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Results 

Duplicate diet study 

A 2-day duplicate diet study was performed to assess exposure to BPs of adults mainly 

consuming canned foodstuffs. Briefly, a cohort of 26 individuals was divided into two 

groups: 1) those following a potential high-BPA diet based on canned foodstuffs, 

(exposed), and 2) those following a BPA-free diet, made of fresh foodstuffs and food 

products packed in glass containers and other BP-free materials (control). Both groups of 

subjects followed a balanced diet, which was revised and approved by a dietitian. 

Additional details of the diet were previously given (González et al., 2019a). The cohort 

characteristics are described in Table 1. One of the participants (No. 19) was excluded 

from the study because he declared the consumption of food that was not in the provided 

food basket. Therefore, the cohort of the study consisted of 25 individuals. The study was 

approved by the Ethical Committee for Clinical Investigation of the Institut d’Investigació 

Sanitària Pere Virgili (IISPV, Reus/Tarragona, Spain, Ref. CEIm: 112/2018). A written 

informed consent was obtained from all the participants. 

Table 1. Cohort characteristics (n=25) 

% Exposed (n= 14) 
(n=14) 

Control (n=11) 
(n=11) Gender   

Male 29 36 

Female 71 64 

Body Mass Index   

Underweight (<19 kg/m2) 0 0 

Normal (19-25 kg/m2) 64 45 

Overweight (>25 kg/m2) 29 55 

Obese (>30 kg/m2) 7 0 

Smoking   

Yes 14 0 

No 86 100 
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 Sample collection 

Urine and blood samples were collected to further analyse the concentrations of BPs. 

During the whole 48-h study, each participant collected spot urine samples and the first 

void urine (FVU) of the third day. On the other hand, blood samples were extracted in 

heparin tubes during the first day of the study. Extraction was done at four time spots: 8 

AM (fasting), 11 AM, 2 PM and 5 PM. Fasting samples were considered as a baseline 

exposure, while the schedule for the other blood extractions was designed taking into 

account that the maximum concentration of BPs in serum is reached 1 h after their 

intakes (Thayer et al., 2015; Oh et al., 2018). Firstly, 2 mL of whole blood were taken 

separately. Blood samples were then centrifuged at 1300 g for 10 min in order to obtain 

plasma and the red blood cell (RBC) fraction. All the biological samples were stored at -

20ºC until analysis. In order to complete the information about the cohort, food 

frequency and lifestyle questionnaires, as well as a journal to record the total volume of 

each urine sample, were filled up by each subject. Participants were also asked for noting 

any other activities with a potential exposure and excretion of BPs, as well as incidents 

occurred during the study. 

BPs analysis in urine  

After collection, urine samples were thawed at room temperature and homogenized by 

vortex. The analysis of free BPs was performed following a previously developed method 

(González et al., 2019b). Five mL of sample were transferred to a glass tube with conical 

bottom and spiked with 50 µL of BPAd16. Rapidly, 1325 µL of MeCN, 85 µL of T4CE and 

125 µL of AA were added to the sample. Tubes were shaken and centrifuged for 10 min 

at 2500 rpm and 4ºC. Finally, 70 µL of the lower phase were transferred to a 100 µL insert, 

being 1 µL injected into the GC-MS equipment. In turn, for the determination of total 

(free + conjugated) BPs, 5 mL of sample were transferred to a clear vial, to which were 

added 100 µL of β-glucoronidase solution (20,000 U/mL in 1M ammonium acetate buffer 

pH 5.0). The mixture was then incubated overnight at 37ºC in order to guarantee the 

hydrolysis. After cooling at room temperature, BPs were extracted as above stated. 
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Results 

BPs analysis in whole blood, RBC and plasma 

The preparation of the samples and the extractive procedures were performed according 

to González et al. (2019b). Firstly, whole blood, RBC and plasma samples were thawed at 

room temperature and homogenized by vortex. For the analysis of free BPs, 1.5 mL of 

MeCN was added to 500 µL of samples of total blood, RBC and plasma. Each sample was 

firstly spiked with 40 µL of BPAd16, kept at room temperature for 10 min, and then 

centrifuged at 3500 rpm for 4 min. Subsequently, 1 mL of sample was transferred to a 

clean vial, adding 85 µL of T4CE and 100 µL of AA to the sample. In a glass tube with 

conical bottom, 3 mL of deionized water and 300 µL of K2CO3 (to achieve a pH ≥ 10) were 

added. Rapidly, the sample was transferred to the glass tube and vortexed. Samples were 

then centrifuged at 2100 rpm for 4 min. Finally, 70 µL of the lower phase were transferred 

to a 100 µL insert, being 1 µL injected into the GC-MS system. In turn, for the analysis of 

total (free + conjugated) BPs, 1.5 mL of sample was transferred to a clean vial and 30 µL 

of β-glucoronidase solution (20,000 U/mL in 1M ammonium acetate buffered to pH 5.0) 

were added. Samples were incubated overnight at 37ºC to guarantee the hydrolysis. 

After cooling at room temperature, BPs were extracted as previously described. 

Calculation of BPs urinary elimination  

Total BPs elimination was calculated for each individual by multiplying the BP analogue 

concentration of each spot urine sample (µg/mL) by the volume of the urine sample of 

the corresponding spot sample (mL). To calculate the elimination of BPs on a daily basis, 

the following assumptions were considered: i) the first void urine (FVU) contained urine 

samples collected before the breakfast of the day 1; ii) day 1 data included urine samples 

collected between the breakfast of day 1 and the breakfast of day 2; iii) day 2 contained 

urine samples collected after the breakfast of day 2 until the FVU sample of day 3. 
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 Statistical analysis 

To evaluate significant differences between exposed and control groups, as well as 

through time, the statistical package SPSS 20.0 was used. Firstly, a Kolmogorov-Smirnov 

test was applied to compare the homogeneity of the variances. Then, a Student’s t-test 

was applied to determine statistical differences. In turn, the effect of consuming canned 

food on the exposure to BPA was assessed by building a mixed effects linear model on: i) 

the quantity of excreted BPA as a function of time; ii) the dichotomous factor of ingestion 

of canned food as a fixed effect; and iii) the baseline excretion of each participant as a 

random effect. This analysis was carried out by means of the statistical package R version 

3.5.3. 

RESULTS AND DISCUSSION 

 BPs in urine samples  

Concentrations of BPA 

Free BPA was found only in 19 out of 189 urine samples of the BP-exposed group and 7 

out of 138 urine samples of the control group. Hence, detection rates were only 10% and 

5% for the BP-exposed and control groups, respectively (Supplementary Material, Tables 

S1-S2). Mean concentrations of free BPA were similar in both groups, independently on 

the consumption of canned foodstuffs (0.21 vs. 0.12 µg/L for the BP-exposed and control 

groups, respectively). Low detection rates of free BPA might be related to the fact that 

BPA is mostly eliminated in the conjugated form, because of its rapid conjugation upon 

intake (Völkel et al., 2002). In fact, our results are in good agreement with those reported 

in a German study, in which less than 15% of the urine samples showed unconjugated 

BPA levels (Koch et al., 2012). 

As expected, a high detection rate of total BPA (free + conjugated) was observed in urine. 

Total BPA was found in 306 out of 327 urine samples (94%) of both BP-exposed and 

control groups. The mean concentrations of total BPA per individual participant and per 

diet group (BP-exposed and control) over the study are summarized in Table 2. The mean 
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Results 

concentrations of total BPA in the FVU of exposed and control groups were not 

significantly different (3.29 vs. 2.11 µg/L; p>0.05). Afterwards, the excretion of total BPA 

by the BP-exposed population significantly increased in days 1 and 2 (5.24 and 6.21 µg/L, 

respectively). In contrast, the excretion of total BPA in the control group over the two 

days of the study was similar to their FVU, being 2.45 and 1.82 µg/l after 24 h and 48 h, 

respectively. The variability was substantially higher between individuals of the BP-

exposed group than in those of the control group. It was probably due to the increase of 

BPA ingestion and the inherently different metabolism of the participants. 

