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Abstract

Background—Systemic absorption of phthalates and parabens has been demonstrated after 

dermal application of body lotion, and medical devices such as intravenous bags and tubing have 

been identified as a source of exposure to di(2-ethylhexyl) phthalate (DEHP). However, use of 

products during medical procedures such as aqueous gel applied during obstetrical ultrasound in 

pregnancy has not been investigated as a potential source of endocrine disrupting chemical (EDC) 

exposure. Human studies have associated EDCs with various adverse pregnancy outcomes. There 

is a need to identify sources of inadvertent exposure to EDCs especially during vulnerable 

developmental periods such as pregnancy.

Objectives—We conducted a pilot study to determine whether use of gel during routine 

obstetrical ultrasound increased urinary concentrations of phthalate and phenol biomarkers.
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Methods—We recruited 13 women from the Massachusetts General Hospital who provided spot 

urine samples at the time of their second trimester anatomic survey. The first sample was collected 

prior to the procedure (pre-exposure, time 1), and two additional samples were obtained at 

approximately 1–2 hours (time 2) and 7–12 hours (time 3) post-exposure following the scan.

Results—Urinary concentrations of several DEHP metabolites and metabolite of diisononyl 

cyclohexane-1,2-dicarboxylate (DINCH) increased across time. For example, the geometric mean 

concentrations of mono(2-ethyl-5-hydroxyhexyl) phthalate increased from 3.1 ng/ml to 7.1 ng/ml 

(p-value=0.03) between time 1 and time 3. We also observed significant differences in 

concentrations of metabolites of butylbenzyl phthalate (BBzP), di-n-butyl phthalate (DnBP), and 

di-isobutyl phthalate (DiBP). For example, mono-n-butyl phthalate (metabolite of DnBP) 

decreased from 3.5 ng/ml to 1.8 ng/ml (p-value=0.04) between time 1 and time 2, but then 

increased to 6.6 ng/ml (p-value=0.002) at time 3. Propylparaben concentrations increased from 8.9 

ng/ml to 33.6 ng/ml between time 1 and time 2 (p-value=0.005), followed by a decrease to 12.9 

ng/ml at time 3 (p-value=0.01). However, we cannot rule out the possibility that some of the 

observed differences are due to other sources of exposure to these compounds.

Conclusions—While additional research is needed, this pilot study potentially identifies a 

previously unknown source of phthalate and paraben exposure among pregnant women 

undergoing routine ultrasound examination.
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BACKGROUND

Phthalates, parabens, triclosan, and benzophenone-3 are endocrine disrupting chemicals 

(EDCs) with widespread use in many personal care products including cosmetics, lotions, 

creams, perfumes/cologne, and gels (Ferguson et al. 2017). Use of personal care products 

(PCPs) is an important route of exposure to some EDCs (Ferguson et al. 2017; Duty et al. 

2005; Philippat et al. 2015). Systemic absorption of parabens and phthalates has been 

demonstrated after dermal application of body lotion (Janjua et al. 2007) and medical 

devices such as intravenous tubing and bags have been identified as a source of di(2-

ethylhexl) phthalate (DEHP) exposure (Green et al. 2005; Latini et al. 2009). However, use 

of other products during medical examinations or procedures, such as aqueous gel used to 

facilitate trans-abdominal imaging during obstetrical ultrasound in pregnancy has not been 

investigated as a possible source of EDC exposure.

Both phthalates and parabens have properties appealing to manufacturers of personal care 

products. Low molecular weight phthalates are often used as solubilizing agents and are 

added to products containing fragrance or perfume as they help bind the scent and color. 

Parabens are widely used as preservatives to increase shelf life in moisturizers, skin lotions, 

and other personal care products. Ingredients listed by the manufacturers of aqueous 

ultrasound gel products used during ultrasound include propylparaben, fragrance, and dyes. 

Therefore, ultrasound gel used in gynecological and obstetric exams may be a potentially 
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important yet unrecognized source of exposure given its use during vulnerable 

developmental periods such as pregnancy.

Accumulating epidemiologic evidence has associated EDCs with adverse reproductive 

health outcomes in humans, including infertility, implantation failure, pregnancy loss, 

reduced clinical pregnancy rates, preterm birth, preeclampsia, and poorer child development 

(Gore et al. 2015; Woodruff et al. 2008). Studies have shown that the developing embryo and 

fetus are particularly sensitive to potential adverse effects of EDCs (Gore et al. 2015; 

Wittassek et al. 2009). Preterm neonates in intensive care units have substantially higher 

urinary concentrations of DEHP, di-isononyl phthalate (DiNP), butylbenzyl phthalate 

(BBzP) and bisphenol A compared to full term infants, suggesting higher exposure and 

potentially differential metabolism by gestational age at birth (Green et al. 2005; Calafat et 

al. 2009; Weuve et al. 2006; Huygh et al. 2015). Phthalates and phenols can cross the 

placenta and have been detected in amniotic fluid, cord blood, and newborn meconium 

(Wittassek et al. 2009; Philippat et al. 2013). Furthermore, several phthalate metabolites 

have been detected in the urine of both preterm and full-term infants at post-natal day 

7(Frederiksen et al. 2014).

