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Abstract

Silicone polymers are used for a wide array of applications from passive samplers in 

environmental studies, to implants used in human augmentation and reconstruction. If silicone 

sequesters toxicants throughout implantation, it may represent a history of exposure and 

potentially reduce the body burden of toxicants influencing the risk of adverse health outcomes 

such as breast cancer. Objectives of this research included identifying a wide variety of toxicants 

in human silicone implants, and measuring the in vivo absorption of contaminants into silicone and 

surrounding tissue in an animal model. In the first study, eight human breast implants were 

analyzed for over 1,400 organic contaminants including consumer products, chemicals in 

commerce, and pesticides. A total of 14 compounds including pesticides such as trans-nonachlor 

(1.2–5.9 ng/g) and p,p′-DDE (1.2–34 ng/g) were identified in human implants, 13 of which have 

not been previously reported in silicone prostheses. In the second project, female ICR mice were 

implanted with silicone and dosed with p,p′-DDE and PCB118 by intraperitoneal injection. After 

nine days, silicone and adipose samples were collected, and all implants in dosed mice had p,p′-

DDE and PCB118 present. Distribution ratios from silicone and surrounding tissue in mice 

compare well with similar studies, and were used to predict adipose concentrations in human 

tissue. Similarities between predicted and measured chemical concentrations in mice and humans 

suggest that silicone may be a reliable surrogate measure of persistent toxicants. More research is 

needed to identify the potential of silicone implants to refine the predictive quality of chemicals 

found in silicone implants.
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1. Introduction

Due to initial health concerns regarding silicone implants used for breast reconstruction and 

augmentation, there have been numerous epidemiological studies conducted to evaluate 

adverse outcomes. Several studies have reported a protective effect for breast cancer in 

women with silicone implants (Brinton et al. 2006; Brisson et al. 2006; Deapen et al. 2007; 

Friis et al. 2006; Lipworth et al. 2009; McLaughlin et al. 2006; Villeneuve et al. 2006). Two 

studies found a 30–50 % reduction of risk in breast cancer with silicone augmentation 

(Brisson et al. 2006; Lipworth et al. 2009). If accumulation of contaminants in breast tissue 

is a risk factor for breast cancer (Brody et al. 2007), then silicone implants may function as a 

sink for organic contamination, resulting in unanticipated health benefits and warrants 

further investigation.

In the last decade, silicone polymers have been increasingly used as passive samplers to 

absorb contaminants in aqueous and atmospheric field deployments (Allan et al. 2009; Allan 

et al. 2013c; O’Connell et al. 2014a; Rusina et al. 2007; Seethapathy and Gorecki 2012). 

Organic compounds in air or water are sequestered into silicone media through passive 

diffusion, and can then be extracted from these samplers for chemical and biological assays 

(Allan et al. 2012; Seethapathy et al. 2008; Vrana et al. 2005; Zabiegala et al. 2010). 

Because passive samplers take up compounds in the dissolved phase (Anderson and 

Hillwalker 2008), much of the organic analytical interferences are excluded, simplifying 

subsequent extractions for chemical analysis (Namieśnik et al. 2005). Implant shells used in 

augmentation or reconstructive surgeries are constructed from similar silicone rubbers to 

those used in environmental passive sampling devices. We hypothesize that human implants 

will accumulate a wide range of organic compounds similar to those absorbed in 

environmental applications, and that in vivo partitioning in an animal model with and 

without silicone implants will test the significance of silicone influencing organic compound 

body burden.