Detection rate of the current study is in accordance with those found in other 

investigations. In Norway, Husøy et al., (2019) detected BPA in 96% of 24-h urine samples 

from 144 adult volunteers who kept detailed diaries on their food consumption, the use 

of personal care products and handling of cash receipts. In the USA, BPA was detected in 

98% of urine samples from 50 adults aged between 19 and 50 (Morgan et al., 2018), while 

slightly lower detection rates to those here observed were previously reported in 

Portugal (85%) and China (84%) (Cunha and Fernandes, 2010; Zhang et al., 2013).  

Regarding urinary BPA concentrations, the geometric mean (GM) of the control group 

(1.64 µg/L) is in agreement with the results reported by Covaci et al. (2015), who analysed 

the urinary concentrations of total BPA in six European countries (Belgium, Denmark, 

Luxembourg, Slovenia, Spain and Sweden). The GM of BPA levels ranged between 2.55 

and 1.30 µg/L, with Belgium and Sweden showing the highest and lowest GM, 

respectively. For the control group, the current results would fit well within the range. 

Contrastingly, as a potentially high-BPA diet was designed, the GM of BPA in urine of the 

BP-exposed group (3.73 µg/L) was notably higher than the data relative to 6 European 

countries (Covaci et al., 2015). 
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Table 2. Mean levels of total BPA in urine (µg/L) in BP-exposed and control groups during the 

study.  

No. Participant  FVU Day 1 Day 2 

BP-EXPOSED 

1 2.91 1.50 2.80 
2 <0.2 1.96 1.76 
3 1.45 6.08 10.6 
5 0.95 2.52 3.43 
8 4.53 7.72 8.31 
9 15.7 3.25 6.75 

10 0.48 3.85 3.59 
18 1.78 5.01 4.30 
20 2.06 3.89 6.02 
21 5.74 8.31 9.73 
22 3.64 8.42 14.6 
23 1.94 10.5 2.60 
24 3.47 3.55 6.32 
25 1.45 6.75 6.06 

Mean 3.29 a 5.24**, b 6.21***, b 

Standard deviation 3.91 2.76 3.61 
Geometric mean 2.43 3.31 4.51 

CONTROL  

4 0.76 1.83 1.93 
6 3.58 1.46 1.28 
7 3.34 3.32 2.92 

11 2.35 3.38 2.09 
12 1.44 1.88 1.80 
13 0.71 2.41 1.82 
14 2.26 1.40 1.01 
15 <0.2 1.40 1.36 
16 2.39 1.84 1.15 
17 3.10 3.88 1.59 
26 3.29 4.14 3.10 

Mean 2.11 a 2.45 a 1.82 a 
Standard deviation 1.22 1.04 0.68 
Geometric mean 2.03 1.72 1.57 

* Asterisks indicate significant differences between BP-exposed and control groups at **P < 0.01 and ***P < 
0.001. 
abc Different superscripts indicate significant differences between days (p<0.05). 
FVU: First void urine. 
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Results 

Amount of BPA excreted 

The amount of total urinary BPA, estimated from the concentration of total BPA and the 

volume of urine, is shown in Table 3. Before the beginning of the study, all participants 

of both groups, BP-exposed and control, excreted a non-significantly different amount of 

BPA (0.81 and 0.53 µg/day, respectively). Afterwards, people eating canned foodstuffs 

significantly increased the amount of total BPA excreted during the rest of the study 

(p<0.001), with urine amounts of 7.11 and 7.02 µg obtained in days 1 and 2, respectively. 

Unexpectedly, the control group also excreted a higher amount of total BPA through the 

study, reaching values of 2.84 µg and 1.89 µg after 24 h and 48 h, respectively. The 

analysis of total BPA levels in FVU samples in the first day confirmed that both groups 

were similarly exposed to BPA before starting the duplicate diet study. However, the 

excreted levels for the BP-exposed group were significantly higher than those 

corresponding to the control group. Consequently, it can be confirmed that the 

consumption of canned foodstuffs and food packed in polycarbonate plastics significantly 

increase the exposure to BPA. 

The average daily exposure to BPA in the BP-exposed and control groups is summarized 

in Table 3. The mean daily exposure to BPA of the BP-exposed group was constant 

through the study: 0.11 µg/kg bw/day. This value is slightly lower than that calculated by 

Gonzalez et al. (2019a) for the same population, in which data on food frequencies and 

BPA concentrations in foodstuffs was taken into account (0.23 µg/kg bw/day in day 1, 

and 0.14 µg/kg bw/day in day 2). In contrast, no differences were found in the control 

group when comparing the current dietary exposure with that previously estimated 

(González et al., 2019a): 0.04 vs. 0.03 µg/kg bw/day, and 0.03 vs. 0.01 µg/kg bw/day in 

days 1 and 2, respectively. Differences in both estimated BPA exposures could be the 

result of BPA exposure through other routes, either individual or combined (e.g., dermal 

absorption, air inhalation, etc.), and/or the fact that BPA may be excreted through other 

routes, such as sweat (Genuis et al., 2012). Although BPA is mostly eliminated through 
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urine, it must be remarked that BPA is a lipophilic compound and, consequently, it might 

be partly accumulated in adipose tissue (Artacho-Cordón et al., 2018).
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Table 3. Total BPA elimination and exposure for the BP-exposed and control groups through the study.  

No. Participant 
Total BPA elimination (µg)  

Total BPA exposure 
(µg/kg bw/day) 

FVU Day 1 Day 2  FVU Day 1 Day 2 

BP-EXPOSED 

1 1.02 3.48 3.60  0.013 0.045 0.046 
2 ND 3.10 3.49  ND 0.055 0.062 
3 0.39 6.59 5.73  0.006 0.100 0.087 
5 0.38 7.88 7.26  0.007 0.141 0.130 
8 0.79 7.69 10.6  0.012 0.118 0.162 
9 3.93 6.30 5.45  0.058 0.093 0.080 

10 0.087 8.52 5.75  0.002 0.158 0.106 
18 0.58 3.64 6.42  0.007 0.046 0.080 
20 0.41 5.89 8.60  0.008 0.118 0.172 
21 0.29 14.9 11.8  0.005 0.276 0.218 
22 0.87 4.77 14.3  0.013 0.071 0.213 
23 1.16 9.20 3.79  0.015 0.118 0.049 
24 1.09 4.89 5.80  0.014 0.061 0.073 
25 0.32 12.7 5.74  0.004 0.149 0.068 

Mean 0.81a 7.11***, b 7.02***, b  0.01 0.11 0.11 
St. Dev. 0.97 3.42 3.21  0.01 0.06 0.06 

CONTROL 

4 0.08 2.19 2.25  0.001 0.035 0.036 
6 1.07 2.73 2.10  0.016 0.040 0.030 
7 1.09 4.17 3.34  0.012 0.048 0.038 

11 0.47 3.42 1.61  0.008 0.057 0.027 
12 0.30 1.97 1.05  0.004 0.029 0.015 
13 0.11 1.75 1.38  0.002 0.025 0.020 
14 0.59 1.97 0.50  0.011 0.037 0.009 
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15 ND 3.24 1.41  ND 0.044 0.019 
16 0.36 2.54 1.48  0.005 0.036 0.021 
17 0.50 3.31 2.36  0.009 0.060 0.043 
26 1.31 3.92 3.26  0.014 0.043 0.036 

Mean 0.53a 2.84b 1.89c  0.01 0.04 0.03 
St. Dev. 0.44 0.83 0.88  0.01 0.01 0.01 

*** Asterisks indicate significant differences between BP-exposed and control groups at P < 0.001. 
abc Different superscripts indicate significant differences between days (p<0.05). 
FVU: First void urine. 
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Results 

In 2015, the European Food Safety Authority (EFSA) reduced the tolerable daily intake (TDI) 

of BPA from 50 to 4 µg/kg bw/day (EFSA, 2015). Considering this last value, none of the 

groups here evaluated would exceed the threshold value. However, it must be noticed that 

the EFSA-TDI is still temporary, being the EFSA updated assessment scheduled for 2020. 

Furthermore, it cannot be neglected that a number of studies have reported adverse effects 

of BPA - even at low doses - such as disturbed mammary gland development, changes in 

normal behavioural parameters, or interference in brain development and functions (Negri-

Cesi, 2015; Rosenmai et al., 2014).  