Despite widespread use of phthalates, parabens, and other phenols in cosmetics and PCPs, 

there are limited data on systemic human absorption of these compounds through the skin 

(Janjua et al. 2007). To our knowledge no study has investigated whether ultrasound gel 

products used during routine obstetric ultrasound scans are a source of exposure to these 

chemicals. A better understanding of potentially unknown sources of exposure during 

critical developmental windows such as periconception and pregnancy is important and 

provides data that may be used to reduce exposure. The objective of this study was to 

determine whether exposure to gel during routine obstetrical ultrasound examinations 

increased urinary concentrations of 17 individual phthalate metabolites, 2 metabolites of 

diisononyl cyclohexane-1,2-dicarboxylate (DINCH), and 11 phenols.

METHODS

Study Cohort

The Environment and Reproductive Health (EARTH) Study is a prospective preconception 

cohort of couples from the Massachusetts General Hospital (MGH) Fertility Center. The 

study was designed to evaluate the effects of environmental exposures and diet on fertility 

and pregnancy outcomes. The EARTH Study has been ongoing since 2004 and has recruited 

approximately 800 women and 500 men to date. Women 18 – 46 years are eligible to 

participate and may enroll independently or as a couple. Participants are followed from 

study entry throughout their fertility care, pregnancy, and delivery. At enrollment, 

participants completed a study staff-administered sociodemographic, lifestyle, and medical 

history questionnaire. They also completed a more comprehensive questionnaire on family, 

medical, reproductive and occupational history, stress, product use, smoking history, and 

physical activity.
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Pilot Study Design

EARTH Study participants who were pregnant and scheduled for their routine 20-week 

anatomic survey ultrasound between December 2014 and December 2015 were approached 

to take part in this pilot study at the MGH obstetrical outpatient unit. The pilot was designed 

to investigate potential exposure at the time of participant’s routine ultrasound at 

approximately 17 to 20 weeks gestation. Participants provided a total of three spot urine 

samples: the first two were obtained following trained study staff instructions on the 

obstetrical unit at the MGH. Sample 1 (S1) was collected immediately prior to the start of 

the ultrasound scan (pre-exposure, time 1) and sample 2 (S2) 1–2 hours after the 

commencement of the scan (post-exposure, time 2). Participants used a home urine 

collection kit that we provided to collect the third sample (S3) at 7–12 hours post ultrasound 

(post-exposure, time 3). The kit included instructions, a collection cup, ice packs, 

questionnaire, and pre-paid overnight mail back labels. All participants also completed self-

reported questionnaires at the time of each urine collection to identify product use and food/

beverage consumption. The ultrasound technician conducting the scan also completed a brief 

form identifying the length of the ultrasound, the products used (manufacturer name and 

product), whether the ultrasound was only trans-abdominal or if trans-vaginal imaging was 

also necessary, the number of fetuses, and approximate gestational age. Technicians 

additionally collected a sample of the gel applied during the procedure, which was stored for 

future analyses. Trained study staff described the study protocol to all participants in detail 

and answered questions, and participants provided written informed consent. The study was 

approved by the Institutional Review Boards of MGH, Harvard T.H. Chan School of Public 

Health, and the Centers for Disease Control and Prevention (CDC).

Phthalate and Phenol Measurement

All urine samples were collected in a polypropylene specimen cup and analyzed for specific 

gravity with a handheld refractometer (National Instrument Company, Inc., Baltimore, MD, 

USA), divided into aliquots, and frozen for long-term storage at −80 °C. Samples were 

shipped on dry ice overnight to the CDC (Atlanta, GA, USA) for quantification of urinary 

phthalate and phenol biomarker concentrations, as well as metabolites of diisononyl 

cyclohexane-1,2-dicarboxylate (DINCH, a replacement chemical for DEHP), using online 

solid phase extraction coupled with high performance liquid chromatography-isotope 

dilution tandem mass spectrometry (Silva et al. 2007; Ye et al. 2005). The urinary 

concentrations of the following 19 biomarkers were measured: monomethyl phthalate 

(MMP), primary metabolite of dimethyl phthalate (DMP); monoethyl phthalate (MEP), 

primary metabolite of diethyl phthalate (DEP); mono-n-butyl phthalate (MBP) and mono-3-

hydroxy-n-butyl phthalate (MHBP), metabolites of di-n-butyl phthalate (DBP); mono-

isobutyl phthalate (MiBP) and mono-hydroxyisobutyl phthalate (MHiBP), metabolites of 

DiBP, monoisononyl phthalate (MNP) and monocarboxyisooctyl phthalate (MCOP), 

metabolites of DiNP; mono(3-carboxypropyl) phthalate (MCPP), metabolite of di-n-octyl 

phthalate (DOP) and of other high molecular weight phthalates; monobenzyl phthalate 

(MBzP), metabolite of BBzP; mono(2-ethylhexyl) phthalate (MEHP); mono(2-ethyl-5-

oxohexyl) phthalate (MEOHP); mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP); and 

mono(2-ethyl-5-carboxypentyl) phthalate (MECPP), metabolites of DEHP; 

monocarboxyisononyl phthalate (MCNP), metabolite of di-isodecyl phthalate, and 
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cyclohexane-1,2-dicarboxylic acid-mono(hydroxy-isononyl) ester (MHiNCH) and 

cyclohexane-1,2-dicarboxylic acid-monocarboxy isooctyl ester (MCOCH), two oxidative 

metabolites of DINCH.