We conducted two studies to evaluate the potential for silicone implants to sequester 

environmental chemicals. In the first study, we identified contaminants sequestered in 

silicone breast implant shells which had been removed from human tissue. Sample extracts 
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from the implants were screened for over 1,400 compounds including consumer products, 

chemicals in commerce, and pesticides. Extracts were analyzed further in a quantitative 

pesticide method to compare levels of compounds between implants. In the second study, 

we implanted silicone into mice to evaluate in vivo silicone and tissue absorption for two 

model compounds, p,p′-dichlorodiphenyldichloroethylene (p,p′-DDE) and 2,3′,4,4′,5-

pentachlorobiphenyl (PCB118). Concentrations from mouse tissues and silicone allowed for 

comparisons between treatment groups, and distribution ratios between silicone and adipose 

tissue were used to predict mouse or human adipose tissue concentrations. If the absorption 

of contaminants in silicone and human tissue can be elucidated, then implants typically 

treated as waste might be a useful source of long-term human biomonitoring.

2. Methods

2.1 Breast implant collection and extraction

Implants were obtained in 2010 from Oregon Health and Science University (OSU IRB# 

5851). All materials were numerically coded, and no personal demographic, occupational, or 

medical information was obtained or recorded. A total of 8 saline-filled implants were 

collected and stored at −20 °C prior to analyses (Figure 1A). In addition to implants, 

silicone-filled implant “sizers” were used as negative controls. Both saline and gel-filled 

implant shells are made with the same type of silicones (i.e. polydimethylsiloxane (Daniels 

2012)), and sizers are used for demonstration or temporary intraoperative procedures to 

facilitate final size considerations (Figure 1B).

Small pieces of the silicone shell from both implants and sizers were excised for chemical 

analyses (1.8 – 4.4 g per piece). Pieces were selected from each side of the implant and 

sizer. Each piece was rinsed twice in purified water, and then with isopropyl alcohol, 

following methods for cleaning silicone used previously (O’Connell 2014a,b). Extraction 

consisted of placing each piece of rinsed silicone in 50 mL of ethyl acetate for at least two 

hours on an orbital shaker at 60 rotations per minute (rpm). The soaking process was 

repeated once more with additional solvent. Liquids from each soaking process were 

combined and reduced to 5 mL using closed-cell evaporators (TurboVaps®, Biotage, 

Charlotte, NC). For both laboratory extraction surrogates, tetrachloro-m-xylene (TCMX) 

and decachlorobiphenyl, 500 ng of each compound were added to the first round of 

extraction to assess loss due to evaporation or transfers between glassware. Concentrated 

samples were transferred to centrifuge tubes and stored at −20 °C. To increase the likelihood 

of identifying compounds in the analytical screening method, compounds in the extracts 

were further separated using gel permeation chromatography (GPC) to remove as much 

interference as possible while retaining compounds of interest. Details of the GPC method 

can be found in the Supporting Information.

2.2 Mouse implant study: silicone and cocktail preparation

Small discs (~0.5 cm2) of silicone were made from silicone sheeting (Stockwell 

Elastomerics Inc., Philadelphia, PA). The average weight of silicone discs was 0.02 +/− 

0.001 g (n=25). Silicone discs were cleaned sequentially with water and mixes of ethyl 

acetate with hexane and methanol as described previously (O’Connell et al. 2014b). Discs 
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were dried in a stainless steel keg (AEB Kegs, Delebio SO, Italy) under an air-filtered 

vacuum and stored in polytetrafluoroethylene (PTFE) air-tight bags until surgery.

Mice were dosed by intraperitoneal injection with p,p′-DDE and PCB118. These compounds 

were chosen because they are well-characterized lipophilic compounds with known 

resistance to metabolic processes (Berg et al. 2010; Falck et al. 1992). Both p,p′-DDE and 

PCB118 were dissolved in ethyl acetate and diluted with filtered (0.4 μm) peanut oil to 0.21 

mg/mL and 0.16 mg/mL, respectively. Prior to injection, the mixture was further diluted by 

10-fold with peanut oil in order to reduce ethyl acetate to less than 1% (v:v). Mice received 

0.13 ± 0.002 and 0.10 ± 0.001 mg/Kg for p,p′-DDE and PCB118, respectively.

