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A ccording to the NFPA, fewer firefighters are dying on the job than ever before. 

From 2010–2015, the fire service experienced about six deaths per month com-

pared to about 10 per month from 1980–2000.1,2 Turnout gear is better, and train-

ing and safety are now a department’s top priorities. However, it’s what develops after years 

of exposure to the products of combustion that’s killing firefighters prematurely: cancer.

In 2006, the University of Cincinnati published a study covering 37 years of research that 

showed firefighters have a much higher incidence of multiple myeloma, prostate and testicu-

lar cancers, and non-Hodgkins lymphoma (click here to view the study). Today, experts have 

identified more than a dozen cancers that firefighters are more likely to get than the general 

population. The World Health Organization even ranks firefighting as a “possibly carcinogenic” 

occupation. Most firefighters would agree that the word “possibly” should have the word 

“very” in front of it. Firefighters and the organizations promoting their health and safety fully 

recognize the risk. In 2013, the IAFF promoted a new law to establish a national cancer registry 

for firefighters, partly to bring awareness to the risk of acquiring cancer on the job. 
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IAFF President Harold Schaitberger has stated, “Cancer is a looming per-
sonal catastrophe for all our members, and we are just beginning to under-
stand the magnitude of the problem.”

Today, the majority of states and Cana-
dian provinces have adopted presumptive 
legislation that recognizes firefighters are 
more likely to get cancer than other profes-
sions (click here for more information). In 
most cases, the states require that employers 
provide compensation to the employee when 
claims are made for cancer. 

The cancer problem is one that will likely 
worsen as builders continue to use new, more 
combustible materials. Modern furnishings 
are equally combustible, releasing dangerous 
chemicals when exposed to heat and fire. The 
particles in these materials can actually seep 
through turnout gear, reaching the skin and 
the bloodstream. 

Once under the skin, these chemicals 
quickly travel to the organs of the body’s 
detoxification and reproductive systems, 
where they can start to produce malignant cells. Firefighters are trained to 
survive running into burning buildings, but the potentially lethal damage is 
happening at a microscopic level after they are safe at home.    

SCBAs keep smoke from entering the lungs, but short of wearing a her-
metically sealed space suit, there is no way to avoid blood exposure to the 
hundreds of carcinogenic chemicals at every fire call. Cancer has become the 
new normal in firefighting. 

If firefighters can’t avoid chemical exposure, what can they do? Since cancer 
can’t easily be cured, maybe we can prevent it. In recent years, new SOPs 
have emerged to treat black, sooty gear as a hazardous material after every 

fire. Many fire departments require two sets of turnout gear per firefighter so 
that one can be cleaned after a call, and firefighters never have to put on dirty 
turnouts. They even wear surgical gloves to handle the soiled gear when plac-
ing it in the washer. (That’s a long way from the old days of going months never 
cleaning turnout gear and wearing the dirt as a badge of honor.) It’s a novel 
approach that is still gaining traction in the fire service and is being promoted 
nationwide by the Firefighter Cancer Support Network. Other preventive mea-
sures include simple acts, such as hosing down fire apparatus after a fire. Some 
fire departments no longer allow food consumption at the scene because car-
cinogenic chemicals can cling to fingers. Others bring wet-wipes to clean their 
necks and faces within minutes of leaving a structure fire. 

Even though many stations and entire departments are incorporating 
these new protocols, others still maintain old-school habits and have yet to 
adopt prevention as standard procedure. For example, some departments 
outfit new stations with magnetic attachments to their external exhaust-
removal system, so the exhaust hose remains attached to the muffler until the 
truck has left the truck bay, while other stations operate without any exhaust-
removal at all, contaminating their indoor air with diesel exhaust at the begin-
ning and end of every call.

A Sweaty Solution
Taking cancer prevention to the next level, some forward-thinking depart-
ments are attempting to clean their firefighters from the inside out after every 
fire. They’re using medical-grade infrared heating technology and mild exer-
cise to generate sweat—lots of sweat. 

Image 3

When exposed to fire, modern 
furnishings and building materials 
relaease a frightening cocktail of 
toxins known to cause cancer.
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Saunas—specifically low-temperature infrared saunas—have been used in 
medical clinics to treat chronic illness from environmental exposures such as 
lead, pesticides and household mold. Their success has made them prominent 
at colleges of naturopathic medicine; in fact the biggest naturopathic medi-
cal colleges in North America train their doctors in the use of infrared sauna 
therapy as a primary means of treating illness from environmental exposure. 
Evidence-based schools, including the National University of Natural Medicine 
in Portland, Ore., the University of Bridgeport in Bridgeport, Conn., and other 
schools throughout Canada, have ensured that most naturopaths understand 
the health benefits of infrared saunas. 

Studies show infrared saunas can also be used to prevent illness by remov-
ing harmful chemicals from the body before they can trigger disease. Example: 
In 2010, a group of doctors working with infrared sauna technology conducted 
a study using more than 2,000 lab test samples of blood, urine and sweat. (Click 
the paperclip, right, to download the study.) The results showed that we sweat 
out 10 times more toxic heavy metals than we excrete through our urine. 

This discovery paved the way for fire stations to promote sweating as an 
effective means to remove particles that now claim more lives than falling 
roofs. Today, there are special chambers designed just for fire stations 

that combine a medical-grade, infrared heating system 
with an exercise bike. Pairing minor exercise with infrared 
heat is shown to make people sweat profusely in just 10 
minutes without raising their core body temperature.

“We’re trying to make our fire stations cancer-proof 
if we can,” says Chief Jim Parrish of the New Philadelphia 
(Ohio) Fire Department. His was the first U.S. station to 
install a medical-grade infrared sauna with an exercise 
bike, and the staff reported immediate results.“We used 
to smell like smoke for three or four days after a fire,” says 
Chief Parrish. “We don’t anymore.” 

This smell, as it turns out, is aromatic hydrocarbon. 
It smells like turnout gear—ashy, sooty, stale smoke. It’s 
expected on the gear, but it’s a little scary when it’s com-
ing out of your body. It is triggered in the shower because 
hot water releases the toxins stored in the subcutaneous 
fat layer, just under the skin. The water heats the chemi-
cals and turns them into vapor. The infrared sauna system 
removes it more immediately in the sweat. 

“We’re dealing with an increased exposure to hydro-
carbons, chemicals and carcinogens, and we’re not wait-
ing for the illness to come. We’re moving ahead with a 
number of safety initiatives and this is an important one,” 
said Chief Parrish. 