The urinary concentrations of the following eleven phenols were also quantified: 2,4-

dichlorophenol; 2,5-dichlorophenol; butylparaben; propylparaben; ethylparaben; 

methylparaben; triclosan; benzophenone-3; bisphenol A (BPA); bisphenol S (BPS); 

bisphenol F (BPF).

The limits of detection (LOD) for phthalates and DINCH metabolites ranged from 0.1 ng/ml 

(MiBP, MEOHP, MCNP, MCOP, MCPP, MECPP, MEHHP) to 0.6 ng/ml (MEP). For the 

other biomarkers the LOD range was 0.1 ng/ml (propylparaben, butylparaben, BPS, 2,5-

dichlorophenol) to 1.7 ng/ml (triclosan). Instrumental reading values were used for 

concentrations below the LOD. The molar sum of four DEHP metabolites was calculated by 

dividing each metabolite concentration by its molecular weight and then summing: ΣDEHP= 

[(MEHP*(1/278.34)) + (MEHHP*(1/294.34)) + (MEOHP*(1/292.33)) + 

(MECPP*(1/308.33))]. We then multiplied the molar sum by the molecular weight of 

MECPP (308.33) to convert ΣDEHP to ng/ml.

Baseline Characteristics and Other Covariates

Socio-demographic characteristics of study participants including age, race, education, 

smoking status, and parity were obtained from the EARTH Study baseline enrollment 

questionnaire. A study staff member measured participants’ height and weight at study entry. 

Body Mass Index (BMI) was calculated as pre-pregnancy weight (kilograms) divided by 

height (meters) squared. Smoking status was self-reported at baseline and categorized as 

never smoked vs. ever smoked, defined as a current or former smoker. The underlying cause 

of infertility was diagnosed by a physician using the Society for Assisted Reproductive 

Technology definitions.

Relevant information on the pregnancy including gestational age and duration of ultrasound 

was obtained from the ultrasound technician form. Length of ultrasound was estimated in 

minutes using start time and end time as recorded by the ultrasound technicians at the MGH 

obstetrical unit. The number of food and beverages items consumed, and personal care 

products used between sample intervals (S1 to S2, and S2 to S3) were counted and the 

median was estimated from the self-reported questionnaire data.

Statistical Analysis

We present the demographic and clinical characteristics among study participants as mean (± 

SD) or number (%). Urinary biomarker concentrations were adjusted for urinary dilution by 

multiplying the biomarker concentration by [(SGp-1)/(SGi-1)], where SGi is the specific 

gravity of the participant’s sample and SGp is the mean specific gravity for all female 

EARTH participants (N=739) included in the study (Pearson et al. 2009). The specific 

gravity-adjusted biomarker concentrations were natural log-transformed to standardize the 

distribution and reduce the influence of outliers. The geometric mean of the biomarker 

concentrations was calculated for each of the three collection times. We estimated 

differences in log biomarker concentrations at pre-exposure time 1 (S1) vs. post-exposure 
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time 2 (S2), pre-exposure time 1 (S1) vs. post-exposure time 3 (S3), as well as post-exposure 

time 2 (S2) vs. post-exposure time 3 (S3) using a signed rank test.

RESULTS

We enrolled 13 pregnant women into the pilot study, but excluded one woman who provided 

only a single urine sample. The 12 women included in this analysis were on average 34.6 

years of age and had a pre-pregnancy BMI of 23.8 kg/m2. Women were predominantly 

Caucasian (83%), had college (42%) or graduate degrees (58%) and were never smokers 

(75%). A quarter had a female cause of infertility (25%) and 67% were nulliparous (Table 

1). Women provided urine samples immediately before (S1) and twice after routine 

anatomical ultrasound scan at a median of 1.2 hours (S2) and 8.6 hours (S3) (Table 2). 

Measurements at time 1 took place between 7:00 AM and 4:30 PM. We obtained a total of 

34 urine samples: 10 women provided all three samples and two women provided only the 

first two samples. All participants underwent trans-abdominal ultrasound (mean 18.7 weeks 

gestation) and one of 12 women additionally underwent trans-vaginal ultrasound. The 

average duration of the ultrasound was 37 minutes (range 13 to 60 minutes). A single 

woman reported eating a food item (an apple), six women reported drinking only water, and 

four women reported using a personal care product (hand soap) between S1 and S2. All 

women completing the self-reported questionnaire reported eating, drinking and using 

personal care products between S2 and S3 (Appendix Table 3).

