+PCDFs) can be seen, (p<0.001).
Fig. 2 also shows the significant correlation between serum cortisol or cortisone and breast milk dioxin
levels (total PCDDs + PCDFs), (p<0.01 and p<0.001).
Correlation between salivary steroid hormones and serum steroid hormones
We determined six kinds of steroid hormones in saliva and serum by LC-MS/MS. Fig. 3 shows a
significantly positive correlation between cortisol, cortisone, DHEA, estrone, A-dione and estradiol in
serum and saliva for the combination of dioxin hot-spot area and non-exposed area, respectively ( p<
0.001).
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Discussion
The study region in this investigation (Phu Cat) is one of three major dioxin hot-spot areas in Vietnam.
Indeed, according to Dwernychuk [3,25], the concentration of TCDD recorded at Phu Cat is 194 pg/g
in sediment, and the Hatfield Consultancy [26] has reported that the maximum TCDD level of 236,000
pg/g TCDD in soil taken from the vicinity of Phu Cat is much higher than the internationally
recognized standard of 1000 pg/g TCDD in soil.
We have demonstrated in this study that dioxin levels in maternal breast milk are three- to fivefold
higher in the hot-spot area than in the non-exposed area despite the fact that more than 40 years have
passed since the end of war. This result is consistent with our previous study [15]. As similar study in
Seveso estimated that the TCDD concentration in females was fivefold higher in the exposed area than
in a control area after 30 years [27]. These studies suggest that the dioxin burden in humans continues
in the long term after environmental exposure.
Salivary cortisol and cortisone levels were found to be significantly higher in the dioxin hot-spot than
in the non-exposed area (p < 0.001). Furthermore, serum cortisol and cortisone levels were also
significantly higher in the dioxin hot-spot (p<0.001 and p<0.01, respectively). We have recently
reported a similar study of salivary steroid hormone levels in primiparae in a dioxin hot-spot area [1517]. Our present study of all lactating women (first, second or third child), which included a larger
number of subjects (N=109), revealed significantly higher serum and salivary cortisol and cortisone
levels in lactating women from the dioxin hot-spot area (Table 2 and 3, p< 0.001).
The relationship between dioxin and hormone levels show linear in the dioxin level range 2-25 pg/g
lipid (Fig. 1~2, p<0.01). The adrenal gland is a major accumulation site for lipophilic dioxins and
PCBs in the body. Three types of steroid hormones (cortisol, aldosterone and DHEA) are synthesized
in the adrenal gland and their levels, and therefore ratios, are regulated by ACTH. In our study, the
concentrations of cortisol and cortisone in both serum and saliva were found to be significantly higher
in the hot-spot than those in the non-exposed area, whereas the DHEA level varied less between the
two areas. These results clarified one of the aims of the present study.
Our previous study on 18 primiparae in a dioxin hot-spot area, which also showed increased salivary
cortisol and cortisone level, also gave an inverted U-shape for the TEQ dioxin levels [15]. The current
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study in 109 lactating mothers also showed increased cortisol and cortisone levels in serum and saliva.
However, the model between steroid hormone levels and dioxin could be fit by a straight line rather
than a non-linear inverted U-shaped curve. The current findings, which differ somewhat with respect
to the previous study in primiparae, may be due to the fact that this study included lactating mothers
who had given birth to their first, second or third child.
The levels of the other hormones studied herein (DHEA, androstenedione, estrone, and estradiol) did
not change significantly between the hot-spot and the non-exposed area. Our previous study showed
that the mean salivary estradiol or androstenedione level did not differ significantly between the dioxin
hot-spot and non-exposed areas, although the curve between salivary estradiol or androstenedione
levels and dioxin levels was U-shaped in primiparae [16]. In the Seveso study, men aged 22-31 years
showed reduced sperm concentrations and serum estradiol, but increased FSH levels, 22 years postexposure. In contrast, men aged 32-39 years showed an increased total sperm concentration and serum
FSH, and a reduced estradiol concentration, compared with those from the control area. Serum
testosterone levels did not vary [13]. These results suggest that exposure at certain times of life may
affect the subsequent impact of this exposure. Steroid hormone levels in serum are distributed into
three phases: the free type (1-3%), the bioavailable type (30-40%) and the inactive type (50%).
Salivary cortisol has been reported to correlation well with serum free-cortisol concentration
[28]. Salivary steroid hormones are known to be excreted from serum as the free type. The total
serum cortisol to cortisone ratio is approximately 3:1, whereas the salivary ratio is approximately 1:6.
This marked difference in the cortisol/cortisone ratio between serum and saliva is due to two main
effects. First, salivary gland membranes contain the enzyme 11β-HSD 2, which irreversibly converts
cortisol into cortisone as it passes through this membrane. Second, more than 90% of circulating
hormone in human serum is bound to proteins such as corticoid binding globulin (CBG) and albumin.
Cortisone binds CBG in serum with a 10-fold lower association constant than cortisol. Consequently,
the proportion of free cortisone in serum is much higher than that for cortisol. These findings are
reflected in the salivary steroid concentrations. We also determined the ratios of free to protein-bound
hormones from salivary and serum hormone concentrations. The ratio of each salivary to serum
hormone concentration was significantly higher in the dioxin hot-spot than in the non-exposed area
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except for DHEA (data were not shown). These higher ratios may be related to any one of the
numerous effects of dioxin exposure on endocrine disruption. In other words, dioxin may have an
effect on steroid binding proteins, and may influence the natural balance of hormone circulation.
It should be noted that low doses of this chemical also affect immune function [29]. Thus, in the study
that examined the effects of TCDD on Vietnam War air force veterans, Pavuk et al. [30] found an
increase in TSH levels but no change in T3 or free T3 levels. However, studies on endocrine disruption
by chemicals can be difficult to interpret and are readily misinterpreted, thus meaning that the same
factor could stimulate or inhibit [31].
We found a strongly positive correlation between salivary hormones and serum hormones (p<0.001)
(see Fig.3). We chose saliva as the matrix for steroid hormone analysis in this study as it is noninvasive and easy to collect from subjects, even from children, and is feasible for use in
epidemiological studies.
The LC-MS/MS method is an excellent technique with a higher sensitivity and accuracy than standard
immunoassay methods. Furthermore, this technique can also be used to simultaneously analyze six
steroids, including those, such as cortisol and cortisone, with a similar molecular structure using only
0.1 mL of serum. We have also established an analytical method for estradiol involving chemical
derivatization that allows even trace amounts to be detected. This method has a limit of quantification
of 0.1 pg/mL by LC-MS/MS.
There are some limitations to our study. The subjects in our study were women (n = 109) who had
given birth up to one year previously and therefore may have returned to a normal menstrual cycle
with the physiological activity inherent to normal hormone regulation [32]. It is therefore probably
difficult to elucidate sex hormone levels, such as progesterone or estrogen, in women with varying
menstrual cycles.
In summary, the relationship between dioxin exposure and endocrine disruption requires further
clarification in order to be able to evaluate adverse human health effects caused by dioxin and/or other
environmental chemicals. It is especially important to continuously observe maternal health throughout
life and to investigate any possible influence on the development of their children at dioxin hot-spot in
Vietnam.
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Figure legends