The idea to install sauna systems in fire stations 
started five years ago in Canada when a small-town chief 
decided he’d spoken at the funerals of too many friends 
in the fire service. Today, a handful of American stations 
have adopted these systems for cancer prevention, and 
many more are working it into their budgets for this year. 
The U.S. National Institutes of Health (NIH) has examined 
many peer-reviewed studies and found infrared saunas 
are safe for people with both cardiovascular and respiratory problems. They are 
also safe for those who might not be in the best shape.

“Because infrared heat penetrates more deeply than warmed air, users 
of far-infrared saunas develop a more vigorous sweat at a lower temperature 
than users of traditional saunas,” the NIH review noted. 

Traditional saunas operate by super heating the air, raising the blood 
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Studies show we sweat out more 
toxins than we excrete in urine.
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Abstract There is limited understanding of the toxic-


okinetics of bioaccumulated toxic elements and their


methods of excretion from the human body. This study was


designed to assess the concentration of various toxic ele-


ments in three body fluids: blood, urine and sweat. Blood,


urine, and sweat were collected from 20 individuals (10


healthy participants and 10 participants with various health


problems) and analyzed for approximately 120 various


compounds, including toxic elements. Toxic elements were


found to differing degrees in each of blood, urine, and


sweat. Serum levels for most metals and metalloids were


comparable with those found in other studies in the sci-


entific literature. Many toxic elements appeared to be


preferentially excreted through sweat. Presumably stored in


tissues, some toxic elements readily identified in the per-


spiration of some participants were not found in their


serum. Induced sweating appears to be a potential method


for elimination of many toxic elements from the human


body. Biomonitoring for toxic elements through blood and/


or urine testing may underestimate the total body burden of


such toxicants. Sweat analysis should be considered as an


additional method for monitoring bioaccumulation of toxic


elements in humans.


The interaction between humans and chemical compounds


may be described as a love–hate relationship, a liaison that


probably dates back to the dawn of civilization. Through-


out recorded history, chemical preparations have been used


as a means to effect healing and enhance beauty but also as


a means to induce harm. Hippocrates, sometimes referred


to as the ‘‘father of modern medicine,’’ wrote the Hippo-


cratic Oath in response to the recognition that some med-


ical practitioners were being bribed to poison rivals with


chemical potions. Paracelsus, oft called the ‘‘father of


toxicology,’’ subsequently introduced the idea that illness


may be the result of a chemical imbalance requiring res-


toration through therapeutic chemical intervention.


Through the centuries, humankind has endeavored to tame


existing chemicals and to develop new agents with specific


properties in a ceaseless quest for comfort, convenience,


and optimal health.


Since the Second World War tens of thousands of syn-


thetic chemicals have been unleashed into the environment


along with increasing emission of potentially toxic metal


elements and petrochemical products. Widespread aware-


ness of potential toxicity associated with exposure to some


noxious chemicals, however, has resulted in concern and


disdain in some circles for the chemical revolution that has


descended on humanity in the last half-century. Although


public sentiment in general tends to view naturally occur-


ring chemicals as safe and man-made chemicals as poten-


tially dangerous, some naturally occurring compounds,


including the toxic element arsenic found in soil sediments,


can be lethal at high concentrations, whereas judicious use


of some man-made pharmaceuticals can be life saving.
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There is increasing evidence in recent scientific litera-


ture about potential adverse health sequelae associated with


naturally occurring toxic element bioaccumulation. With


increasing media reports of widespread exposure to metals


and metalloids emanating from contamination of everyday


products including lead in children’s toys, (Weidenhamer


2009) arsenic in rice, (Liang et al. 2010) aluminum in


deodorants (Michalke et al. 2009) and cookware, (Raj-


wanshi et al. 1997) cadmium in cigarette smoke (Lin et al.


2010) and automobile exhaust, (Ewen et al. 2009) as well


as mercury in dental amalgam (Michalke et al. 2009) and


most fish, (Counter and Buchanan 2004) the accrual of


potentially toxic elements in humans has become an issue


of intense study and public health attention. Various gov-


ernments and their medical research arms, such as the


Canadian Institute for Health Research, for example, are


currently supporting research to explore the health impact


of exposure to some heavy metals. (Sears and Bray 2008)


There is limited understanding thus far, however, about the


behaviour and toxicokinetics of bioaccumulated toxic ele-


ments, and there is minimal discussion in the scientific


literature about therapeutic interventions to remove


accrued toxicants, including toxic elements, from the


human body. (Genuis 2010).


In this article, we report the results of a study examining


levels of various toxic elements in three body fluids, blood,


urine, and sweat (BUS), in a group of study participants.


The objective of this research was twofold:


1. By comparing the chemical profiles of each body fluid


examined, we wished to identify the efficacy of each fluid


measurement as a biomonitoring tool to reflect the body


burden of specific elements.


2. By assessing the ratio of sweat to blood content of


specific toxic elements, we undertook to determine the


efficacy of induced perspiration as a means to excrete


metals and metalloids in order to potentially preclude or


overcome health affliction.


Background


With the recognition that certain chemical toxicants in the


environment can adversely affect human health, public


health efforts have focused mostly on two fronts. First,


several studies have explored the extent of bioaccumula-


tion through human biomonitoring as well as monitoring


wildlife and the surrounding environment. Second,


attempts at effect characterization have been undertaken


either through epidemiologic studies on exposed popula-


tions or through animal research.


Although present-day exposure to injurious chemicals


abounds, (Centers for Disease Control, Department of


Health and Human Services. Fourth National Report on


Human Exposure to Environmental Chemicals 2009;


Environmental Working Group 2005) current data on


potential harmful effects is incomplete, and limited


knowledge is available on modes of excretion for specific


xenobiotics. In this article, we briefly review known


adverse health effects associated with bioaccumulation of


some toxic elements and then explain and discuss our


research findings on the human excretion of such elements


by measuring BUS levels of these compounds. Although


this article will focus on data generated for metals and


metalloids, subsequent articles will address excretion of


other compounds, such as phthalates, bisphenol A, sol-


vents, flame retardants, chlorinated pesticides, perfluoro-


chemicals, and others.


As important constituents of the earth’s crust, metals are


extensively scattered in a wide variety of environmental


matrices. Human populations around the globe are regularly


exposed to high levels of toxic elements either directly


through medical, industrial, and agricultural practices or


inadvertently through food consumption and contamina-


tion of air, water, soil, and domestic products. Medical lit-


erature is rife with examples of adverse health effects


associated with toxic element bioaccumulation. (Genuis


2006a, b, 2008; Schnaas et al. 2006; Lanphear et al. 2005;


Needleman et al. 1979; White et al. 2007; Nevin 2000;


Nevin 2007; Needleman et al. 1996; Fowler 1993; Goyer


1993; Schwartz et al. 2000; Grandjean and Landrigan 2006;


Canfield et al. 2003).