Phthalates and DINCH

The percentage of urine samples with detectable concentrations of phthalate and DINCH 

biomarkers ranged from 26% (MCOCH) to 100% (MCNP, MCOP, MECPP, MEP, MiBP) 

(Appendix Table 1). The geometric mean of the SG-adjusted urinary biomarker 

concentrations ranged from a low of 0.43 ng/ml (S1, MCOCH) to a high of 32.2 ng/ml (S3, 

MEP) (Appendix Table 1). We observed significant increases in concentrations between time 

1 and time 3 for DEHP metabolites MECPP, MEHHP, MEOHP and the DINCH metabolite 

MHiNCH (Table 3 and Appendix Figure 1). For example, following ultrasound gel 

application, the geometric mean concentration of MEHHP increased from 3.1 ng/ml at time 

1 to 7.1 ng/ml (p-value=0.03) at time 3 (Table 3 and Appendix Figure 1, Panel B). We also 

observed significant increases in geometric mean concentrations between time 2 and time 3 

for ΣDEHP (and individual metabolites MECPP, MEHHP, MEOHP) as well as MHiBP, 

MiBP, MBzP, and MBP. For example, MBP concentration decreased significantly from 3.5 

to 1.8 ng/ml (p-value=0.04) between time 1 and time 2, and then increased to 6.6 ng/ml (p-

value=0.002) at time 3 (Table 3 and Appendix Figure 1, Panel D). Urinary concentrations of 

metabolites MEP, MNP, MHINCH increased sequentially across the three time periods, 

while MCOCH and MHBP increased and then decreased only marginally at time 2 and time 

3, respectively (Table 3).

Phenols

The percentage of urine samples with detectable concentrations ranged from 26% (BPF) to 

100% (2,4-dichlorophenol, methylparaben, propylparaben, benzophenone-3) (Appendix 

Table 2). The geometric mean of the SG-adjusted urinary phenol concentrations ranged from 
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a low of 0.18 ng/ml (S1, BPS) to a high of 710 ng/ml (S2, benzophenone-3) (Appendix 

Table 2). We observed a significant almost four-fold increase in propylparaben 

concentrations between time 1 and time 2: the geometric mean urinary concentration 

increased from 8.9 to 33.6 ng/ml (p-value=0.005) and then decreased to 12.9 ng/ml at time 3 

(p-value=0.16) (Table 4 and Appendix Figure 2, Panel C). Among the 12 participants, 8 

showed increased urinary propylparaben concentrations at 1.2-hour post-ultrasound. 

Furthermore, the highest change in propylparaben was observed among the one woman who 

additionally underwent a trans-vaginal ultrasound with a nearly seven-fold increase between 

time 1 and time 2 (Appendix Figure 2, Panel C, subject 2). Excluding the subject with a 

trans-vaginal ultrasound from the study sample did not materially change the results and the 

increase in propylparaben concentration remained significant (data not shown). Similar 

patterns were observed for butylparaben: the geometric mean urinary concentration 

increased from 0.55 to 1.00 ng/ml (p-value=0.005) between time 1 to time 2 and then 

decreased back down to 0.50 ng/ml at time 3 (Table 4 and Appendix Figure 2, Panel D). 

However, the detection frequency for butylparaben was only 50%. The geometric mean of 

the other phenol concentrations did not differ significantly over the three time periods (Table 

4).

DISCUSSION

In this pilot study of pregnant women, we found suggestive evidence of systemic absorption 

of phthalates and propylparaben after dermal application of ultrasound gel used during 

routine obstetrical scan at 20 weeks gestation. Increases in urinary concentrations of DEHP 

metabolites and of MBP, MiBP, MHiBP, MBzP, and MCPP of samples taken at a median 

time of 8.6 hours post-ultrasound are consistent with reported peak urinary concentrations of 

phthalate metabolite concentrations at 7–12 hours post-ingestion or dermal application 

(Janjua et al. 2007; Sandanger et al. 2011). Overall, we observed a pattern of an initial small 

magnitude decrease in the geometric mean concentrations between time 1 and time 2 

followed by a larger increase in concentrations from time 2 to time 3 for several phthalate 

metabolites (MiBP, MBP, MMP, MHiBP, MBzP, MCNP, MCOP, MCPP, MECPP, MEHHP, 

MEOHP). For MBP and MiBP the geometric mean concentrations nearly doubled from time 

1 to time 3 and tripled from time 2 to time 3 (Table 3). One potential explanation for the 

increase at time 3 but not time 2 may be that dermal application of the gel leads to a delay in 

the systemic uptake of these phthalates following passage through the skin.