Finally, for the BPA exposure group, the values are similar to those reported during a 24-

hour high-dietary BPA exposure study performed in the United States with 20 volunteers, 

who consumed a diet rich in canned foods and juices (Teeguarden et al., 2011). The 

volunteers’ average consumption of BPA, estimated from the urinary excretion of total BPA, 

was 0.27 µg/kg bw/day. On the other hand, the dietary exposure to BPA of the control group 

would be similar to other worldwide reported values. Huang et al. (2017) estimated the 

levels of human BPA exposure considering urinary concentrations. Results reported 

exposure ranges of 0.0079-0.065 µg/kg bw/day for people living in 30 countries, with Italy 

and Tunisia showing the maximum and minimum levels, respectively. However, these 

authors found that European countries showed relatively higher exposure levels, with Italy, 

Sweden, Denmark, France and Cyprus in the top five (Huang et al., 2017). 

The total BPA elimination curve of each participant over the study is depicted in Figure 1. 

Although participants who followed a diet rich in canned foods excreted higher amounts of 

total BPA than those in the control group, the elimination curve of both groups had a similar 

pattern, with a higher peak of BPA between 1 AM and 9 AM of day 2. 
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Figure 7. Total urinary BPA (µg) elimination curve for individual participants of BP-exposed and 
control groups during the 2-days duplicate diet study. D1: Day 1; D2: Day 2. 

The comparison in the levels of total BPA excretion between both exposure groups, 

classified according to 4-, 12-, and 24-h intervals, are shown in Figure 2. In general terms, 

the wider the interval is, the lower the sensitivity to exhibit changes during the duplicate 

diet study, being 4 h the optimal. The R2 of each mixed model worsens as the interval 

increases, proving that the optimization of the model increases inversely with the time 

interval. Hence, the shorter the interval, the better the excretion of total BPA is modelled 

(Supplementary Material, Tables S3-S4). Consequently, these results clearly confirm that 
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Results 

the BPA analysis of spot urine samples provides much more information than the 

determination of BPA in composite samples of urine. Moreover, when the collection of spot 

samples is not possible, urine samples should be collected in short intervals of at least 4 h 

or less.  
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Figure 8. Total BPA elimination for BP-exposed and control groups considering a) 4-hour; b) 12-
hour and c) 24-hour intervals during the duplicate diet study. D1: Day 1; D2: Day 2; D3: Day 3. 

UNIVERSITAT ROVIRA I VIRGILI 
EXPOSURE ASSESMENT TO BISPHENOLS: COMBINING BIOMONITORING AND DUPLICATE DIET STUDIES 
Nieves González Paradell 



 

125 

Results 

The comparison between the dietary intake and the excretion of total BPA is depicted in 

Figure 3. During day 1, both groups showed similar levels of total BPA. However, at the night 

of day 1 and, especially in the morning of day 2, the difference between both groups clearly 

increased. This high peak might be related to the higher intake of BPA at dinner of day 1. It 

must be highlighted that the sample of canned asparagus consumed by the BP-exposed 

population contained a BPA level that exceeded the specific migration limit of BPA 

(González et al., 2019a), set at 50 μg/kg by the EC (2018). On the other hand, the excretion 

curve of total BPA for the control group also showed a peak in the morning of day 2, which 

could be related to the intake of glass-packed corn containing BPA at a concentration of 

4.21 µg/kg. Subsequently, the amount of excreted BPA decreased in both groups. However 

the BP-exposed group continued to excrete a higher amount of total BPA than those in the 

control group until the end of the study. The mixed model between exposed and control 

groups (Table 4) showed significant differences on the time-slots 1 AM – 5 AM and 5 AM – 

9 AM of day 2 (p<0.001), confirming the strong correlation between diet and BPA exposure. 

Finally, the mixed model explained up to 71% of the variability (σ2), thus proving that the 

inter-individual variability (τ00) only contributed 17%.  
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Figure 9. Total BPA elimination plus dietary intake of BPA (in dots) for BP-exposed and control groups 
during the duplicate diet study. D1: Day 1; D2: Day 2; D3: Day 3 
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Results 

Table 4. Mixed model between BP-exposed and control groups considering 4-hour intervals. 

Predictors 
Amount (µg) 

Estimates CI P 

Intercept 1.08 0.68 – 1.49 <0.001 
Non-canned -0.78 -1.15 – -0.40 <0.001 
Day 1 09:00 -0.44 -0.90 – 0.01 0.056 
Day 1 13:00 -0.29 -0.72 – 0.14 0.187 
Day 1 17:00 -0.23 -0.68 – 0.21 0.297 
Day 1 21:00 0.02 -0.47 – 0.50 0.947 
Day 2 01:00 1.71 0.89 – 2.54 <0.001 
Day 2 05:00 1.89 1.41 – 2.36 <0.001 
Day 2 09:00 0.12 -0.35 – 0.59 0.613 
Day 2 13:00 -0.03 -0.47 – 0.42 0.904 
Day 2 17:00 -0.01 -0.45 – 0.43 0.974 
Day 2 21:00 0.00 -0.46 – 0.46 0.997 
Day 3 01:00 0.52 -0.20 – 1.24 0.158 
Day 3 05:00 0.41 -0.06 – 0.88 0.090 

Random effects 

σ2 0.71   
τ00 person 0.17   
ICC person 0.19   
Observations 327   
Marginal R2 / Conditional R2 0.355 / 0.477   

 

Levels of other BPs analogues 

Unconjugated BPs analogues, other than BPA, were not detected in any of the urine samples 

from both, BP-exposed and control groups. In turn, total BPAF, BPF and BPE could be 

quantified in some urine samples from individuals with a diet based on canned foodstuffs 

(Supplementary Material, Tables S1-S2). Traces of BPAF were found in two punctual 

samples (1.05 and 0.50 µg/L) of two BP-exposed participants (No. 1 and 18). These subjects 

indicated they had been in contact with personal care products (PCPs), which have been 

identified as an additional exposure pathway of relative importance for some BPs (Lu et al., 

2018). 

Eight samples from four participants had quantifiable levels of BPF, with a mean 

concentration of 6.56 µg/L. It must be remarked that one of the volunteers (No. 23) had 

detectable amounts of BPF in two-thirds of his urine samples, with a mean concentration 
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of 4.96 µg/L. According to his diary record, this subject had been handling thermal paper 

products, (i.e., bus tickets) and using PCPs, such as face cleansers, toothpaste or 

moisturizers, which potentially contain BPs (Lu et al., 2018; Rochester and Bolden, 2015).  

BPE was also found in some specific samples of three participants, being the mean level of 

these 0.28 µg/L. Surprisingly, three of the five positive samples belonged to one single 

participant. However, exposure to BPE was unlikely to be linked to diet, since the food items 

that contained BPE (mushrooms and nuts) were consumed in the first day 1 of the duplicate 

diet study (González et al., 2019a), while BPE was detected in urine samples of the second 

day. Unlike BPAF and BPF, no information on the occurrence of BPE in daily-life products is 

available in the scientific literature. Therefore, further research focused on determining 

sources and presence of BPE in market basket products is required. 

BPs in blood samples  

The concentrations of BPs in blood were determined as a complementary analysis to 

confirm whether BPs tend to remain in blood, or they are rapidly excreted through urine 

Unfortunately, the detection rates of BPA and the remaining 5 BPs analogues in 3 different 

blood matrices (whole blood, plasma and RBC) were extremely low and random 

(Supplementary Material, Tables S5-S10). Therefore, it would be hard to relate these 

concentrations to the dietary exposure of BPs. Briefly, total BPA was detected in the whole 

blood of 4 participants of the BP-exposed group and 2 volunteers of the control group, while 

free BPA was only detected in a sample of an individual consuming canned foodstuffs. As 

the participant with the highest concentrations of BPA reported to smoke and take 

medication during the study, some interference might have occurred (He et al., 2009). In 

turn, BPAF was detected in the first blood sample of one participant belonging to the control 

group. Although BPs have been scarcely determined in whole blood, the current detection 

rates are much lower than those reported elsewhere (González et al., 2019b; Yamamoto et 

al., 2016, Zhang et al., 2013). Regarding the occurrence of BPs in plasma, total BPA was only 

found in three BP-exposed participants, while total BPB was detected in two samples of the 

BP-exposed group and one in the control group (first blood extraction). Once more, the 
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current detection rates of BPs in plasma were notably lower than those previously reported 

in the scientific literature (Cambien et al., 2020; Wiraagni et al., 2019; Kolatorova Sosvorova 

et al., 2017). Finally, BPA and BPAF were only detected in one RBC sample – each analogue 

in a different RBC sample – of the control group belonging to two different participants, 

being these detection rates also lower than those recently reported in Chinese adults (Jin 

et al., 2018). 