Lead


The most widely studied example of metal toxicity is lead


intoxication, known to cause myriad effects throughout the


life cycle. The developing brain is highly susceptible to the


toxic effects of lead with subsequent impact on learning


ability, (Michalke et al. 2009; Schnaas et al. 2006) IQ and


cognitive function, (Lanphear et al. 2005; Needleman et al.


1979; White et al. 2007) social behavior, (Needleman et al.


1979; Nevin 2000) and criminal intent. (Nevin 2007;


Needleman et al. 1996) Exposure to this toxic metal has also


been associated with kidney toxicity (Fowler 1993; Goyer


1993) as well as adult neurodegeneration. (Schwartz et al.


2000; Grandjean and Landrigan 2006) The impact of this


metal appears to be ongoing and widespread because the


presence of lead in some paints, toys, and various other


materials continues to inflict harm on children in various


jurisdictions, including Africa as well as North and South


America (Nevin 2007; Canfield et al. 2003; Clark et al. 2009).


Mercury


‘‘Mad Hatter syndrome’’ was a phrase initially coined to


describe the various symptoms, including irritability,


Arch Environ Contam Toxicol


123







depression, anxiety, and various personality changes, that


arose in individuals occupationally exposed to mercury in


the production of felt hats. (Fraser-Moodie 2003) Although


mercury has been used as a therapeutic and industrial agent


for centuries, it was not until 1940 when a seminal article


by Hunter et al. highlighted the severe effects of methyl


mercury on the human brain. (Hunter et al. 1940) Subse-


quently, there has been an accumulation of epidemiologic


and laboratory evidence of toxic effects, including neuro-


toxicity. Primarily originating from seafood and dental


amalgam, (Bigham et al. 2002; Oken and Bellinger 2008;


Guzzi et al. 2006) mercury bioaccumulation continues to


be a serious health issue, prompting public health organi-


zations such as Health Canada and the United States Food


and Drug Administration to issue recommendations to limit


some seafood intake in vulnerable patient groups, such as


children and pregnant women because of potential toxicity.


(Health 2007; United States Department of Health and


Human Services, Environmental Protection Agency 2004)


Another potential source of mercury exposure is the use of


nasal sprays, ophthalmic products, tattoo inks, and vacci-


nations containing mercury-based preservatives, such as


ethylmercury.


Aluminum


Aluminum is the most abundant metal in our natural


environment, and many studies have reported adverse


health effects associated with its bioaccumulation. Expo-


sure commonly occurs through use of underarm deodorants


as well as aluminum-containing food and beverages.


(Becaria et al. 2002) Aluminum bioaccumulation has been


associated with neurotoxicity leading to memory loss,


tremor, impaired coordination, and generalized convul-


sions, (Zatta et al. 2003) and it has been postulated to play


a role in the development of Alzheimer’s and Parkinson’s


disease. (Michalke et al. 2009; Nayak and Chatterjee 2001;


Corain et al. 1990) As well as posing neurologic compli-


cations, aluminum bioaccumulation has also been linked to


musculoskeletal damage, (Kerr et al. 1992) hepatobiliary


toxicity, (Augsten and Stein 1988; Galle et al. 1987) and


increased risk for cancer. (Spinelli et al. 2006).


Other Toxic Metals


Other metals and metalloids have been discussed in the


literature as well. Arsenic in the water supply continues to


cause serious health issues for exposed groups in India and


Bangladesh. (Chen et al. 2009; Chakraborti et al. 2009;


Samanta et al. 2007) This metalloid is recognized as a


peripheral neurotoxin, causing polyneuropathy in some


exposed individuals. (Vahidnia et al. 2007) Arsenic also


causes a dose-dependent decrease in glutathione (Rao and


Avani 2004) and is suspected to impact memory and verbal


skills. (Michalke et al. 2009) According to the American


Department of Health and Human Services, there is suffi-


cient data to conclude that cadmium is a human carcino-


gen, (Agency for Toxic Substances Disease Registry 2008)


and it has also been associated with higher risks of male


cardiovascular disease mortality, (Menke et al. 2009)


nephrotoxicity, (Suwazono et al. 2006) bone fragility,


(Jarup and Akesson 2009) and decreased visual ability.


(Michalke et al. 2009) High levels of manganese have been


linked to a spectrum of severe adverse health effects,


including neurodegeneration (Michalke et al. 2009; Asch-


ner and Aschner 1991; Michalke et al. 2007) and liver


damage (Butterworth et al. 1995) as well as carcinogenicity


and teratogenicity. (Gerber et al. 2002) Inhaled chromium,


a metal commonly encountered in some occupational


settings, has also been established as a human carcinogen.


(Langard and Vigander 1983; Langard 1990) Many of the


toxic elements, including aluminum, lead, mercury, and


cadmium, have metalloestrogenic properties, (Darbre


2006) which presents concern about endocrine disruption


in association with accrual of these types of compounds


(The Prague Declaration on Endocrine Disruption—126


Signatories. Meeting for international group of scientists


convened in Prague. May 1–12 2005). As knowledge about


the potential toxicity of various toxic elements continues to


unfold, the question arises as to whether bioaccumulation


of such compounds is a widespread and common concern.


The United States Centers for Disease Control and


Prevention recently performed the most comprehensive


study of toxicant exposure ever performed and found that


most American adults and children have bioaccumulated


many potentially injurious chemicals, including toxic ele-


ments. (Centers for Disease Control, Department of Health


and Human Services. Fourth National Report on Human


Exposure to Environmental Chemicals 2009) Research in


other jurisdictions, including Canada, has also shown


widespread toxic-element bioaccumulation. (Buechner


et al. 2004) The problem of chemical accrual is not limited


to those directly exposed: Most developing children in


utero are also at risk as a result of vertical transmission. A


recent study conducted by the Environmental Working


Group on cord blood taken by the American Red Cross


showed that the average sample at birth already contained


287 toxicants, including some toxic metals. (Environmen-


tal Working Group 2005).


With the recognition that it is not always possible to limit


exposure to lower than safe levels and that established safety


thresholds are often flawed, (Genuis 2006b) therapeutic


interventions to eliminate toxicants are being explored.