In contrast to phthalates, we observed a nearly quadrupling in urinary propylparaben 

concentrations between time 1 measurements (8.9 ng/ml) and samples at a median of 1.2-

hour post-ultrasound (33.6 ng/ml), followed by a decrease at almost 9 hours after ultrasound 

(12.9 ng/ml). This increase suggests rapid uptake following dermal application for 

propylparaben. This is consistent with Janjua et al. 2007 who found that around 70% of the 

maximal butylparaben blood peak after whole-body topical application was observed at 1-

hour post-intervention, demonstrating rapid dermal uptake (Janjua et al. 2007). In addition, 

metabolism studies using in vitro human liver microsomes have reported short half-lives for 

parabens, ranging from 0.5–1.5 hours (Jewell et al. 2007; Abbas et al. 2010). Among factors 

that may influence dermal permeation is the anatomical site of application, determined by 

the thickness of the stratum corneum and the vascularization of the skin area (Rougier et al. 
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1986). Thus, the abdominal area presents a medium to high absorption potential (Rougier et 

al. 1986), and it is well known that during pregnancy there is a remodeling of connective 

tissue and high vascularization, which might favor abdominal transdermal permeation 

(Geraghty and Pomeranz 2011). Interestingly, 8 of 12 participants showed increased urinary 

propylparaben concentrations at 1.2-hour post-ultrasound, and one of these women 

additionally underwent a trans-vaginal ultrasound, showing the highest change: a nearly 

seven-fold increase between time 1 and time 2 (Appendix Figure 2, Panel C). This is 

consistent with the fact that the vaginal wall and vulvar skin present a very thin stratum 

corneum and a high basal blood flow (Elsner et al. 1989). On the other hand, emulsion 

formulations can strongly influence the percutaneous absorption of parabens. It has been 

reported that lipophilic parabens, including propylparaben, increase their skin permeation 

when dissolved in an aqueous vehicle: with increasing lipophilic character, they become less 

soluble in the vehicle but more soluble in the stratum corneum (Pozzo and Pastori 1996). 

Overall, if we assume that the observed increase in propylparaben concentration was due to 

the ultrasound intervention, and not to other exposure sources, we may have missed the true 

peak in urine. Moreover, this peak might have occurred at 3 to 5-hours post-ultrasound, 

potentially explaining why we observed a decline in urinary propylparaben concentrations at 

8.6-hours post-ultrasound. While the use of propylparaben is acknowledged in the 

ultrasound gel formulation, partial confounding with other factors cannot be ruled out. 

Consequently, our results should be interpreted cautiously as we were limited by a small 

pilot study sample size and could not adjust for potential confounding factors.

Phthalates and parabens can be found in a myriad of products, and total human exposure 

occurs through several routes including dermal absorption, ingestion, and inhalation (Giulivo 

et al. 2016). Biomonitoring data suggest that exposure to phthalates and parabens is 

ubiquitous across the United States population (Calafat et al. 2010; Zota et al. 2014). 

Phthalate and parabens are considered non-persistent EDCs with short biological half-lives 

(Janjua et al. 2007; Albro 1986; Hoppin et al. 2002). Low molecular weight phthalates such 

as DEP, DiBP, and DnBP are used in PCPs (e.g., lotions) and in pharmaceuticals and 

lubricants. High molecular weight phthalates such as DEHP are used to impart flexibility to 

plastics and can be found in vinyl flooring, medical devices, food packaging materials, toys, 

and electronics. Parabens are widely used as preservatives in food and consumer products 

like moisturizers, skin lotions, hair/shaving products, food packaging-commodities and 

industrial products, due to their antimicrobial and anti-fungal properties (Giulivo et al. 2016; 

Soni et al. 2005). Thus, the main source of human exposure to parabens occurs via dermal 

absorption of PCPs (Giulivo et al. 2016).

While we found suggestive patterns of increases in urinary concentrations of biomarkers of 

DEHP, DBP and BBzP at nearly 9-hours after ultrasound and of propylparaben at ~ 1 hour 

post-ultrasound, there could be other sources of these compounds that may partially 

confound our results. However, it should be noted that baseline measurements at time 1 were 

obtained at different times of the day (ranging from 7:00 AM to 4:30 PM) and therefore 

background exposure sources through food and cosmetics or other PCPs would not all 

follow the same overall pattern. Of significance, however, is the fact that the manufacturer 

lists the composition of the aqueous gel product used at MGH obstetrical unit to include: 

propylparaben, fragrance, and dyes among the ingredients. It is possible that DBP and BBzP 
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compounds are used in the gel product as solvents/fixatives to adhere fragrance and/or 

color/dye to the gel (Al-Saleh and Elkhatib 2016) and that urinary increases at 8.6 hours 

post-ultrasound reflect dermal absorption of the product at time of ultrasound imaging. 

However, it is also possible that observed concentration increases at time 3 also reflect 

additional exposure through food, cosmetics, and other sources including potential hospital 

procedures following ultrasound.

The highest increase in propylparaben concentration at time 2 was observed in the sole 

participant who also underwent a trans-vaginal ultrasound. As women undergoing medically 

assisted reproduction receive frequent trans-vaginal ultrasound during the monitoring phase 

of follicles, this previously unrecognized source of exposure during fertility treatment needs 

further investigation, especially in light of the potential for increased trans-mucosal 

absorption through the vaginal wall (Machado et al. 2015). Compared to dietary sources, 

dermal exposure avoids first-pass metabolism, directly reaching systemic circulation. 