On one hand, our uncommonly low detection rates might be related to the fact that most 

of the above-mentioned studies were performed by means of LC-MS/MS. Anyhow, scarce 

results found in whole blood, plasma and RBC fractions could be explained by the fact that 

BPA is a non-persistent compound in the body that is quickly metabolized. Consequently, 

the occurrence of BPA in blood may be several orders of magnitude lower than that in urine 

(Calafat et al., 2013), being concluded that blood is not a suitable biological matrix to assess 

the dietary exposure to BPs. 

CONCLUSIONS 

To the best of our knowledge, this is the first duplicate diet study assessing co-exposure to 

BPA and five more BP analogues from a double perspective. The dietary intake of BPs was 

estimated by analysing the food consumed during the duplicate diet study, while their 

excretion was evaluated by determining BPs in urine. Interestingly, spot urine samples, 

instead of 24 h composite samples, were collected and individually analysed. The results of 

the present investigation mean valuable information for future studies, as an optimal time-

slot for urine sampling is also recommended. Additionally, BPs levels in three blood fractions 

were also determined as a complementary analysis.  

Urine was confirmed to be the best matrix to assess the dietary exposure to BPs, especially 

BPA. Detection rates in urine reached up to 94%, while BPA could be only found in 6% of 

the blood samples. Trace levels of other BPs analogues were found only promptly, but at 

much lower quantities than  those of BPA. FVU indicated that both groups – BP-exposed 

and control – were similarly exposed to BPA before starting the study, meaning that 
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avoiding the consumption of canned food could reduce substantially the exposure to BPs. 

Afterwards, exposure to BPA of the participants following a canned foodstuffs-based diet, 

significantly increased through time, supporting that diet plays an essential role in the 

exposure to BPA. BPA is a compound with a relatively short half-life in the body, since a high 

dietary intake of BPA is consistent with a subsequent high BPA elimination through urine. 

Moreover, the sampling and analysis of spot urine samples allows a better sensitivity to 

detect slight changes, providing more accurate information than 24 h composite samples. 

If individual samples cannot be collected, urine should be sampled in short periods (every 4 

h or less) to avoid any potential loss of information. 

Although participants following a diet rich in canned food products were more exposed to 

BPA than those in the control group, the temporary TDI established by the EFSA was not 

exceeded. However, further actions are required to ensure human health protection 

because the exposure to BPs has been linked to adverse health effects, even at acceptable 

doses. 
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Overall discussion 

Bisphenols (BPs) are chemical compounds widely used in the industry for the manufacture 

of polycarbonate plastic, epoxy resins or thermal paper. In fact, many daily used products – 

such as cans, dental fillings, medical devices or toys, among others –  incorporate BPs (Chen 

et al., 2016). BPs are chemicals of concern because of its structural similarity to 17β-

estradiol. This similar structure allows BPs to interact with the hormone receptors, 

disrupting endocrine pathways. This hormonal interference causes a dysfunctionality of the 

endocrine system, leading to adverse outcomes for the human health (Rochester, 2013).  

The present doctoral thesis was aimed at assessing the dietary co-exposure to BPA and 

other BP analogues in an adult cohort by means of a duplicate diet study.  

Firstly, in order to improve the analytical method of BPs in whole blood, extraction and 

derivatization of samples were optimized. Thus, different sample volumes, the use of 

ultrasonic bath, salts, and derivatizing agents were tested. Our results showed that 1000 µL 

did not provide a proportional increase of the peaks, being 500 µL the most suitable sample 

volume. MeCN was selected as a dispersive agent in the DLLME procedure, according to the 

results of Cunha and Fernandes (2010). The use of ultrasonic bath was unsuccessfully tested 

in the dissolution step of the sample, mainly because ultrasounds break down the molecules 

of BPs. Besides, the addition of salts (MgSO4 and C2H3NaO2) did not improve the 

quantification peaks. On the other hand, acetic anhydride (AA), N,O-

Bis(trimethylsilyl)trifluoroacetamide (BSTFA), trifluoroacetamide (TFA) and BSTFA with 

trimethylchlorosilane-pyridine (BSTFA:TMCS-pyridine) were tested as derivatizing agents, 

being AA the one showing the best performance.  

GC-MS of urine samples showed better linearity for BPA, BPAF, BPE, BPF, BPB, BPZ and BPAP 

than BPS, while in blood the linearity of BPA, BPAF, BPE, BPF and BPB was more satisfactory 

than those of BPS, BPAP and BPZ. 

Summarizing, it was concluded that the analysis by means of GC-MS is appropriate and it 

shows a good sensitivity for most BPs analogues. However, this technique would be 

somehow limited to analyse some specific BP analogues such as BPA. This is a polar 
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molecule with a sulfonyl group in its structure, even after the derivatizing of the hydroxyl 

groups. Thus, HPLC is better technique for BPS determination.  

After the optimization, the analytical method was validated by determining the 

concentrations of the selected BPs in urine and blood samples from a cohort of workers 

from a hazardous waste incinerator (HWI). This cohort was chosen because they are already 

included in a parallel biomonitoring program of an occupationally-exposed population. No 

potential correlations between BPs and trace elements in blood and urine were found. 

Anyhow, results indicated that the occurrence of trace elements in urine and blood is not 

correlated to that of BPs.  

In general terms, the exposure to BPs was not different according to the workplace or the 

gender. Differences in BP levels in urine or blood could be the result of different dietary 

patterns, since food intake – especially canned food or packed in polycarbonate plastic – 

has been described as the major route of exposure to this compounds. Unfortunately, 

information regarding their dietary habits was not available to accurately correlate the 

results with their food intake. Anyhow, the first chapter was aimed at validating the 

analytical method, which was successfully achieved.  

Subsequently, the duplicate diet study was initiated in order to evaluate: i) the levels of BPs 

in food samples; and ii) the real dietary exposure to these compounds in a population group. 

As mentioned before, food (especially canned) is the most important source of BPs for the 

general population. In canned foodstuffs, BPs are being used as the lining that protects the 

food from the direct contact with the tin. Although this can lining is made to protect the 

food, BPs can migrate to the food and enter to the human body through the diet. Therefore, 

accurate analysis of food samples is needed to estimate the exposure to BPs.  

With this purpose, up to 26 individuals were recruited to build the cohort, which were 

divided into two groups: 1) a potential high-BPA diet, consisting of the “canned food 

basket”, and 2) BPA-free diet, made of fresh food and food packed in glass containers and 

other BP-free materials, consisting of the “non-canned food basket”, and used as a control. 
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Overall discussion 

The cohort followed two days of balanced diet and they were able to drink as much water 

as they wished, always recording the source of the water (tap, bottled, etc.). 

In Chapter 2, food samples from both canned and control group were analysed.  Only BPA, 

BPB and BPE were detected, being BPA the most widespread BP analogue. In fact, BPA was 

detected in 14 out of 15 food items. Only canned asparagus was above the EU limit (50 

µg/kg), something to explore in the future, as it could be a single event or related to a 

commercial brand. In fact, asparagus, because of its high BPA concentration, was likely the 

main responsible of the high levels of BPA found in the urine samples at night of day 1 and 

in the morning of day 2, as presented in Chapter 3. In the diet provided to the cohort, the 

dinner of day 1, contained asparagus. Afterwards, the amount of total BPA excreted 

decreased in both groups, but those participants of the canned group kept excreting a 

higher amount of total BPA than the control group until the end of the study. The mixed 

model between exposed and control groups showed significant differences on the time-

slots 1:00am – 5:00 am and 5:00 am – 9:00am of day 2 (p<0.001), confirming the strong 

correlation between diet and urinary BPA. 