(Genuis 2010) Furthermore, with increasing cognizance by


the public at large about toxicant bioaccumulation, detoxi-


fication interventions to preclude or overcome health
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problems have gathered much attention. In response, there


has been the emergence of many unlicensed products and


techniques that purport to ‘‘detox’’ or ‘‘cleanse’’ the body,


and some have been marketed without credible scientific


support. Our study, on a cohort of 20 individuals and


approved by the Health Research Ethics Board of the Uni-


versity of Alberta, endeavored to provide evidence relating


to the excretion of toxic elements by the human body.


A primary goal of this work was to determine if


sweating through sauna therapy may facilitate the excre-


tion of some retained toxic elements. The impact of sauna


therapy is achieved by increasing the thermal load to the


body, which initiates an autonomic nervous system (ANS)


thermoregulatory heat-loss response, including enhanced


circulation to the skin from a baseline of 5–10% to a


maximum of 60–70% of cardiac output. (Leppaluoto


1988; Hannuksela and Ellahham 2001) Perspiration


ensues, with an excreted volume of B2 litres/h in some


individuals. (Eisalo and Luurila 1988) Inhibition of the


perspiration mechanism with minimal sweating may


result, however, from ANS impairment secondary to sig-


nificant bioaccumulation of toxicants. (Rea 1997) With


some cultures using sauna therapy as a preventive health


modality, sauna therapy has been recognized as a safe


approach to induce sweating in both the pediatric and


adult population, (Kukkonen-Harjula and Kauppinen 2006)


although children in general tend to sweat considerably


less than adults. (Falk et al. 1992) Although mechanisms


have not been identified, use of this modality has been


associated with short- and long-term amelioration of some


cardiovascular, rheumatologic, and respiratory afflictions.


(Hannuksela and Ellahham 2001; Kukkonen-Harjula and


Kauppinen 2006) Contraindications to sauna use, however,


include high-risk pregnancy, severe aortic stenosis, recent


cardiovascular events, and unstable angina. (Hannuksela


and Ellahham 2001; Kukkonen-Harjula and Kauppinen


2006).


Methods


Participant Recruitment


Nine men and 11 women with mean ages 44.5 ± 14.4 and


45.6 ± 10.3 years, respectively, were recruited to partici-


pate in the study. Ten were patients with various clinical


conditions, and 10 were otherwise healthy adults. Partici-


pants with health issues were recruited from the first


investigator’s clinical practice by invitation. Each partici-


pant in the study provided informed consent and volun-


teered to give one 200-ml random sample of blood, one


sample of first-morning urine, and one 100-ml sample of


sweat. Demographic and clinical characteristics of all


research participants are provided (Table 1).


Table 1 Characteristics of participants in the BUS study


Participant no. Sex Age (y) Clinical diagnosis Technique used to collect sweat


1 M 61 Diabetes, obesity, hypertension Exercise


2 F 40 Rheumatoid arthritis Steam sauna


3 M 38 Addiction disorder Steam sauna


4 F 25 Bipolar disorder Steam sauna


5 F 47 Lymphoma Steam sauna


6 F 43 Fibromyalgia Steam sauna


7 F 48 Depression Steam sauna


8 F 40 Chronic fatigue Infrared sauna


9 F 68 Diabetes, fatigue, obesity Steam sauna


10 M 49 Chronic pain, cognitive decline Exercise


11 M 53 Healthy Exercise


12 M 23 Healthy Infrared sauna


13 M 21 Healthy Infrared sauna


14 F 47 Healthy Infrared sauna


15 M 53 Healthy Infrared sauna


16 F 43 Healthy Infrared sauna


17 F 51 Healthy Infrared sauna


18 M 46 Healthy Infrared sauna


19 M 57 Healthy Infrared sauna


20 F 50 Healthy Infrared sauna
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Sample Collection


All blood samples were collected at one Dynalife labora-


tory site in Edmonton, Alberta, Canada, through vacutainer


blood-collection sets (BD vacutainer, Franklin Lakes, NJ)


using 21-gauge stainless steel needles. Blood was collected


directly into plain 10-ml glass vacutainer tubes, allowed to


clot, and spun down 30 min later. After serum was sepa-


rated off, samples were picked up by ALS Laboratories


(approximately 3 km from the blood collection site) for


storage until analysis. When received at ALS, serum


samples were transferred to 4-mL glass vials and stored in


a freezer at –20�C until pending transfer to the analytic


laboratory. Trace metals and metalloids were quantified in


serum rather than whole blood in this study. From an


analytic-chemistry standpoint, the matrix effect from serum


is lower than that of whole blood.


For urine collection, participants were instructed to


collect a first-morning urine sample directly into a pro-


vided 500-ml glass jar container with a Teflon-lined lid


on the same day that blood samples were collected. Urine


samples were delivered by the participants directly to


Edmonton ALS Laboratories. Samples were transferred to


4-mL glass vials and stored in a freezer at –20�C, pending


transfer.


For sweat collection, participants were instructed to


collect perspiration from any site on their body directly into


the provided 500-ml glass jar container with a Teflon-lined


lid by placing the jar against their prewashed skin when


actively sweating or by using a stainless steel spatula


against their skin to transfer perspiration directly into the


glass jar. (Stainless steel, which is made up primarily of


iron, chromium, and nickel, was chosen because it is


composed of the same material as the needles used in


standard blood collections and is reported not to offgas or


leach at room or body temperature.) More than 100 cc of


sweat was provided in all but one case. Each of the glass


bottles used for sampling in this study was provided by


ALS laboratories and had undergone precleaning according


to a defined protocol: laboratory-grade phosphate-free


detergent wash, acid rinse, multiple hot and cold deionized


water rinses, oven drying, capping, and packing in quality-


controlled conditions. Sweat was collected within 1 week


before or after the blood was collected. No specifications


were given as to how long sweating had commenced before


collection. Ten participants collected sweat inside an


infrared sauna; seven collected sweat inside a regular steam


sauna; and three collected sweat during and immediately


after exercise. No specific instruction was given regarding


the type or location of exercise. Sweat was delivered by the


participants directly to ALS laboratories. Samples were


transferred to 4-mL glass vials and stored in a freezer at


–20�C until transfer.


All biologic samples were shipped frozen on dry ice to


ALS Laboratories in Sweden for analysis. No preservatives


were used in the jars provided for sweat and urine collec-


tion nor in the serum storage vials.