Therefore, the relative contribution of dermal sources to the total internal exposure of the 

general population might be of equal or even higher toxicological relevance than dietary 

sources for some EDCs (von Goetz et al. 2017). Although the health relevance of acute EDC 

exposures during medical procedures such as those seen in the present pilot is unknown, 

there is a need for further research that considers potential inadvertent exposure, especially 

during vulnerable periods such as prenatal development.

CONCLUSIONS

The results of this pilot study suggest that aqueous gels used to facilitate trans-abdominal 

imaging during obstetrical ultrasound in pregnancy might be an unrecognized source of 

EDC exposure, particularly parabens and some phthalates. More research is needed in order 

to confirm these findings and determine whether this inadvertent source of exposure is 

associated with fertility or pregnancy outcomes, especially among subfertile women trying 

to conceive.
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Appendix

Appendix Figure 1. 
Spaghetti Plots of SG-Adjusted Phthalate Metabolite Concentration (ng/ml) by number of 

minutes since ultrasound: Panel A (DEHP, di(2-ethylhexyl) phthalate), B (MEHHP, mono(2-

ethyl-5-hydroxyhexyl) phthalate), C (MEOHP, mono(2-ethyl-5-oxohexyl) phthalate), D 

(MBP, mono-n-butyl phthalate).
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Appendix Figure 2. 
Spaghetti Plots of SG-Adjusted Phenol Concentration (ng/ml) by number of minutes since 

ultrasound: Panel A (Methylparaben), B (Ethylparaben), C (Propylparaben), D 

(Butylparaben).

Appendix Table 1

Distribution of specific gravity-adjusted phthalate and diisononyl cyclohexane-1,2-

dicarboxylate (DINCH) metabolite concentrations (ng/ml) for 12 Ultrasound Gel Exposure 

Study pilot participants providing 34 urine samples.

Phthalate Metabolite Detection Frequency Sample Geometric Mean (GSD) Min 25th Median 75th Max

Low Molecular Weight

MMP 82% S1 2.2 (0.69) 0.38 1.1 2.1 6.1 11.7

S2 1.8 (0.60) 0.46 0.69 1.3 4.9 13.8
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Phthalate Metabolite Detection Frequency Sample Geometric Mean (GSD) Min 25th Median 75th Max