2.3 Animal care and surgery

Female ICR mice (Jackson Laboratory, Bar Harbor, ME) were maintained as a breeding 

colony and were held in the pathogen-free Laboratory Animals Resource Center (LARC) at 

Oregon State University. All experimental procedures and treatments were approved by the 

Institutional Animal Care and Use Committee. A total of 18 mice were used across 3 

treatment groups, with 6 mice in each group. One treatment group received p,p′-DDE and 

PCB118 as well as subcutaneous silicone discs (hereafter referred to as “SIL”). As a vehicle 

control, a second group was dosed with peanut oil along with silicone discs (VEH). The 

third group was also dosed with p,p′-DDE and PCB118, but received sham surgeries with no 

silicone (SHAM) to determine if levels of contaminants differed due to the presence or 

absence of the implants.

On the day of surgery, animals were anesthetized with a mixture of isoflurane and oxygen, 

and implant areas were shaved and treated with betadine and alcohol. Two incisions were 

made on each mouse: a dorsal midline incision between shoulder blades, and a second 

ventral midline incision in the abdominal area. Two pieces of silicone were placed 

subcutaneously to the left and right of the shoulder incision and subsequently closed with 

sutures. Four additional pieces of silicone were placed to the left and right of the inguinal 

incision. In sum, six pieces of silicone were inserted subcutaneously per mouse in order to 

increase the likelihood of detecting chemicals in silicone (Figure 2). The total ratio of 

silicone to mouse body mass ranged from 1:330 to 1:500, and is within potential ratios of 

silicone implants to human body masses of 1:50 to 1:1500 (assuming an average body mass 

of 75.4 Kg (Centers for Disease Control and Prevention 2012), and implant combined 

weight ranging from 0.05 – 1.5 Kg (Mentor Worldwide 2013)).

Following surgery, mice received 1 ml/10 g body weight of subcutaneous fluids before 

receiving the contaminant cocktail. Intraperitoneal injection was chosen as the route of 

exposure to ensure each mouse received a similar dose. Mice were monitored during 

recovery and for 24 hours post-surgery by a veterinary technician. After nine days, mice 

were euthanized via CO2 overdose and cervical dislocation. Previous research has suggested 

that 7-day exposures could be adequate to establish equilibrium between lipids and silicone 

(Jahnke and Mayer 2010; Jahnke et al. 2008). No gross organ malformations or changes in 

body weight were observed in any treatment group. Silicone pieces were composited into a 

single sample from each animal to ensure adequate analytical sensitivity. Adipose tissue 
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samples were taken from the dorsal and abdominal region and stored separately. Mouse 

implants and tissues were stored in amber glass vials at −20 °C until laboratory processing.

2.4 Silicone and adipose extraction

Silicone pieces (n = 6) from each mouse were rinsed with filtered water and isopropyl 

alcohol and then combined into one extract (~0.12 g of total silicone). Extractions of 

silicone pieces were similar to that of the human implants pieces described in section 2.1, 

but scaled down to account for the smaller amount of total silicone. In total, three ethyl 

acetate extractions of 2 mL were combined and subsequently reduced to 0.5 mL. PCB180 

and PCB100, each added at 500 ng, were used as laboratory surrogates for p,p′-DDE and 

PCB118, respectively. Sample extracts were stored in amber chromatography vials at 4 °C 

until analysis.

Adipose tissue samples from dorsal or ventral locations were extracted using a modified 

QuEChERS method (Forsberg et al. 2011), followed by solid-phase extraction (SPE) and 

solvent exchange. Details of the homogenization of the tissue, the QuEChERS method, SPE 

cleanup, and final solvent reduction can be found in the Supporting Information. Sample 

extracts were stored at 4 °C in chromatography vials until analysis.

2.5 Chemical analyses

Human study samples were qualitatively screened for 1,418 compounds using GC-MS with 

automated mass spectrum deconvolution identification software (AMDIS). An Agilent DB-5 

(30m, 0.25mm, 0.25 μm) column was used on the GC-MS. Before and after target samples 

were screened on the GC-MS, a standard solution containing 24 compounds at 500 ng/mL 

was analyzed to provide an indication of instrument and software performance of the 

compound screen. No substantial changes in instrument or software performance were 

identified, and over 70% of the compounds were found in the standard solution before and 

after implant samples. Compounds in human implants were first identified by having at least 

a 60% spectral match, before additional confirmation by a trained analytical chemist. 