Analytic Methods


In each of the BUS body fluids, testing was undertaken for


18 different metals and metalloids, including arsenic, alu-


minum, bismuth, cadmium, cobalt, chromium, copper,


mercury, manganese, molybdenum, nickel, lead, antimony,


selenium, tin, thallium, uranium, and zinc. Closed-vessel


microwave-assisted digestion with concentrated nitric


acid was used for all body fluids under investigation.


(Rodushkin et al. 2000) An aliquot of sample (1 ml) was


digested with 1 ml HNO3 (Supra Pure grade) for 60 min at


600W power. After cooling to room temperature, the digest


was poured into acid-washed polypropylene auto-sampler


tubes and diluted to 10 ml with distilled, deionized water


followed by addition of internal standards indium and


lutetium. All manipulations with samples were performed


in clean (class 10000) laboratory areas. Two method blanks


were prepared with each batch of 10 samples by substi-


tuting body fluids with 1 ml water.


Sample digests were analysed by inductively coupled


plasma sector field mass spectrometry (ELEMENT2;


ThermoScientific) using synthetic blanks, method blanks,


control samples, and standards matching the sample solu-


tions in acid strength. (Rodushkin et al. 2004) Quantifica-


tion was performed by external calibration combined with


internal standardization (matrix effects correction). Com-


bination of instrumental high resolution and mathematical


corrections were used to deal with spectral interferences.


(Rodushkin and Odman 2001) Method detection limits were


calculated as three times the SD of method blanks. Perfor-


mance of analytic procedure was controlled by analysis of


reference material (International Atomic Energy Agency,


IAEA A-13 bovine blood) and control samples (trace


Elements in serum and urine from Sero AS, Norway) as


well by regular participation in performance test program


for clinical matrices managed by Centre de toxicologie du


Québec (CTQ) (Canada).


Data Analysis


In addition to regular quality assurance and quality control,


comparison of concentrations in our study with large pop-


ulation based cross-sectional studies including the National


Health and Nutrition Examination Survey (NHANES) was


performed to enhance the validity and reliability of the data.


Urine/blood and sweat/blood ratios were calculated as


predictors of the efficiency of these urinary and dermal
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modes of trace element excretion. Descriptive statistics


were generated using SPSS 17.0 for Windows (SPSS,


Chicago, IL), and figures were generated using Microsoft


Excel 2007 (Redmond, Washington).


In this study, the term ‘‘blood’’ refers to the serum com-


ponent of the blood rather than whole blood or erythrocytes.


Serum was measured because this fluid compartment is


in closer proximity to sweat glands, whereas additional


endogenous mobilization is necessary to extract metals out


of erythrocytes before they can be taken up into the glands.


Although there appears to be approximate equivalency


between serum and whole blood concentrations for some


trace elements, some metals have an affinity for red cells


with a manifest disparity between serum, plasma, and whole


blood levels. (Barany et al. 2002; Goullé et al. 2005) In one


large study investigating the correlation between concen-


trations in whole blood and serum, for example, the median


whole blood lead level in the sample was approximately 50


times higher than the median serum lead level. (Barany et al.


2002) Toxic elements and xenobiotics in general may have


differing affinities for intracellular versus extracellular


environments as well as differing affinities for various body


compartments, including blood, interstitial fluid, specific


tissues, and assorted secretions. Nonetheless, the overall


objective of this research was not to comment on the total


load of toxic element bioaccumulation for each participant


but rather to assess the potential for excretion of toxic ele-


ments by induced sweating and to determine if sweat anal-


ysis might provide valuable information about the presence


of concealed accrued toxicants.


Results and Discussion


Demographic statistics, as well as the medical status of the


20 study participants, are listed in Table 1. Detection limits


of the different trace elements tested in BUS are listed in


Table 2, and the number of samples that have detectable


levels of trace metals and metalloids are listed in Table 3.


Frequency distributions for the 18 trace elements in BUS


are also provided (Table 4). It is immediately obvious in


most cases that the median is closer to the geometric mean


than to the arithmetic mean and thus the values follow a


log-normal distribution. The distribution includes some


outliers, and the sample size median is a preferred indicator


of distribution. For the purpose of comparison with other


studies, median values are used.


Although there is variability in analytic methods, sample


sizes, and populations investigated, serum levels of trace


elements (with the exception of aluminum) in healthy


adults enrolled in this study do not depart significantly


from those found in other studies (Goullé et al. 2005; Pasha


et al. 2010; Forrer et al. 2001; Rollin et al. 2009a; Gabos


et al. 2008; Institut National de Santé Publique du Québec


2004) (Table 5). To check the discrepancy with aluminum,


Table 2 Detection limit of the different elements in BUS


Element Limit of detection (lg/L)


Serum Urine Sweat


Arsenic 0.2 0.2 0.2


Aluminium 2 2 2


Bismuth 0.05 0.05 0.05


Cadmium 0.02 0.02 0.02


Cobalt 0.05 0.05 0.05


Chromium 0.1 0.1 0.1


Copper 1 1 1


Mercury 0.1 0.2 0.1


Manganese 0.5 0.5 0.5


Molybdenum 0.5 0.5 0.5


Nickel 0.1 0.1 0.1


Lead 0.05 0.05 0.5


Antimony 0.6 0.6 0.5


Selenium 2 2 2


Tin 0.5 0.1 0.1


Thallium 0.02 0.02 0.02


Uranium 0.02 0.02 0.02


Zinc 2 2 2


Table 3 Number of samples in which trace elements were detected


N greater than detection limit N for valid ratios


Blood Urine Sweat U/B S/B (S/B)/(U/B)


Arsenic 17 20 20 17 17 17


Aluminum 20 20 20 20 20 20


Bismuth 8 19 19 8 7 7


Cadmium 11 4 18 3 11 3


Cobalt 20 20 20 20 20 20


Chromium 20 19 20 19 20 19


Copper 20 20 20 20 20 20


Mercury 16 16 20 13 16 13


Manganese 20 20 20 20 20 20


Molybdenum 20 20 20 20 20 20


Nickel 20 20 20 20 20 20


Lead 20 20 20 20 20 20


Antimony 1 1 19 0 1 0


Selenium 20 20 20 20 20 20


Tin 2 19 20 1 2 1


Thallium 20 20 20 20 20 20


Uranium 20 20 20 20 20 20


Zinc 20 20 20 20 20 20


B blood, U urine, S sweat
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we scanned the literature and found that only one source


concurred with the levels reported in this article. (Pais and


Jones 1997) For comparison purposes, median urine levels


of some of the trace metals are compared with the 2008


figures published by the United States Centers for Disease


Control and Prevention, (United States Center for Disease


Control and Prevention 2010) and relevant data are


presented (Figs. 1, 2).