S3 3.3 (0.99) 0.83 1.5 4.4 7.5 11.7

MEP 100% S1 25.5 (10.3) 6.4 6.9 17.9 85.5 273

S2 24.1 (9.4) 5.5 7.2 21.7 49.4 468

S3 32.2 (10.8) 6.7 9.3 48.1 89.1 92.4

MBP 85% S1 3.5 (1.1) 0.58 1.9 4.2 6.3 20.5

S2 1.8 (0.40) 0.49 1.8 2.1 3.4 5.3

S3 6.6 (0.80) 3.5 4.7 6.5 9.4 11.3

MiBP 100% S1 3.5 (1.1) 1.3 2.7 3.8 9.0 14.7

S2 1.8 (0.40) 1.0 2.2 2.7 4.7 7.0

S3 6.5 (0.79) 3.3 4.8 7.0 8.5 15.1

MHBP 50% S1 0.57 (0.13) 0.19 0.33 0.48 1.1 1.8

S2 0.63 (0.10) 0.23 0.42 0.73 0.74 1.8

S3 0.59 (0.14) 0.17 0.45 0.65 1.2 1.2

MHiBP 91% S1 2.5(0.55) 0.43 1.9 2.1 4.6 7.3

S2 1.8 (0.27) 0.73 1.3 1.8 2.4 5.8

S3 3.0 (0.54) 0.95 2.4 3.1 3.6 8.5

High Molecular Weight

MCPP 91% S1 0.84 (0.21) 0.34 0.41 0.76 1.3 4.3

S2 0.73 (0.21) 0.24 0.33 0.49 1.6 6.0

S3 1.5 (0.46) 0.83 0.87 1.0 1.4 17.8

MBzP 79% S1 1.3 (0.68) 0.21 0.45 0.81 2.9 139

S2 0.8 (0.20) 0.26 0.45 0.52 1.8 3.9

S3 2.4 (0.53) 0.91 1.1 2.8 4.5 6.0

MEHP 65% S1 0.90 (0.20) 0.27 0.5 1.0 1.7 2.6

S2 0.98 (0.14) 0.26 0.6 0.87 1.3 1.9

S3 1.8 (0.39) 0.43 1.5 1.8 2.8 4.4

MEOHP 97% S1 2.6 (0.50) 0.72 2.0 2.6 4.4 6.0

S2 1.8 (0.36) 0.43 1.1 1.8 2.6 5.9

S3 5.5 (1.0) 2.7 3.9 4.9 6.6 21.0

MNP 41% S1 0.55 (0.13) 0.08 0.19 0.38 0.75 5.0

S2 0.78 (0.20) 0.08 0.27 0.52 0.87 4.7

S3 1.1 (0.43) 0.35 0.43 0.80 0.94 25.9

MEHHP 97% S1 3.1 (0.68) 0.72 1.8 3.3 5.1 9.6

S2 2.2 (0.46) 0.81 1.4 2.4 4.1 6.5

S3 7.1 (1.41) 3.4 4.6 6.1 11.3 28.5

MECPP 100% S1 4.7 (0.75) 1.6 3.24 4.4 7.9 9.6

S2 3.8 (0.67) 1.8 2.5 3.2 5.9 15.6

S3 9.0 (1.9) 3.4 6.7 8.0 12.2 34.5

MCOP 100% S1 7.6 (1.5) 3.1 4.1 7.4 13.9 25.3

S2 6.4 (1.9) 0.87 3.4 5.9 14.0 36.7

S3 10.7(3.1) 3.9 5.8 8.8 12.0 114

MCNP 100% S1 1.6 (0.25) 0.87 1.1 1.5 2.0 4.6
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Phthalate Metabolite Detection Frequency Sample Geometric Mean (GSD) Min 25th Median 75th Max

S2 1.4 (0.20) 0.73 0.93 1.3 2.0 3.9

S3 2.2 (0.50) 0.76 1.2 2.1 4.6 6.5

sumDEHP – S1 1.0 (0.22) 0.28 0.56 1.2 2.0 2.9

S2 1.1 (0.15) 0.53 0.81 1.0 1.6 2.6

S3 2.0 (0.45) 0.45 1.7 2.1 3.2 4.9

DINCH

MHiNCH 71% S1 0.72 (0.22) 0.19 0.31 0.67 1.3 9.2

S2 0.90 (0.31) 0.15 0.43 0.85 1.1 21.3

S3 0.74 (0.43) 0.18 0.52 1.1 3.0 72.5

MCOCH 26% S1 0.43 (0.08) 0.10 0.26 0.34 0.52 2.4

S2 0.76 (0.23) 0.11 0.33 0.46 1.0 7.0

S3 0.55 (0.24) 0.09 0.24 0.36 0.65 18.0

Number of samples: S1 (n=12); S2 (n=12); S3 (n=10).

ABBREVIATIONS: mono-methyl phthalate (MMP); monoethyl phthalate (MEP); mono-n-butyl phthalate (MBP); mono-
isobutyl phthalate (MiBP); mono-3-hydroxy-n-butyl phthalate (MHBP); mono-hydroxyisobutyl phthalate (MHiBP); 
mono(3-carboxypropyl) phthalate (MCPP); monobenzyl phthalate (MBzP); mono(2-ethylhexyl) phthalate (MEHP); 
mono(2-ethyl-5-oxohexyl) phthalate (MEOHP); monoisononyl phthalate (MNP); mono(2-ethyl-5-hydroxyhexyl) phthalate 
(MEHHP); mono(2-ethyl-5-carboxypentyl) phthalate (MECPP); monocarboxyisooctyl phthalate (MCOP); 
monocarboxyisononyl phthalate (MCNP); di(2-ethylhexyl) phthalate (DEHP); Diisononyl cyclohexane-1,2-dicarboxylate 
(DINCH), cyclohexane-1,2-dicarboxylic acid-mono(hydroxy-isononyl) ester (MHiNCH); cyclohexane-1,2-dicarboxylic 
acid-monocarboxy isooctyl ester (MCOCH).

Appendix Table 2

Distribution of specific gravity-adjusted phenol biomarker concentrations (ng/ml) for 12 

Ultrasound Gel Exposure Study pilot participants providing 34 urine samples.

Phenol Metabolite Detection Frequency Sample Geometric Mean (GSD) Min 25th Median 75th Max

2,4-DCP 100% S1 0.57 (0.26) 0.15 0.24 0.38 0.78 50.1

S2 0.64 (0.22) 0.22 0.29 0.52 0.80 17.8

S3 0.61 (0.28) 0.14 0.18 0.60 1.14 16.5

2,5-DCP 97% S1 1.8 (1.32) 0.11 0.29 1.29 3.62 1618

S2 1.8 (1.10) 0.26 0.39 1.25 2.47 634

S3 2.4 (1.74) 0.18 0.91 1.24 4.55 538

M-PB 100% S1 83.5 (37.0) 9.97 23.4 104 181 1182

S2 116.4 (49.5) 9.53 66.4 96.2 350 1526

S3 77.3 (39.4) 9.53 14.6 78.9 291 1234

E-PB 74% S1 6.5 (3.1) 0.77 1.36 9.70 22.9 84.1

S2 7.5 (3.8) 0.38 2.32 8.49 24.8 119

S3 4.8 (3.1) 0.32 1.52 2.81 25.8 90.2

P-PB 100% S1 8.9 (5.0) 0.54 1.49 12.9 27.8 253

S2 33.6 (14.4) 2.17 15.8 42.4 89.0 268

S3 12.9 (7.2) 2.06 2.6 8.13 46.0 215

B-PB 50% S1 0.55 (0.35) 0.04 0.07 1.09 3.99 10.3

S2 0.99 (0.60) 0.04 0.18 1.04 8.1 17.6

S3 0.50 (0.40) 0.03 0.04 0.80 2.44 53.0
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Phenol Metabolite Detection Frequency Sample Geometric Mean (GSD) Min 25th Median 75th Max