Unexpectedly, BPA was found in 36% of the non-canned food samples, being non-canned 

mushrooms the food item with the highest concentration. In any case, the levels of BPA in 

canned food were higher than those observed in non-canned food (p<0.01), mainly because 

food is in direct contact with the can lining. Regarding other BPs analogues, BPB was 

detected in chicken and olive oil, regardless the packaging, while BPE was only found in non-

canned mushrooms and nuts.  

The relevant concentrations of BPs in non-canned food might be due to: i) the migration 

from the coating of the caps of glass bottles (Noonan et al., 2011); ii) the potential 

contamination during the primary production of the products (Mercogliano & Santonicola, 

2018; Santonicola et al., 2018); iii) the ubiquity of plastics, related to an unexpected 

presence of BPs in food. Finally, BPs – other than BPA – were found at relatively low 

quantitites in food samples, meaning that BPA is not being replaced by BP analogues, 

despite the increasing regulations against this compound.  
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As expected, the total BPA intake for the whole two-day diet was higher for people eating 

canned food than for the controls. In contrast, the intake of BPB was similar, regardless the 

packaging of the food, while the control group ingested more BPE than the exposed group. 

Although the concentration of BPA in canned asparagus was above the EU limit, 

contributing up to 28% of the total exposure, the temporary TDI established by the EFSA 

was not exceeded. However, as for many EDCs, low doses are no guarantee of safety, so the 

potential harmful effects of BPs should not be disregarded (Tsatsakis et al., 2016). 

Unfortunately, the comparison of the estimated exposure to BPB and BPE with TDI values 

was not possible, since threshold values have not been established for BP analogues, other 

than BPA. Since some BP analogues are becoming serious alternatives to BPA, international 

organizations should consider to start specific regulation for these new chemicals. 

Subsequently, Chapter 3 was based on the analysis of BPs in biological samples of 

participants in the duplicate diet study. One of the 26 participants was discarded because 

he declared to consume food that was not provided in the food basket. This fact made clear 

the relevance of using food questionnaires and diaries to obtain the most detailed 

information about each participant. Therefore, the results of the third chapter are based on 

a cohort of 25 participants. 

Free BPA was found only in few urine samples, being their concentrations similar in both 

groups, exposed and control. It also supports that BPA is mostly eliminated in the 

conjugated form because of its rapid conjugation upon ingestion (Völkel et al., 2002; Koch 

et al., 2012). The high detection rate (94%) of total BPA in urine was not surprising. Since 

they were told to avoid the consumption of canned foodstuffs before starting the study, 

participants of both groups excreted a similar concentration of total BPA in the FVU. 

Afterwards, the excretion of total BPA significantly increased in those participants eating 

canned foodstuffs, while no significant changes were noted in the control group. Anyhow, 

the variability was substantially higher among individuals of the exposed group than in 

those not consuming canned foodstuffs, very probably due to the increase of BPA ingestion, 

as well as metabolism variability. 
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Overall discussion 

The detection rate of total BPA here found in the control group is in accordance with that 

observed in previous studies (Husøy et al., 2019; Morgan et al., 2018; Cunha & Fernandes, 

2010; Zhang et al., 2013). In turn, the urinary concentrations of BPA for the exposed 

participants are higher than those reported corresponding to typical calues in Europe 

(Covaci et al., 2015). It is likely to be because a potentially high-BPA diet was hereby 

designed. The amount of total BPA excreted through urine of exposed participants was 

significantly higher than that of the control, confirming that the consumption of canned  

food and foodstuffs packed in polycarbonate plastics significantly increase the exposure to 

BPA. Interestingly, the participants of the control group excreted a higher amount of BPA 

during the study than in the FVU.  

The estimated dietary exposure (Chapter 2) for the exposed group was 2-fold higher in day 

1 and 1.3-fold higher in day 2 than the real exposure calculated from the urinary BPA 

(Chapter 3). On the other hand, for the control group, urinary BPA values revealed that 75% 

of the total exposure in day 1 came from the diet. The dietary contribution to total exposure 

lowered to 33% in day 2. Differences in both estimated and real BPA exposures could be the 

result of: i) the potential exposure to BPA through other routes, such as dermal absortion 

or air inhalation; ii) the potential excretion of BPA through other elimination pathways, like 

sweat (Genuis et al., 2012); and/or iii) the potential bioaccumulation of BPA in adipose 

tissue (Artacho-Cordón et al., 2018). 

Finally, the dietary exposure to BPA of the exposed population was similar to values 

reported worldwide, while that of the control group was similar to countries with diet based 

on traditional cuisine, such as Tunisia (Huang et al., 2017). This substantial difference might 

be related to the fact that the diet of the control group avoids the consumption of canned 

food, while that of other studies might contain both canned and non-canned foodstuffs. 

Moreover, the exposure to this group of compounds – mostly used in food products – is 

more likely to happen in developed countries compared to developing countries, because 

of the higher consumption rates of canned or processed food. Therefore, it is reasonable 

that European countries present higher exposure levels to BPA. Anyhow, even when a 
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potentially high-BPA diet was designed, the average daily exposures to BPA are clearly 

below the temporary TDI (4 µg/kg bw/day) established by EFSA, (2015). Although this 

threshold is not definitive, with the actual TDI value, we can consider that the current 

exposure to BPA does not pose a risk for the human health, even when consuming a 

potentially high-BPA diet.  

Currently, EFSA is undergoing a re-evaluation of the TDI for the BPA along with its exposure 

effects to the human population which is expected to be delivered later in 2020. 

Anyway, it is also remarkable that low doses of BPA have been reported to cause some 

adverse health effects, such as allergic pulmonary inflammation, airway 

hyperresponsiveness and hormone receptor downregulation (Yanagisawa et al., 2019). In 

addition, a feminization of the male offspring along with a decreased sperm count was also 

reported (Mandrup et al., 2016).  

Furthermore, the chronic exposure to BPA should be also taken into account because 

humans are permanently exposed to low concentrations of BPA. This chronic exposure to 

low doses of BPA has been found to affect sperm production and motility. Moreover, male 

hormones, like testosterone can be reduced, while female hormones, like estradiol can be 

increased (Ullah et al., 2018).  

In duplicate diet studes, the socioeconomic level is not an important factor because all the 

consumed food is provided in a food basket. Although this issue should be a critical 

consideration when performing larger biomonitoring studies. In general, people with lower 

incomes have higher BPA levels (Nelson et al., 2012). This could be the result of a limited 

access to fresh food, and a higher consumption of ready-to-eat food or processed food, 

such as canned food (Ruiz et al., 2017; Nelson et al., 2012). Higher BPA levels were even 

reported for people who had low food security and received emergency food assistance, 

which is likely to contain canned food (Nelson et al., 2012). Therefore, attention should be 

paid to the most vulnerable part of the society.  
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Overall discussion 

When modelling urinary BPA elimination, the amount of total BPA excretion in spot urine 

samples, as well as 4- 12- and 24-hours intervals was compared. It was observed that the 

wider the interval is, the lower the sensitivity to exhibit changes during the duplicate diet 

study. Thus, the 4h-interval was the optimal interval of urine sampling. In parallel, R2 of the 

mixed model worsens as the interval increases, proving that the shorter the interval is, the 

better the excretion of total BPA is modelled. This finding was relevant and should be 

further considered when assessing BPA exposure. Most studies consider only 24-h urine 

composites samples, instead of point sample. In these, the elimination curve might not be 

as accurate as with shorter intervals.  According to our calculations, urine samples of 4-h or 

less should be collected and alaysed in order to avoid any loss of sensitivity. 

Biomonitoring data could be useful to validate physiologically based pharmacokinetic 

(PBPK) models, which predicts the absortion, distribution, metabolism and excretion 

(ADME) of BPA in the human body compartments without the need to analyse biological 

tissues (Martínez et al., 2018; Sharma et al., 2018). 

Unconjugated BPs analogues, other than BPA, were not detected in any of the urine 

samples. In turn, total BPAF, BPF and BPE were detected in few samples from the exposed 

group. Anyhow, the results of BPs in foodstuffs indicated that the occurrence of these BPs 

analogues was not related to the consumption of canned products, so it is likely to happen 

as a consequence of using personal care products – such as face cleansers, toothpaste or 

moisturizers – or handling thermal paper, like bus tickets (Lu et al., 2018; Rochester and 

Bolden, 2015).  