There are few published data in the medical literature


examining levels of toxic trace elements in sweat (Hohn-


adel et al. 1973; Cohn and Emmett 1978; Hoshi et al. 2001)


(Table 6). It is apparent from the data presented that our


results approximate those reported for Americans but are


considerably different than Japanese population data. To


the investigators’ knowledge, our research is the first study


looking at levels of metals and metalloids simultaneously


in three body fluids in the same group of participants, thus


enabling us to compare the efficiency of excretion through


urine and sweat. It is evident from Figs. 3 and 4 that for


many toxic elements, including cadmium, lead, and alu-


minum, excretion in sweat far exceeds that in urine. Cad-


mium, for example, was detected in 11 blood, 4 urine, and


18 sweat samples with a sweat-to-blood ratio of 87.


Because cadmium was detected in only 4 urine samples, a


reliable BUS ratio could not be computed.
Fig. 1 Serum levels of trace elements in patients (D) and healthy


controls (Co). With the exception of As_D, As_Co, and Hg_Co, where


N = 9, 8, and 6 respectively, N = 10 for all others


Fig. 2 Median urine levels of trace elements in patients (D), healthy controls (Co), and healthy Americans (US)
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The findings from this study have three important


implications:


1. From a therapeutic standpoint, induced sweating may


have potential as a clinical intervention for elimination


of some toxic elements. However, the concomitant loss


of required trace minerals into sweat, which is also


evident from the data, serves to remind that sauna


users should secure adequate intake of required


minerals to compensate for losses and to replete


diminished reserves.


2. From a public health perspective, clusters of people,


such as firefighters, who by the nature of their


occupations are exposed to toxic elements, may be


advised to regularly undertake induced sweating.


Further research is required, however, to determine


whether induced sweating on the day of exposure is


beneficial or detrimental because enhanced circulation


to the skin associated with sauna may stimulate greater


absorption of toxicants on the skin.


3. From a biomonitoring perspective, perspiration may


serve as a more sensitive body fluid for measurement


compared with blood because some toxic elements,


including cadmium, bismuth, antimony, and tin, are


frequently not detected in serum but may be found in


sweat samples from the same individual (Table 3).


This latter observation affirms the fact that serum levels


of various xenobiotics do not necessarily reflect the total


body burden of such compounds because accrued toxicants


may store in tissues, and serum levels may belie actual


toxicant status. Furthermore, various immediate states in


the body, including activity level, caloric intake, hydration,


underlying nutrient status, and other factors, can cause


toxicant shifts between body compartments, (Genuis 2010;


Jandacek et al. 2005) with the potential to cause significant


variation in blood levels within the same person. This


realization is important because most biomonitoring stud-


ies of toxic elements and other xenobiotics are based on


snap-shot blood levels of such compounds. Furthermore, it


is evident from the results that sweat does not represent an


ultrafiltrate of blood plasma because concentrations of


various elements vary considerably between serum and


sweat.


When sweat/blood rations are calculated for matched


participants and the data stratified by sex and type of sauna


used, interesting patterns appear to emerge for some trace


elements (Table 7). For example, regarding the excretion


of cadmium, mercury, thallium, and uranium, women


appear to be more efficient at excreting trace metals


through sweat than men. In addition, infrared sauna


appears to work better for bismuth, cadmium, chromium,


mercury, and uranium, whereas steam sauna seems to be


more efficient for the other elements tested. Overall, theT
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excretion rate for most available elements, other than lead,


appeared to be somewhat higher when sweat was collected


using sauna versus exercise-induced sweating, but the


number of participants using exercise for sweat collection


was too low to test for all elements and to provide a


definitive answer on relative concentrations.


Limitations


There are limitations of this research. Although reports of


clinical improvement after sauna therapy specifically for


toxicant exposure exist in the literature, (Parpalei et al.


1991) our study did not assess health outcomes associated


with induced sweating. Testing of other bodily excretions,


such as feces, breast milk, tears, or saliva, to assess rela-


tive concentrations of toxicants in other fluids was not


performed. It was not possible to determine if the sweat


fluid measured might have been tainted by elements orig-


inating from sebum as well as directly from skin tissue.


The process of sweating appears to facilitate excretion of


some toxic elements; the fluid released on sweating,


however, may represent a combination of perspiration,


sebum, and matter released directly from skin and not


exclusively sweat.


Methodologic limitations include the possibility that


sweat originating from different parts of the body may


excrete toxicants at different concentrations and that


excretion rates may also vary with the duration of sweat-


ing. Despite precautions, the possibility of inadvertent


contamination of samples is also a possibility. This appears


less likely because quality controls and blanks were ana-


lysed simultaneously; various samples showed no toxic


elements; reasonable consistency was found between ratios


Fig. 3 Comparison of


elimination of metals through


urine and sweat. The figures on


top of each bar represent the


median of the ratios of


concentrations of each metal in


urine/serum (grey bars) and


sweat/serum (black bars). The


number of data points used to


generate each bar is listed in


columns 5 and 6 of Table 3


Fig. 4 Comparison of median


excretion efficiency of metals


through sweat and urine. The


figure only shows the relevant


trace metals that have been


simultaneously detected in


BUS. Values \1 indicate that


elimination through urine is


more efficient that through


sweat. Values [1 indicate that


sweat is a more efficient


pathway of eliminating the


metal from the body. The


number of data points used to


generate each bar is listed in the


last column of Table 3
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of toxic elements in participants’ BUS; and general


consistency was evident with excretion ratios between


elements. Another limitation of the study is that serum


creatinine was not measured at the time of sweat collec-


tion; hydration status might influence concentration of


excreted elements.