Additional criteria such as retention time and ion ratios were used for each compound 

presence/absence determination with more weight given to compounds that had matching 

spectra and ion ratios near parent and fragment ions with higher abundance. Any compounds 

identified in the sizers were considered background contaminants, and are not included in 

the human implant results (see SI-Table 1 for a full list of compounds identified in samples, 

sizer, and standards).

All samples from both studies were analyzed using a quantitative pesticide method for 43 

compounds described elsewhere (Anderson et al. 2014). Before each injection, 4,4′-

dibromooctafluorobiphenyl was added as an internal standard at 100 ng/mL. An Agilent 

DB-XLB (30m, 0.25mm, 0.25 μm) and a DB-17MS (30m, 0.25mm, 0.25 μm) were used for 

dual column confirmation coupled with dual micro-electron capture detection (GC-ECD, 

model 6890N, Agilent). All compounds were quantified using calibration curves of five 

concentrations or more, and all calibration curves had correlation coefficients of 0.99 or 

better. Contaminants were not reported if the sample was severely affected during laboratory 

processing (i.e., surrogate compounds were seen below 15% of starting amount), or were 
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below signal to noise ratios of 3:1. Further details on laboratory equipment or chemicals can 

be found in the Supporting Information.

2.6 Quality control

Quality control samples represented over 39% of those analyzed. In the mouse implant 

study, pieces of non-deployed silicone were examined prior to surgery for any analytical 

background interferences. Silicone cleaning was considered successful if the highest peak on 

a full scan GC-MS analysis (range: 50–500 m/z) had an area less than 15-fold of a 500 ng 

standard. Other quality control samples included: non-deployed silicone, laboratory 

extraction blanks, and reagent blanks. Prior to quantitative analyses, all compounds were 

verified to be within +/− 20 % of the true value using certified standards. Certified standards 

were also run nominally every 10 samples as well as at the end of each analytical sample set. 

No detectable concentrations from the quantitative method were seen in any non-deployed 

silicone, sizers, laboratory extraction blanks, or reagent blanks.

3. Results

3.1 Organic contaminants in human implants

A total of 14 compounds were identified in human silicone implants including 5 consumer 

products, 3 chemicals used in commerce, 3 pesticides, 2 phthalates and 1 aromatic 

hydrocarbon (Table 1). Consumer products included several musk fragrances used in soaps, 

perfumes and detergents, as well as chemicals associated with food stuffs like caffeine and 

carvone (NLM 1993). Among chemicals in commerce, there were two compounds used as 

flame retardants: tris(2-chloroethyl) phosphate and tris(2-butoxyethyl) phosphate. Among all 

groups, several compounds were seen in more than one sample. For example, caffeine was 

seen in all 8 implants, and p,p′-DDE was the second-most identified chemical, detected in 5 

implants (Table 1). Both galaxolide (a musk compound) and diisobutyl phthalate (a common 

commercial additive) were seen in 3 implant samples (Table 1). Alternatively, several 

compounds were seen in only one sample, including an oxygenated polycyclic aromatic 

hydrocarbon (OPAH), 9,10-anthraquinone.