Finally, the assessment of BPs in blood, being differentiated in three matrices, was carried 

out as a complementary analysis to understand whether certain BPs tend to remain in 

blood, instead of being rapidly excreted through urine. However, the detection rate of the 

6 BPs analogues  (BPA, BPE, BPB, BPF, BPAF, BPZ)  in the three blood matrices was extremely 

low and random, being hardly related to the dietary exposure. Anyhow, it should be noted 

that the participant with the highest concentrations of BPA declared to smoke and take 

medication during the study, so, some kind of interference might have occurred (He et al., 
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2009). Probably, non-smokers and healthy population should have been an additional 

eligibility criterion in order to avoid potential interferences coming from these type of 

sources. 

Our uncommonly low detection rates might be related to the fact that in the scientific 

literature BPs analysis are usually performed by means of LC-MS/MS instead of GC-MS. 

However, scarce results found in whole blood, plasma and RBC fractions could be explained 

by the fact that BPA is a non-persistent compound in the body and it is quickly metabolized. 

Consequently, the occurrence of BPA in blood can be several orders of magnitude lower 

than in urine (Calafat et al., 2015). Because of that, it can be concluded that blood is not a 

suitable biological matrix to assess the exposure to BPs. 

In general, BP analogues – other than BPA – are starting to be detected in several matrices, 

like urine or food, according to recent data from the scientific literature. The increasing 

trend of replacing BPA with other analogues is likely to increase the human exposure to a 

mixtures of BPs and possibly other endocrine-disrupting chemicals. The combined exposure 

to chemical “cocktails”, including BPs and many other chemical agents, is the current reality, 

so understanding of this co-exposure is a need to highlight BPs mechanisms of action and 

the potential adverse health effects resulting from this co-exposure. Moreover, taking into 

account that some of BPA alternatives have been found to be as toxic as BPA, it is not 

unreasonable to demand a proper regulation taking all bisphenols as a group and not only 

as individual compounds. Great efforts have been done to regulate BPA in Europe, including 

a new report re-evaluating toxicological data expected to be ready later in 2020. 

Nonetheless, because of a lack of reliable toxicological data, the regulation of other 

bisphenol analogues is not expected in a short term.
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Conclusions 

Specific conclusions 

1. GC-MS is a suitable analytical technique to identify and quantify BPs in biological 

and food tissues. However, it may be less sensitive for certain BPs analogues than 

other analytical techniques. 

2. BPA is a largely widespread food processing contaminant, regardless the material 

of food packaging. Anyhow, its occurrence in canned foodstuffs is higher than in 

fresh or glass-packed food. 

3. Canned asparagus surpassed the migration limit set by the European Commission. 

This fact should be further investigated to confirm whether it is a single or common 

event, so proper decisions must be made accordingly. 

4. BPB and BPE were also detected in food, although in a much lower rate than BPA. 

No traces of other BP analogues (BPS, BPAF, BPZ, BPF, BPAP) could be found in any 

food sample. 

5. BPA was also the main compound excreted through urine during the duplicate diet 

study. Traces of the other BPs were detected in point and random urine samples, 

being not related to dietary exposure. However, the use of personal care products 

and handling thermal paper could have been a role.  

6. The low detection rate of BPs in blood confirmed that this biological matrix is not 

suitable for the biomonitoring of BPs. 

7. The dietary intake of BPA through canned food was significantly correlated with a 

higher exposure to BPA.  

8. The real exposure, calculated from urinary BPA, was similar to that estimated from 

the dietary ingestion for both exposure groups. Little differences between real and 

estimated values could be the result of the potential exposure and/or excretion of 

BPA through other routes.  

9. When the collection and analysis of spot urine samples is not possible, urine should 

be collected by considering 4-h intervals. Wider intervals (12- and 24-h) show less 

sensitivity to detect potential changes in the excretion of BPA. 
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10. The calculated exposure to BPA accounted less than the 3% of the t-TDI. Therefore, 

according to EFSA, a diet rich in canned foodstuffs should not pose a risk to human 

health. Anyhow, this t-TDI will be updated in 2020, and the conclusion of no-risk 

should be revised. In any case, it is well known that a chronic exposure to BPs may 

represent a long-term risk for human health, even at low doses.  

11. Since BPs analogues may own a similar structure and estrogenic effects to BPA, 

regulation should be aimed at BPs as a mixture instead of only BPA. Moreover, 

synergistic, additive and antagonistic effects derived from the co-exposure to BPs 

should be also considered. 

General conclusion 

BPA is ubiquitously present in foodstuffs, being its content higher in canned than in fresh or 

glass-packed food. The consumption of canned food leads to a higher exposure to BPA, 

although at levels below the TDI established by the EFSA. In any case, special attention must 

be paid to BPA and other BP analogues because their exposure has been related to adverse 

health effects, even at low doses. Interestingly, the occurrence of other analogues in food 

and urine is hardly linked to canned foodstuffs and their consumption, being the use of 

personal care products and thermal paper other potential exposure pathways. Finally, the 

rising occurrence of other unregulated BPs is likely to increase human exposure to a mixture 

of BPs, this increasing their potential endocrine-disrupting effects. Consequently, an 

integral legislation covering not only BPA but also other BP analogues should be developed 

by regulatory organizations.  
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https://doi.org/10.1016/j.envres.2019.108576 Quartile 1. Impact Factor: 5.026. SJR: 1.567. [Year: 

2018/2019] 

Schreiber, E., Alfageme, O., Garcia, T., González, N., Sirvent, J.J., Torrente, M., Gómez, M., Domingo, 

J.L., 2019. Oral exposure of rats to dienestrol during gestation and lactation: Effects on the 

reproductive system of male offspring. Food and Chemical Toxicology 128, 193-201. 
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Research stays 
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ANNEX 2 – Supporting information chapter 3 

 

Table S1. Levels of BP analogues in urine samples from the canned group. In bold, levels above the 
LOD. LODBPF, BPA, BPAF, BPE: 0.2 µg/l; LOQBPF, BPA, BPAF, BPE: 0.07 µg/l 

Participant Day Sample 

Bisphenol analogues (µg/l) 

BPAF BPF BPE BPA 

Free Total Free Total Free Total Free Total 

1 

1 

1 <LOD 1.05 <LOD <LOD <LOD <LOD <LOD 2.91 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.41 

3 <LOD <LOD <LOD <LOD <LOD <LOD 0.14 0.82 

4 <LOD <LOD <LOD <LOD <LOD <LOD 0.33 1.85 

5 <LOD <LOD <LOD <LOD <LOD <LOD 0.62 2.01 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.92 

7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.45 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.09 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.55 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.74 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.29 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.56 

3 1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.84 

2 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.20 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.93 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.37 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.82 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.51 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.72 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.89 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.12 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.09 

7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.22 

3 1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.55 

3 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.45 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.12 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.29 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.72 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 8.86 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 13.4 

2 <LOD <LOD <LOD <LOD <LOD <LOD 0.063 12.1 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 12.9 

3 1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 6.78 

5 1 1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.95 
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2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.97 

3 <LOD <LOD <LOD <LOD <LOD <LOD 0.37 1.15 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.16 

5 <LOD <LOD <LOD <LOD <LOD <LOD 0.11 1.90 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.56 

7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.11 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 7.80 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.52 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.11 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.71 

5 <LOD <LOD <LOD <LOD <LOD 0.094 <LOD 1.29 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.25 

7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 6.12 

3 1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.01 

8 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.53 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.16 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.47 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 11.1 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 11.2 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 12.7 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 8.43 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 13.4 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.97 

3 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.92 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 6.46 

9 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 15.7 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.22 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.79 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.44 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.60 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.91 

7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.34 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 3.99 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 8.68 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 10.6 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 6.97 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.34 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 6.67 

3 1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.11 

10 1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.48 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 0.82 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 0.59 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 1.22 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 2.44 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 1.29 
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7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 9.43 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 11.2 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 6.40 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 1.14 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.70 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 2.64 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.84 

3 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 8.41 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.97 

18 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.78 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.10 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 6.88 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.05 

2 <LOD 0.50 <LOD <LOD <LOD <LOD <LOD 3.51 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.02 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.83 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 6.54 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.90 