Conclusion


According to the findings of this study, sweat analysis


provides an additional method for biomonitoring human


levels of many potentially toxic elements. Biomonitoring


based exclusively on measurements from blood and/or


urine can provide misleading conclusions about the state of


toxicant accrual and can underestimate the total body


burden of xenobiotics. Furthermore, with the abundance of


unsubstantiated information relating to detoxification, evi-


dence from this research demonstrates that there may be a


role for induced perspiration as a preventive and thera-


peutic measure to assist individuals and groups at health


risk resulting from exposure to and bioaccumulation of


toxic elements. Future studies should explore clinical


health outcomes of induced sweating programs in patients


with toxic element bioaccumulation.
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toxicitȳa review. Hum Exp Toxicol 26(10):823–832


Weidenhamer JD (2009) Lead contamination of inexpensive seasonal


and holiday products. Sci Total Environ 407(7):2447–2450


White LD, Cory-Slechta DA, Gilbert ME, Tiffany-Castiglioni E,


Zawia NH, Virgolini M, et al (2007) New and evolving concepts


in the neurotoxicology of lead. Toxicol Appl Pharmacol 225:


1–27


Zatta P, Lucchini R, van Rensburg SJ, Taylor A (2003) The role of


metals in neurodegenerative processes: aluminum, manganese,


and zinc. Brain Res Bull 1:15–28


Arch Environ Contam Toxicol


123



http://www.cdc.gov/nchs/nhanes/nhanes2005-2006/lab05_06.htm

http://www.cdc.gov/nchs/nhanes/nhanes2005-2006/lab05_06.htm

http://www.cfsan.fda.gov/~dms/admehg3.html

http://www.cfsan.fda.gov/~dms/admehg3.html



		Blood, Urine, and Sweat (BUS) Study: Monitoring and Elimination of Bioaccumulated Toxic Elements

		Abstract

		Background

		Lead

		Mercury

		Aluminum

		Other Toxic Metals



		Methods

		Participant Recruitment

		Sample Collection

		Analytic Methods

		Data Analysis



		Results and Discussion

		Limitations

		Conclusion

		References





Michelle
File Attachment
Heavy Metal Sweat Study.pdf



VOLUME 6, ISSUE 2 40

pressure, heart rate and overheating blood temperature. This triggers a good 
sweat, but also has the side effect of releasing stored toxins into the blood-
stream. This is why people can feel suddenly tired after a sauna and take hours 
to recover. Even though sweating goes back thousands of years as a way to 
purge disease and ward off illnesses, people have always approached it with 
caution. In Europe, the public saunas have resting rooms where people can lay 
down when they get overwhelmed by the heat.

These unique fire-station chambers work a bit differently. Specially designed 
to operate below core body temperature (-98 F), they do not affect heart rate or 
blood pressure. Toxins are excreted onto the skin via sweat particles and do not 
re-circulate into the blood stream. There are virtually no side effects. Firefighters 
are in and out in 10–15 minutes and remain call-ready the whole time.  

When firefighters return from a call in the stations with saunas, they wash 
their gear, then they shower. After they’re clean, they enter the sauna with the 
heat up to 80 F+ and take a short ride on the bike. They sweat like a marathon 
runner in a few minutes, wipe it off and take another shower. The next morning, 
there is no smoke smell. That’s because the chemicals were sweated out and 
wiped away, instead of staying in the body and entering their bloodstream. 

This is a simple solution to a very complex problem. The “sweat doctors” 
who did the research published three peer-reviewed articles in medical journals 
that also showed humans routinely sweat plastic and its tiny components, such as 
phthalate and Bisphenol-A (click the paperclips to download the articles. 

These are known carcinogens that can be detected in sweat when they are 
virtually undetectable in urine. That means our natural mechanism for removing 
these complex chemicals is via sweat; they are removed safely, bypassing the kid-
neys, liver and bloodstream and move directly onto the skin where they are simply 
wiped away with a towel. 

Bob Gilmore was a young firefighter with the Kitchener (Ontario) Fire 
Department when crews responded to a plastic-factory fire in the 1990s. Years 
later, some of the firefighters who worked that incident developed premature 
cancers. Now that’s he’s the deputy chief, he has chosen to install an infrared 
sauna system to help his firefighters prevent disease before it starts. He imme-
diately noticed the exact same results as they did in Ohio.“When I was fighting 
fires every day, my wife used to tell me all the time I smelled like smoke when 
I came home,” Deputy Chief Gilmore says. “Now I know what that smoke was 
doing to me, and as I move up through the ranks, it’s now my responsibility to 
make sure my staff is protected from it.” 

Gilmore installed an infrared sauna system at Kitchener’s station headquar-
ters more than a year ago and has made its use standard procedure for new 
recruits. Virtually every firefighter using it reports that they no longer smell like 
smoke after a fire. That part of being a firefighter is behind them. So too, they 
hope, is the elevated risk of getting cancer.    

References
1 http://www.nfpa.org/news-and-research/fire-statistics-and-reports/fire-statistics/
the-fire-service/fatalities-and-injuries/firefighter-fatalities-in-the-united-states
2  http://www.nfpa.org/news-and-research/fire-statistics-and-reports/fire-statistics/
the-fire-service/fatalities-and-injuries/firefighter-deaths

Rodney Palmer is president of SaunaRay Inc. and designer of 
the Detox System for Fire Stations. His company works in con-
junction with medical researchers in the field of environmental 
medicine, detoxification therapy, and occupational health and 
safety. Learn more at www.saunaray.com.

Infrared saunas for fire departments 
utilize moderate exercise to generate 
lots of sweat without the side-effects 
of traditional saunas. 
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Background. Individual members of the phthalate family of chemical compounds are components of innumerable everyday
consumer products, resulting in a high exposure scenario for some individuals and population groups. Multiple epidemiological
studies have demonstrated statistically significant exposure-disease relationships involving phthalates and toxicological studies
have shown estrogenic effects in vitro. Data is lacking in the medical literature, however, on effective means to facilitate phthalate
excretion. Methods. Blood, urine, and sweat were collected from 20 individuals (10 healthy participants and 10 participants with
assorted health problems) and analyzed for parent phthalate compounds as well as phthalate metabolites using high performance
liquid chromatography-tandem mass spectrometry. Results. Some parent phthalates as well as their metabolites were excreted into
sweat. All patients had MEHP (mono(2-ethylhexyl) phthalate) in their blood, sweat, and urine samples, suggesting widespread
phthalate exposure. In several individuals, DEHP (di (2-ethylhexl) phthalate) was found in sweat but not in serum, suggesting
the possibility of phthalate retention and bioaccumulation. On average, MEHP concentration in sweat was more than twice as
high as urine levels. Conclusions. Induced perspiration may be useful to facilitate elimination of some potentially toxic phthalate
compounds including DEHP and MEHP. Sweat analysis may be helpful in establishing the existence of accrued DEHP in the
human body.


1. Introduction


As a family of man-made chemical compounds, phthalates
are a standard component of modern day plastics and are
specifically used to create plastic products that are soft and
malleable. First developed in the 1920s, some phthalates
have also been found to maintain color and scent in various
mediums and are thus used in a wide variety of consumer
goods including fragrances, paints, and nail polish. As a
result, production of phthalate compounds has exploded
over the last half century and they have increasingly been
incorporated into assorted household and medical materials
[1]. Often referred to as plasticizers, phthalates can be
found in medical devices such as intravenous tubing and
blood collection bags. Moreover, they are extensively used


in plastic wrapping for food and beverage packaging, and
are a ubiquitous component of soft plastic toys as well as
various other products including vinyl floor tiles, shower
curtains, synthetic leather, cosmetics, shopping bags, and
pharmaceuticals [2–5].