Implants containing p,p′-DDE and trans-nonachlor from the screening data were also found 

to contain these compounds in the quantitative pesticide analysis, providing confirmation 

from two independent analytical methods. Compounds p,p′-DDE and trans-nonachlor were 

quantified at or above reporting limits in at least one of the replicates from 7 and 4 implants, 

respectively (SI-Table 2). Implants had higher concentrations of p,p′-DDE than trans-

nonachlor in most samples, ranging from 1.2–34 ng/g, and 1.2–5.9 ng/g, respectively (SI-

Table 2). In two of the implants p,p′-DDE was found in only one of the replicates; however, 

in both cases the p,p′-DDE concentrations were near the detection limit (equivalent to ~0.7 

ng/g). Similarly, trans-nonachlor was not consistently seen in implant replicates when close 

to the limit of detection (also equivalent to ~0.7 ng/g). Recovery of surrogates for silicone 

implants averaged 62%, indicating adequate extraction of the silicone.
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3.2 Mouse study: silicone concentrations and percent uptake

All silicone samples from the SIL treatment group contained detectable levels of both p,p′-

DDE and PCB118. Concentrations of p,p′-DDE in silicone ranged from 31–70 ng/g, 

averaging 49 ± 14 ng/g, while PCB118 ranged from 20–108 ng/g, averaging 57 ± 30 ng/g 

(Figure 3). The relative standard deviation (RSD) between silicone concentrations among 

mice were 34 % for p,p′-DDE and 54 % for PCB118. Nine days after the initial IP injection, 

percent uptake from the mouse into the silicone ranged from 0.05 % to 0.33 %, averaging 

0.12 % for p,p′-DDE, and 0.18% for PCB118 (SI-Table 3). Excellent surrogate recoveries 

(all above 65 %) were seen in silicone from the mouse study.

3.3 Mouse study: adipose tissue concentrations

Although the amount of tissue for analysis was small, p,p′-DDE and PCB118 were above 

detection limits in most adipose samples from mice that received the cocktail, and at much 

higher amounts than found in silicone. Tissue p,p′-DDE and PCB118 concentrations ranged 

from 210 to 1,700 ng/g, and 410 to 1,500 ng/g respectively. Dorsal tissue in SIL mice had an 

average p,p′-DDE concentration of 220 ± 11 ng/g, which was only slightly lower than the 

SHAM group (230 ± 11 ng/g), and not statistically different (p = 0.37, Figure 3). Ventral p,p

′-DDE concentrations were also not significantly different between SIL and SHAM 

treatment groups (1,000 ± 200 ng/g compared to 1,100 ± 380 ng/g, respectively; p = 0.59) 

indicating that the silicone in the mice did not alter detectable p,p′-DDE residues in adipose 

tissue. Similarly, no difference in SIL over SHAM tissues were seen for PCB118 

concentrations for either dorsal (600 ± 130 ng/g compared to 530 ± 140 ng/g) and ventral 

tissues (1,100 ± 280 ng/g versus 1,100 ± 300 ng/g), respectively (Figure 3). Slightly higher 

surrogate recovery was seen in dorsal tissues versus ventral tissues for PCB180 (averages: 

52 % versus 31 %). For PCB100, surrogate recoveries were lower than PCB180, but similar 

from both dorsal and ventral tissues (averages: 29 % versus 24 %). When comparing mouse 

study samples collectively, surrogate recovery was lower for adipose tissue (34 % total 

average) when compared with silicone (80 % overall average).

4. Discussion

4.1 Human implants

Out of the 14 compounds reported in Table 1, thirteen are unique to this study compared 

with the only other report of environmental contaminants in silicone implants (Allan et al. 

2013b). Caffeine was the only compound to be detected in all 8 implants, but is not 

surprising considering that caffeine is present in many widely consumed products (Somogyi 

2010). Other compounds of interest include phosphate flame retardants, musk compounds 

from personal care products, and phthalates, which have all been previously detected in 

personal (external) silicone passive samplers (O’Connell et al. 2014a). Interestingly, 9,10-

anthraquinone was seen in one explant and is present in petrogenic, pyrogenic, and dye 

manufacturing sources (NLM 1993), and has even been shown to migrate from pizza boxes 

into the food item (IARC 2012; NLM 1993)). Anthraquinone is one of the more commonly 

detected OPAHs in environmental samples (IARC 2012; O’Connell et al. 2013), but has not 

been previously measured in human samples to our knowledge. Another interesting 

observation was that many of the compounds detected (ex: caffeine, and some phosphate 
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compounds) are known to be metabolized and excreted more rapidly than others. 