7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.94 

3 1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.38 

20 

1 

1 <LOD <LOD <LOD 3.88 <LOD <LOD <LOD 2.06 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 2.51 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.51 

6 <LOD <LOD <LOD <LOD <LOD 0.33 0.16 5.11 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 6.44 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.56 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.80 

5 <LOD <LOD <LOD <LOD <LOD 0.28 <LOD 7.36 

6 <LOD <LOD <LOD <LOD <LOD 0.22 <LOQ 3.29 

7 <LOD <LOD <LOD <LOD <LOD <LOD 0.032 1.37 

8 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 12.6 

3 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 14.8 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.38 

21 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.74 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.78 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.23 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.38 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.40 

2 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 34.8 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.63 
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3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.04 

4 <LOD <LOD <LOD <LOD <LOD 0.48 <LOD 8.44 

3 1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 22.8 

22 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.64 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.68 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.44 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 9.66 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 12.3 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 10.1 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 13.5 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 12.2 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 17.0 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 16.2 

3 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 12.5 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 16.1 

23 

1 
1 <LOD <LOD <LOD 3.26 <LOD <LOD <LOD 1.94 

2 <LOD <LOD <LOD 0.91 <LOD <LOD <LOD 3.87 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 17.2 

2 <LOD <LOD <LOD 11.9 <LOD <LOD <LOD 3.40 

3 <LOD <LOD <LOD 3.73 <LOD <LOD <LOD 3.38 

3 1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.03 

24 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.67 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.28 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.43 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 8.75 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.25 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.26 

7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.95 

8 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.90 

9 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.02 

10 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.52 

11 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.62 

12 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.57 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.35 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.96 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.96 

4 <LOD <LOD <LOD 13.5 <LOD <LOD <LOD 19.9 

5 <LOD <LOD <LOD 3.03 <LOD <LOD <LOD 6.09 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.15 

7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.08 

8 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 6.12 

3 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.66 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.63 

25 1 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.45 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.60 
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3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.72 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.93 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.88 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.33 

7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.51 

8 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 4.83 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 12.9 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 18.6 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 18.2 

4 <LOD <LOD <LOD 12.3 <LOD <LOD <LOD 11.7 

5 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 7.22 

6 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 5.86 

7 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.50 

8 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.85 

9 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.18 

3 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 9.53 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 7.62 

 

Table S2. Levels of BP analogues in urine samples from the control group. In bold, levels above the 
LOD. LODBPF, BPA: 0.2 µg/l; LOQBPF, BPA: 0.07 µg/l 

Participant Day Sample 

Bisphenol analogues (µg/l) 

BPF BPA 

Free Total Free Total 

4 

1 

1 <LOD <LOD <LOD 0.76 

2 <LOD <LOD <LOD 2.62 

3 <LOD <LOD 0.12 1.37 

4 <LOD <LOD <LOD 0.57 

5 <LOD <LOD <LOD 1.05 

6 <LOD <LOD <LOD 2.35 

2 

1 <LOD <LOD <LOD 4.06 

2 <LOD 4.08 <LOD 0.78 

3 <LOD <LOD <LOD 1.25 

4 <LOD <LOD <LOD 1.70 

5 <LOD <LOD <LOD 3.07 

6 <LOD <LOD <LOD 2.10 

3 1 <LOD <LOD <LOD 1.51 

6 

1 

1 <LOD <LOD <LOD 3.58 

2 <LOD <LOD <LOD 2.05 

3 <LOD <LOD 0.043 0.77 

4 <LOD <LOD 0.14 0.65 

5 <LOD <LOD 0.26 1.38 

2 

1 <LOD <LOD <LOD 2.43 

2 <LOD <LOD <LOD 1.02 

3 <LOD <LOD <LOD <LOD 
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4 <LOD <LOD <LOD 1.43 

5 <LOD <LOD <LOD 1.73 

6 <LOD <LOD <LOD 2.08 

3 
1 <LOD <LOD <LOD 0.57 

2 <LOD <LOD <LOD 0.86 

7 

1 

1 <LOD <LOD <LOD 3.34 

2 <LOD <LOD <LOD 3.62 

3 <LOD <LOD <LOD 0.89 

4 <LOD <LOD <LOD 0.89 

5 <LOD <LOD <LOD 4.34 

2 

1 <LOD <LOD <LOD 6.87 

2 <LOD <LOD <LOD 2.73 

3 <LOD <LOD <LOD 3.04 

4 <LOD <LOD <LOD 2.53 

3 1 <LOD <LOD <LOD 3.40 

11 

1 

1 <LOD <LOD <LOD 2.35 

2 <LOD <LOD <LOD 1.43 

3 <LOD <LOD <LOD 1.26 

4 <LOD <LOD <LOD 0.93 

5 <LOD <LOD <LOD 1.30 

6 <LOD <LOD <LOD 1.13 

2 

1 <LOD <LOD <LOD 11.2 

2 <LOD <LOD <LOD 6.34 

3 <LOD <LOD <LOD 2.14 

4 <LOD <LOD <LOD 2.68 

5 <LOD <LOD <LOD 2.45 

6 <LOD <LOD <LOD 1.96 

3 
1 <LOD <LOD <LOD 1.43 

2 <LOD <LOD <LOD 1.87 

12 

1 

1 <LOD <LOD <LOD 1.44 

2 <LOD <LOD <LOD 1.10 

3 <LOD <LOD <LOD 0.68 

4 <LOD <LOD <LOD <LOD 

5 <LOD <LOD <LOD 0.17 

2 

1 <LOD <LOD <LOD 2.32 

2 <LOD <LOD <LOD 5.13 

3 <LOD <LOD <LOD 1.51 

4 <LOD <LOD <LOD <LOD 
5 <LOD <LOD <LOD <LOD 
6 <LOD <LOD <LOD <LOD 
7 <LOD <LOD <LOD 2.09 

8 <LOD <LOD <LOD 2.46 

3 1 <LOD <LOD <LOD 1.13 

13 1 
1 <LOD <LOD <LOD 0.71 

2 <LOD <LOD <LOD 1.81 
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3 <LOD <LOD <LOD 4.13 

4 <LOD <LOD <LOD 3.68 

5 <LOD <LOD <LOD 0.65 

2 

1 <LOD <LOD <LOD 1.80 

2 <LOD <LOD <LOD 2.12 

3 <LOD <LOD <LOD 2.85 

4 <LOD <LOD <LOD 1.28 

3 
1 <LOD <LOD <LOD 1.02 

2 <LOD <LOD <LOD <LOD 

14 

1 

1 <LOD <LOD <LOD 2.26 

2 <LOD <LOD <LOD 2.55 

3 <LOD <LOD <LOD 0.51 

4 <LOD <LOD <LOD 0.46 

5 <LOD <LOD <LOD <LOD 

2 

1 <LOD <LOD <LOD 0.91 

2 <LOD <LOD <LOD 2.57 

3 <LOD <LOD <LOD 1.31 

4 <LOD <LOD <LOD 0.64 

5 <LOD <LOD <LOD <LOD 
6 <LOD <LOD <LOD <LOD 
7 <LOD <LOD <LOD 1.09 

3 1 <LOD <LOD <LOD <LOD 

15 

1 

1 <LOD <LOD <LOD <LOD 
2 <LOD <LOD <LOD 3.86 

3 <LOD <LOD <LOD 0.83 

4 <LOD <LOD <LOD 0.37 

5 <LOD <LOD 0.087 0.54 

6 <LOD <LOD <LOD 1.46 

2 

1 <LOD <LOD <LOD 1.32 

2 <LOD <LOD <LOD 2.07 

3 <LOD <LOD <LOD 2.08 

4 <LOD <LOD <LOD 0.95 

5 <LOD <LOD <LOD 0.34 

3 
1 <LOD <LOD <LOD <LOD 
2 <LOD <LOD <LOD <LOD 

16 

1 

1 <LOD <LOD <LOD 2.39 

2 <LOD <LOD <LOD 3.36 

3 <LOD <LOD <LOD 2.32 

4 <LOD <LOD <LOD 1.40 

5 <LOD <LOD <LOD 0.65 

2 

1 <LOD <LOD <LOD 1.88 

2 <LOD <LOD <LOD 1.41 

3 <LOD <LOD <LOD 1.52 

4 <LOD <LOD <LOD 1.47 

5 <LOD <LOD 0.058 1.23 
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6 <LOD <LOD 0.13 1.05 