BP-3 100% S1 687.9 (317) 55.4 139 1084 1949 8375

S2 709.6 (320) 43.4 422 979 2502 4264

S3 487.3 (213) 42.4 211 839 1508 2475

BPA 79% S1 0.47 (0.09) 0.16 0.27 0.48 0.84 1.45

S2 0.50 (0.08) 0.22 0.36 0.48 0.82 1.05

S3 0.58 (0.12) 0.15 0.52 0.60 0.81 1.82

BPF 26% S1 0.32 (0.18) 0.08 0.11 0.15 0.37 63.3

S2 0.42 (0.17) 0.11 0.17 0.36 0.64 17.3

S3 0.39 (0.21) 0.09 0.15 0.20 0.61 8.25

BPS 68% S1 0.18 (0.04) 0.05 0.09 0.21 0.34 0.87

S2 0.22 (0.05) 0.08 0.10 0.22 0.35 1.30

S3 0.21 (0.06) 0.06 0.12 0.18 0.49 0.85

TCS 62% S1 8.38 (6.1) 0.92 1.12 4.32 126 797

S2 9.63 (6.3) 0.98 2.54 3.73 134 597

S3 8.57 (5.9) 0.71 2.14 4.02 83.2 295

Number of samples: S1 (n=12); S2 (n=12); S3 (n=10).

ABBREVIATIONS: methylparaben (M-PB); ethylparaben (E-PB); propylparaben (P-PB); butylparaben (B-PB); bisphenol 
A (BPA); bisphenol F (BPF); bisphenol S (BPS); 2,4-dichlorophenol (2,4-DCP); 2,5-dichlorophenol (2,5-DCP); triclosan 
(TCS); benzophenone-3 (BP3).

Appendix Table 3

Number of food, beverages, and personal care products used by participants between pre-

exposure urine sample (S1 at Time 1) and post-exposure urine sample (S2 at Time 2); and 

between post-exposure urine sample (S2 at Time 2) and post-exposure urine sample (S3 at 

Time 3).

Time N Food Items1
Median (min-max)

N Beverage Items2
Median (min-max)

N Personal Care Products3
Median (min-max)

S1 to S2 12 0 (0 – 1) 12 0.5 (0 – 1) 12 0 (0 – 1)

S2 to S3 9 7 (2 – 7) 10 1 (1 – 1) 9 1 (0 – 3)

1
Only one woman (n=1/12) reported eating between S1 and S2. All women (n=9/9) reported eating between S2 and S3.

2
Six women (n=6/12) reported drinking between S1 and S2 (all 6 reported the beverage to be water). All 10 women 

(n=10/10) reported drinking between S2 and S3.
3
Four women (n=4/12) reported using a personal care product between S1 and S2. Eight women (n=8/9) reported using 

personal care products between S2 and S3.
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HIGHLIGHTS

• Phthalates and phenols are widely used in personal care products such as 

cosmetics, lotions, creams, perfumes, and gels.

• Use of aqueous gel applied during obstetrical ultrasound in pregnancy has not 

been investigated as a potential source of phthalate or phenol exposure.

• Urinary concentrations of some phthalates and parabens increased following 

application of ultrasound gel in this pilot study.

• While additional research is needed, this study potentially identifies a 

previously unknown source of phthalate and paraben exposure among 

pregnant women undergoing routine ultrasound examination.
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Table 1

Study characteristics among 12 pregnant women in the Ultrasound Gel Exposure Study.

Characteristic Women
N=12

Age (years)

Mean (SD) 34.6 (4.0)

Age>35, n (%) 6 (50)

Race, n (%)

White 10 (83)

Black 1 (8)

Asian 1 (8)

Body Mass Index (BMI) kg/m2

Mean (SD) 23.8 (3.6)

BMI >25, n (%) 5 (42)

Education, n (%)

< College 0 (0)

College Graduate 5 (42)

Graduate Degree 7 (58)

Smoking Status, n (%)

Never 9 (75)

Ever (former or current) 3 (25)

Infertility Diagnosis, n (%)

Male Factor 4 (33)

Female Factor 3 (25)

Unexplained 5 (42)

Nulliparous, n (%)

Yes 8 (67)

Gestational age at time of ultrasound

Mean (min-max) 18.7 weeks (17.6 – 19.6)

Number of twin gestations, n (%)

2 (17%)
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Table 2

Number of hours (hrs) between pre-exposure urine sample (S1 at Time 1) and post-exposure urine sample (S2 

at Time 2); and between pre-exposure urine sample (S1 at Time 1) and post-exposure urine sample (S3 at 

Time 3).

Time N Mean time (SD) Median time Min-Max

Post-exposure S2 at Time 2 12 1.2 hrs (0.42) 1.2 hrs 40 min – 1.9 hrs

Post-exposure S3 at Time 3 10 10.6 hrs (5.1) 8.6 hrs 6.0 hrs – 23 hrs
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	Appendix Table 1
	Appendix Table 2
	Appendix Table 3
	References
	Table 1
	Table 2
	Table 3
	Table 4