Sequestration of highly metabolized compounds in silicone may represent repeated 

exposures and/or elevated exposure levels. Trans-nonachlor, which has been identified in 

human adipose tissue along with p,p′-DDE, is a constituent of the insecticide chlordane 

(Brauner et al. 2012). Implants had roughly 3 to 6-fold less trans-nonachlor than p,p′-DDE 

(SI-Table 2), which is very similar to tissue data reported by Brauner et al (2012). Compared 

with the previous human implant study, p,p′-DDE is also the compound with the highest 

concentrations (Allan et al. 2013b). Furthermore, the magnitude and range of p,p′-DDE 

concentrations measured in this study (1.2–34 ng/g silicone) are very similar to Allan et al. 

(~0.2–37 ng/g silicone), despite potential differences in methodology and demographics of 

the population (2013b).

4.2 Mouse tissue and implant exposure

Significant differences were observed between ventral and dorsal tissues, with higher 

amounts in ventral adipose tissue (p,p′-DDE – p < 0.01; PCB118 – p < 0.01). This is 

expected because dorsal adipose tissue is composed of highly vascularized brown fat, and 

has lower lipid content (~55%) than abdominal adipose tissue (~90%) (Johansson 1959; 

Spencer and Dempster 1962). Brown fat also has a higher protein content (Johansson 1959), 

and may have a higher affinity for increasingly poly-chlorinated compounds (Patterson et al. 

1989). This may explain why dorsal tissues had higher PCB118 concentrations (410–720 

ng/g) than p,p′-DDE concentrations (210–240 ng/g) (Figure 3). Careful selection of adipose 

sampling locations is therefore critical for measuring compounds with more complex 

distribution and affinity than just lipid content would predict alone.

Even during a short exposure time of 9 days, percent uptake (0.05 to 0.33%) was adequate 

for analytical sensitivity (SI-Table 3). Direct comparisons of silicone percent uptake using 

our data with other studies is limited as the starting dose is unknown or difficult to 

determine (Allan et al. 2013a; Jahnke et al. 2009). While these studies indicate equilibrium 

between silicone and environmental contaminants may occur within lipid-rich tissue (living 

or deceased) from hours to days (Allan et al. 2013a; Jahnke et al. 2009), uptake rates of 

compounds will likely differ due to differences in dose mechanisms, lipid content of the 

tissue, mass of silicone implants, or other factors. Measuring discrete, differing locations in 

the body with silicone may help explain compound to compound differences in absorption, 

as well as reduce variability compared to pooled measurements.

4.3 Mouse adipose tissue limitations

Alternative methodology is often sought to measure organic contaminants in tissues due to 

low recoveries of surrogates, high variability, and labor intensive extractions (Jahnke et al. 

2009; Jahnke et al. 2008; Musteata and Pawliszyn 2007). Recovering contaminants from 

fatty-tissues is challenging, with surrogate recoveries from a recent lipid extraction method 

ranging from 49–106% (Forsberg et al. 2011). However, better sensitivity and overall lower 

variability was observed using silicone implants as compared with some tissue samples that 

could not be reported due to low recovery of surrogates (<15%). This suggests a potential 

improved sampling alternative for contaminant measurements where implants might be 

relevant.
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4.4 Comparing measured and predicted silicone distribution ratios in mice

From the mouse data presented in section 4.2, ratios between tissue and silicone can be 

calculated and used to predict human adipose concentrations. Ratios between silicone and 

adipose tissue can be useful when it is difficult or too invasive to collect tissue, but silicone 

implants are available or reasonable to use. If the system is known to be at equilibrium, 

partition ratios can be determined from the lipid phase and the silicone phase. If lipids may 

be present in the silicone and/or equilibrium is not necessarily achieved, distribution ratios 

are more appropriate ((IUPAC 1997; Jahnke et al. 2008)). The distribution ratio of these 

concentrations (Dtissue-silicone) can be used to predict contaminants in the tissue of other 

organisms. For example, estimates of ventral mouse tissue can be made using silicone and 

mammalian seal oil distribution ratios (Dlipid-silicone ≈ 21.2 for p,p-DDE, and ≈ 27.7 for 