Fig 1. The correlation between cortisol (A), cortisone (B) concentration in saliva and dioxin level in
breast milk in dioxin hot spot and non-exposed areas.

Fig. 2. The correlation between cortisol (A), cortisone (B) concentration in serum and dioxin level in
breast milk in dioxin hot-spot and non-exposed areas.

Fig. 3. The correlation between serum hormone and salivary hormone in dioxin hot spot and nonexposed areas. A) Cortisol, B) Cortisone, C) DHEA, D) A-dione, E) Estrone, F) Estradiol
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Table 1. Characteristics of lactating mothers in dioxin hot–spot and non–exposed areas
Hot-spot area

Non-exposed area

(n = 51)

(n = 58)

Age (years)

27.3 ± 3.68

26.1 ± 2.82

0.063a

Weight (kg)

48.5 ± 6.63

48.8 ± 5.04

0.786a

Hight (cm)

152.3 ± 5.47

152.7 ± 5.10

0.721a

BMI (kg/m2)

20.9 ± 2.22

20.9 ± 1.90

0.866a

21.0 (21.0 – 26.0)

22.5 ( 18.8 – 25.0)

0.803b

200 (100 – 300)

200 (110 – 300)

0.924b

Residence period
(years)
Family income
(×104VND/month)

p-value

Notes: Data are shown as mean ± sd (standard deviation) in normal distribution and

as median (inter-quartile range) in non-normal distribution
aStudent

t-test

bWilcoxon

Signed Ranks Test

Table 2. Steroid hormone levels in saliva of lactating mothers in dioxin hot– spot and
non– exposed areas
Hot-spot area

Non-exposed area

(n = 51)

(n = 58)

Cortisol (ng/ml)

1.89 (1.30–3.16)

1.10 (0.70–1.90)

0.0001b

Cortisone (ng/ml)

10.8 (8.41–13.7)

7.74 (5.46–10.6)

0.0001b

DHEA (pg/ml)

154.7 (105.8–232.3)

133.8 (104.1–189.6)

0.223b

A-dione (pg/ml)

56.6 (42.5–75.6)

55.5 (45.8–74.6)

0.923b

Estrone (pg/ml)

1.20(0.58–2.10)

0.84 (0.62–1.47)

0.146b

Estradiol (pg/ml)

0.22 (0.13–0.46)

0.18 (0.10–0.33)

0.27b

Notes: Data are shown as median (inter–quartile range)
bWilcoxon

Signed Ranks Test

p-value

Table 3.

Hormone levels in serum of lactating mothers in dioxin hot–spot and

non–exposed areas
Hot-spot area

Non-exposed area

(n = 51)

(n = 58)

Cortisol (ng/ml)

94.2 (71.9 – 141.6)

66.3 (52.2 – 103.8)

0.0001b

Cortisone (ng/ml)

26.7 (22.1 – 30.8)

22.0 (17.2 – 27.6)

0.003b

DHEA (pg/ml)

4566 (3158 – 6493)

4446 (3319 – 6617)

0.753b

A-dione (pg/ml)

1484 (1098 – 2070)

1650 (1259 –2172)

0.155b

Estrone (pg/ml)

23.7 (13.8 – 38.3)

26.2 (19.0 – 45.3)

0.176b

Estradiol (pg/ml)

21.3 (11.2 – 37.0)

21.9 (11.9 – 39.5)

0.888b

Notes: Data are shown as median (inter-quartile range)
bWilcoxon

Signed Ranks Test

p-value

Fig 1. The correlation between cortisol (A), cortisone (B) concentration in saliva
and dioxin level in breast milk in dioxin hot-spot and non-exposed areas.

Fig 2. The correlation between cortisol (A), cortisone (B) concentration in serum and
dioxin level in breast milk in dioxin hot-spot and non-exposed areas.

Fig. 3. The correlation between serum hormone and salivary hormone in dioxin hot spot
and non-exposed areas. A) Cortisol, B) Cortisone, C) DHEA, D) A-dione, E) Estrone, F)
Estradiol