7 <LOD <LOD <LOD 1.22 

3 
1 <LOD <LOD <LOD 0.52 

2 <LOD <LOD <LOD 1.02 

17 

1 

1 <LOD <LOD <LOD 3.10 

2 <LOD <LOD <LOD 4.45 

3 <LOD <LOD <LOD 1.69 

4 <LOD <LOD <LOD 0.47 

5 <LOD <LOD <LOD 1.27 

6 <LOD <LOD <LOD 4.71 

2 

1 <LOD <LOD <LOD 10.7 

2 <LOD <LOD <LOD 4.12 

3 <LOD <LOD <LOD 0.82 

4 <LOD <LOD <LOD 1.01 

5 <LOD <LOD <LOD 0.45 

6 <LOD <LOD <LOD 0.56 

7 <LOD <LOD <LOD 1.87 

3 1 <LOD <LOD <LOD 2.30 

26 

1 

1 <LOD <LOD <LOD 3.29 

2 <LOD <LOD <LOD 4.34 

3 <LOD <LOD <LOD 3.23 

4 <LOD <LOD <LOD 4.67 

2 

1 <LOD <LOD <LOD 4.34 

2 <LOD <LOD <LOD 3.08 

3 <LOD 3.13 <LOD 4.92 

4 <LOD <LOD <LOD 3.05 

3 1 <LOD <LOD <LOD 1.34 

 

Table S3. Mixed model between canned and non-canned diet groups considering 12-hour intervals 

 

 

 

 

 

Predictors 
Amount (µg) 

Estimates CI p 

Intercept 0.82 0.52 – 1.13 <0.001 
Non-canned -0.78 -1.17 – -0.39 0.001 
Day 1 17:00 0.28 -0.04 – 0.60  0.086 
Day 2 05:00 0.85 0.56 – 1.14 <0.001 
Day 2 17:00 0.31 0.00 – 0.62 0.049 
Day 3 05:00 0.67 0.23 – 1.11 0.003 

Random effects 

σ2 0.95   

τ00 person 0.17   

ICC person 0.15   
Observations 327   
Marginal R2 / Conditional R2 0.179 / 0.301   
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Table S4. Mixed model between canned and non-canned diet groups considering 24-hour intervals 

 

 

 

 

 

 

 

 

 

Predictors 
Amount (µg) 

Estimates CI p 

Intercept 0.93 0.65 – 1.20 <0.001 
Non-canned -0.77 -1.15 – -0.38 0.001 
Day 2 05:00 0.49 0.27 – 0.72 <0.001 
Day 3 05:00 0.56 0.13 – 0.99 0.011 

Random effects 

σ2 0.99   

τ00 person 0.16   

ICC person 0.14   
Observations 327   
Marginal R2 / Conditional R2 0.149 / 0.266   
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9

2 

Table S5. Levels of BP analogues in whole blood samples from the canned diet group. In bold, levels above the LOD. LODBPAF, BPA: 0.1 µg/l; LODBPF: 0.2 
µg/l; LODBPE, BPS: 0.5 µg/l; LODBPB: 2.5 µg/l. LOQBPAF, BPA: 0.03 µg/l; LOQBPF: 0.07 µg/l; LOQBPE, BPS: 0.17 µg/l; LOQBPB: 0.83 µg/l 

Participant Extraction 

Bisphenol analogues (µg/l) 

BPAF BPF BPE BPA BPB BPS BPZ 

Free Total Free Total Free Total Free Total Free Total Free Total Free Total 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

5 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

8 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

9 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

10 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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1
9

3 

A
n

n
ex 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1.87 <LOD 1.85 <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

18 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD 3.51 21.7 <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 25.2 <LOD <LOD <LOD <LOD <LOD <LOD 

20 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

21 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

22 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

23 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

24 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.25 <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

25 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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Table S6. Levels of BP analogues in whole blood samples from the control diet group. In bold, levels above the LOD. LODBPAF, BPA: 0.1 µg/l; LODBPF: 0.2 
µg/l; LODBPE, BPS: 0.5 µg/l; LODBPB: 2.5 µg/l. LOQBPAF, BPA: 0.03 µg/l; LOQBPF: 0.07 µg/l; LOQBPE, BPS: 0.17 µg/l; LOQBPB: 0.83 µg/l 

Participant Extraction 

Bisphenol analogues (µg/l) 

BPAF BPF BPE BPA BPB BPS BPZ 

Free Total Free Total Free Total Free Total Free Total Free Total Free Total 

4 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

6 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

7 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

11 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

12 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

13 1 <LOD 32.3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

14 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

15 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

16 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

17 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

26 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 0.73 <LOD <LOD <LOD <LOD <LOD <LOD 
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Table S7. Levels of BP analogues in plasma samples from the canned diet group. In bold, levels above the LOD. LODBPAF, BPA: 0.1 µg/l; LODBPF: 0.2 µg/l; 
LODBPE, BPS: 0.5 µg/l; LODBPB: 2.5 µg/l. LOQBPAF, BPA: 0.03 µg/l; LOQBPF: 0.07 µg/l; LOQBPE, BPS: 0.17 µg/l; LOQBPB: 0.83 µg/l 

Participant Extraction 

Bisphenol analogues (µg/l) 

BPAF BPF BPE BPA BPB BPS BPZ 

Free Total Free Total Free Total Free Total Free Total Free Total Free Total 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

5 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

8 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

9 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

10 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

18 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

20 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

21 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

22 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

23 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

24 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.07 <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

25 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 3.84 <LOD <LOD <LOD <LOD 
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Table S8. Levels of BP analogues in plasma samples from the control diet group. In bold, levels above the LOD. LODBPAF, BPA: 0.1 µg/l; LODBPF: 0.2 µg/l; 
LODBPE, BPS: 0.5 µg/l; LODBPB: 2.5 µg/l. LOQBPAF, BPA: 0.03 µg/l; LOQBPF: 0.07 µg/l; LOQBPE, BPS: 0.17 µg/l; LOQBPB: 0.83 µg/l 

Participant Extraction 

Bisphenol analogues (µg/l) 

BPAF BPF BPE BPA BPB BPS BPZ 

Free Total Free Total Free Total Free Total Free Total Free Total Free Total 

4 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

6 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

7 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

11 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

12 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

13 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

14 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

15 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

16 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

17 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

26 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 16.2 <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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Table S9. Levels of BP analogues in RBC samples from the canned diet group. In bold, levels above the LOD. LODBPAF, BPA: 0.1 µg/l; LODBPF: 0.2 µg/l; 
LODBPE, BPS: 0.5 µg/l; LODBPB: 2.5 µg/l. LOQBPAF, BPA: 0.03 µg/l; LOQBPF: 0.07 µg/l; LOQBPE, BPS: 0.17 µg/l; LOQBPB: 0.83 µg/l 

Participant Extraction 

Bisphenol analogues (µg/l) 

BPAF BPF BPE BPA BPB BPS BPZ 

Free Total Free Total Free Total Free Total Free Total Free Total Free Total 

1 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

5 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

8 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

9 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

10 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

18 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

20 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

21 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

22 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

23 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

24 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

25 
1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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Table S10. Levels of BP analogues in RBC samples from the control diet group. In bold, levels above the LOD. LODBPAF, BPA: 0.1 µg/l; LODBPF: 0.2 µg/l; 
LODBPE, BPS: 0.5 µg/l; LODBPB: 2.5 µg/l. LOQBPAF, BPA: 0.03 µg/l; LOQBPF: 0.07 µg/l; LOQBPE, BPS: 0.17 µg/l; LOQBPB: 0.83 µg/l 

Participant Extraction 

Bisphenol analogues (µg/l) 

BPAF BPF BPE BPA BPB BPS BPZ 

Free Total Free Total Free Total Free Total Free Total Free Total Free Total 

4 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

6 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

7 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

11 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

12 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 2.71 <LOD <LOD <LOD <LOD <LOD <LOD 

13 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

14 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD 2.04 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

15 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

16 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

17 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

26 

1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

3 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

4 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
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