PCB118, (Jahnke et al. 2008); Table 2). The predicted mouse tissue concentrations from 

both the published ratios and the measurements from the silicone implants in this study can 

be compared to the actual values measured in the ventral adipose tissue. When compared, 

there is considerable agreement (within 53%) between predicted values using ratios from 

Jahnke et al. (2008), to the actual mouse tissue measured in this study for both compounds 

(Table 2). Distribution ratios can also be calculated based on the measured silicone and the 

measured ventral tissue concentrations. The p,p′-DDE Dtissue-silicone value (22 ± 3.1) 

calculated from our data compare well to the Dlipid-silicone value (21 ± 1.3) from Jahnke et 

al., (2008) differing by only 5%. Since distribution ratios match closely with those from the 

other work which were determined to be at equilibrium, this provides some evidence that 

equilibrium in our mouse study might have taken place. Additionally, if assuming that 

uptake into the silicone is membrane controlled, the time to equilibrium between the tissue 

and silicone may be estimated to be less than 5 hours for either compound since the silicone 

pieces were so small (see Supporting Information for calculations). Together, it seems likely 

that equilibrium was established between the silicone pieces and the surrounding tissue, but 

empirically determining equilibrium should be a priority in future in vivo work. Other 

caveats are that silicone was aggregated from both locations, and adipose tissue was not 

lipid normalized since the purpose of this study was to directly compare contaminant 

concentrations between adipose tissues and silicone implants. However, even if tissues were 

lipid normalized, ventral values would likely be similar to current estimates based on the % 

lipid content (Spencer and Dempster 1962), while normalized dorsal values would likely 

more closely match concentrations from ventral data. Acknowledging these limitations, as 

well as differences in lipid type, capacity, and composition that may differ between tissues 

(van der Heijden and Jonker 2011), the observation that our results are similar to other 

studies encourages future work in this area that could potentially increase the accuracy in 

which lipid concentrations can be predicted from silicone. Future animal studies could use 

multiple time points of silicone implantation, use performance reference compounds 

(Huckins et al. 2002), or use implants with differing surface area to volume ratios to better 

characterize equilibrium. Alternatively, characterizing in vivo silicone uptake with activity 

measurements could also benefit future predictions and uses of silicone in relation to body 

burden.
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4.5 Human Tissue Predictions

To examine how accurate predictions might be in human samples, adipose p,p′-DDE tissue 

concentrations were estimated from human silicone implant data using either seal oil 

distribution ratios (Jahnke et al. 2008), or mice tissue distribution ratios from this study 

(Table 2). After calculating predicted adipose tissue concentrations for each silicone implant 

that had detectable levels of p,p′-DDE, values were consistent with tissue concentrations 

reported in multiple studies around the world (Arrebola et al. 2013; Malarvannan et al. 2013; 

Waliszewski et al. 2012). Estimates using ventral mouse data and those using seal oil are 

near median levels of human cohorts, and well within the ranges of concentrations seen in 

these human populations (Table 2). More work would be necessary to reliably predict tissue 

concentrations with a high degree of accuracy, but these observations are well within real-

world data. Future physiologically based pharmacokinetic modelling with silicone as an 

additional compartment may be able to link silicone concentrations to exposure if implant 

duration and other information are known.

5. Conclusions

Breast implants may represent long-term estimates of organic contaminant exposure. Over 

23,000 implants were removed or replaced in 2013 within the United States alone 

(American Society of Plastic Surgeons 2014). Discarded implants are typically incinerated 

as waste, but these implants may actually be an important resource for exposure assessment 

and quantifying human body burden of organic pollutants. Our preliminary data suggests 

that in vivo silicone may be a reliable surrogate measure of persistent toxicants in humans. If 

a monitoring bank were to be established to archive routinely extracted breast implants, 

these specimens may be useful in characterizing silicone absorption of pollutants in vivo. In 

addition to bio-banking, implants may be used to further investigate whether there are 

potential health impacts of in vivo organic contaminant absorption to silicone. The reported 

protective effect for breast cancer in women with silicone implants is yet to be explained.
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Highlights

• Human implants screened for over 1,400 chemicals

• Silicone and tissue chemical concentrations compared in vivo using ICR mice

• 14 chemicals identified in human implants representing several chemical classes

• All implants in dosed mice had p,p-DDE and PCB118 present above detection 

limits

• Predicted adipose values using implant data within range of measured 

concentrations
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Figure 1. 
Silicone implant (A) and sizer (B). Sizers served as negative controls.
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Figure 2. 
Silicone inserts in dorsal and ventral locations. All graphic representations are approximate 

and not necessarily to scale. Dashed lines represent approximate locations of incisions.
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Figure 3. 
Concentrations in log scale of p,p′-DDE and PCB118 in silicone and surrounding tissues 

after nine days from an IP injection. Replication for each sample type ranged from 3-6. SIL 

groups received silicone and compounds, while SHAM received compounds and mock 

surgery. No compounds were detected in mice not given the compound injection, so VEH 

mice are not shown.
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Table 1

Compounds identified in human implants from chemical screen of over 1,400 analytes.

Categories Compounds CAS
Occurrence in 
implants (out 
of 8)

Possible source or use*

OPAHs

9,10-anthraquinone 84-65-1 1 Breakdown product of polycyclic aromatic 
hydrocarbons (PAHs), from petrogenic and 
pyrogenic sources, also used in dye 
manufacturing

Consumer products

caffeine 58-08-2 8 Component of coffee, tea, and cocoa, used 
widely in food and pharmacological industries

galaxolide 1222-05-5 3 Artificial musk fragrance used in detergents, 
perfumes, soaps, and cosmetics

phthalimide 85-41-6 1 Used as an intermediate for primary amines, 
dyes and a fungicide

exaltolide 106-02-5 1 Artificial musk fragrance used in perfumes

carvone 99-49-0 1 Found naturally in caraway and dill, used in 
confections, pharmaceuticals, perfumes, or 
soaps

Pesticides

p,p′-DDE 72-55-9 5 An impurity in DDT production and 
degradation product of DDT

methoxychlor 72-43-5 1 Insecticide used to control mosquito larvae, 
house flies and other insect applications in 
agriculture

trans-nonachlor 39765-80-5 1 Constituent of technical chlordane, an 
insecticide used for termite control and wood 
treatment

Phthalates

diisobutyl phthalate 84-69-5 3 Used in manufacturing in polypropylene, 
fiberglass, polyvinyl chloride, nitrocellulose, 
and others

dicyclohexyl phthalate 84-61-7 1 Plasticizer for cellulose, chlorinated rubber, 
polyvinyl acetate or chloride, and other 
polymers

Chemicals in Commerce

tris(2-chloroethyl) phosphate 115-96-8 2 Flame-retardant plasticizer found in vinyl 
resins, carpet backing, upholstery, thermosets, 
particle board

tris(2-butoxyethyl) phosphate 78-51-3 1 Flame-retardant plasticizer in synthetic rubber 
intended for food or drink consumption, 
among others

2,4-dimethylaniline 95-68-1 1 Intermediate in photographic chemicals, 
pesticides, dyes, and pharmaceutical products

*
Source and use information was obtained from the National Library of Medicine, Hazardous Substances Data Bank (HSDB) – http://

toxnet.nlm.nih.gov/newtoxnet/hsdb.htm, accessed 1/7/15. Compounds in bold italics were also detected in the same extracts using a quantitative 
pesticide method described in the text and Anderson et al., 2014.
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