With the widespread use of phthalates in numerous
everyday products, these compounds have become one of
the most common synthetic chemical exposures, resulting in
concern about the potential impact of phthalates on human
health. Phthalates have recently been detected throughout
large population samples in both North America and Europe,
and more recently have been found in fetal samples [6–
10]. Recent evidence demonstrates a link between phthalate
exposure and adverse health effects in both animal and
human models, raising the question of whether usage
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of these compounds requires regulation—a concern that
recently prompted the signing of a European ban in 2005 on
certain phthalates in all childcare articles and toys [11]. An
overview of the literature regarding the potential effects of
phthalates on human health is presented, followed by data
from 20 subjects whose blood, urine, and sweat were tested
for phthalate compounds.


2. Background


Phthalates are synthesized as an ester of benzenedicarboxylic
acid (also known as phthalic acid) and are valued for their
ability to promote both flexibility and stability in plastics [2].
Diisononyl phthalate (DINP), diisodecyl phthalate (DIDP),
and di-2-ethyl-hexyl phthalate (DEHP) are the most com-
mon types of compounds used within the phthalate family,
with DEHP representing the highest proportion of produced
phthalates as a component in the mass produced plastic,
polyvinyl chloride (PVC) [12, 13]. Because phthalates are not
covalently bound as plasticizers, they are able to migrate from
phthalate-containing items into air, dust, water, soil, and
sediment, leading to widespread human exposure through
ingestion, inhalation, and dermal contact [5, 14].


Once they enter the body, phthalates undergo a series of
phase I hydrolysis and phase II conjugation reactions and
are subsequently excreted in feces and urine [15]. Existing
literature suggests that phthalate clearance from the body
is rapid and primarily via urinary excretion with only a
slight cumulative potential. Thus, the major mechanism of
detection is through screening urine for monoesters [16–
18]. This was originally thought to be an accurate measure
of all phthalate exposure; however, recent work regarding
phthalate metabolism suggests it is likely to underestimate
exposure to phthalates with long alkyl chains, such as DEHP
and DINP, which undergo further metabolism prior to excre-
tion [8]. Both primary and secondary phthalate metabolites
are biologically active [19–22]. Conclusive evidence on levels
of phthalate bioaccumulation within specific organs and
tissues of the body has not been available thus far.


2.1. Human Exposure. Throughout the latter parts of the
20th century and the current 21st century, multiple urine
samples analyzed from populations worldwide have consis-
tently demonstrated phthalate exposure in up to 98% of
participants, including pregnant women [6, 8–10, 23–25].
As phthalates are thought to have a relatively short half-life
of less than 5 hours, this widespread detection is likely to
indicate chronic exposure [15], rather than accrual within
the body.


Sources and pathways of exposure may vary widely.
In neonates, infants, and toddlers, exposure may come
through vertical transmission or external sources. The most
likely neonatal exposure pathway is vertical transmission
through the placenta or breast-feeding. In utero, phthalates
circulate through the placenta and into fetal blood, where
they are found to have an extended half-life as compared
to maternal serum (up to 6.2 and 64 hours in fetal serum
and amniotic fluid, resp.) [15, 26]. Breast milk is also found


to contain detectable levels of phthalates, particularly the
most hydrophobic compounds, which include DEHP and
DINP [27–30]. Infant formula, baby food, and children’s
toys are additional sources of exposure, a realization that
has prompted Europe to enact legislation limiting use of
these compounds in order to prevent adverse effects in
development [8, 11, 31–34].


Other common sources of exposure in the general
population include ingestion of contaminated food and dust.
Phthalates are able to easily leech from plastics into proximal
food and fluids and are found at highest concentration in
foods with high fat concentrations, such as dairy, poultry,
and oils [8, 14, 35]. Absorption of phthalates can also
occur via dermal contact [5]. This is of concern with
products such as deodorant, perfumes, aftershave, hair
styling products, shampoo, skin and nail care products,
as well as cosmetic products—which have been found to
contain varying amounts of phthalates, ranging from 1–
15,000 mg/kg [8]. Additionally, neonates or children who
spent time in an intensive care unit and patients who are
critically ill are exposed to high levels of phthalates through
medical equipment including intravenous bags and tubing
[36–38].


2.2. Potential Human Health Implications. A population
analysis in Germany concluded that the average level
of human exposure to DEHP was approximately
0.0024 mg/kg B.W/day, much below the current “No
Observed Adverse Effect Level” (NOAEL) adopted by the
European Food Safety Authority for DEHP at 5 mg/kg/day
[39]. However, this is not adequate grounds for dismissing
further study and regulation. DEHP levels, amongst
other phthalates, are likely to be underestimated through
monoester urine screening and the effects of various
phthalates are thought to be cumulative [8, 40, 41].
Moreover, studies in human populations are increasingly
associating phthalate exposure with adverse effects,
highlighting the importance of a more complete and
widespread understanding of the behavior, potential for
bioaccumulation, and the adverse effects of phthalates in
human populations.


The most widely studied adverse effect of phthalate
exposure thus far suggests a potential disturbance in the
development and function of reproductive organs through
endocrine disruption [42–55]. Exposure of animals to high
levels of phthalates results in a well-described change:
the testis decrease in weight with atrophy of seminiferous
tubules, progressive degeneration of germ cells, Sertoli cell
dysfunction, and hormonal disruption in Leydig cells [19–
21, 56–61]. Prepubertal and pubertal males appear to be
more vulnerable at lower doses and a shorter duration of
exposure leading to the changes described [62].


In developing male rats, phthalate metabolites were
found to inhibit fetal testicular testosterone biosynthe-
sis through changes in gene expression of enzymes and
proteins necessary for fetal Leydig cell function [42–
45]. This is especially prevalent with exposure to DEHP,
dibutyl phthalate (DBP), and butyl benzyl phthalate (BBP)
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and results in anatomical anomalies consistent with the
disruption of androgen-dependent development [63, 64].
Observed changes include cryptorchidism, hypospadias,
reduced sperm production, permanent retention of nip-
ples, atrophy or agenesis of sex accessory organs, and
decreased anogenital distance [64, 65]. The severity and
frequency of these manifestations appear to be dose-
dependent, with the most distorted malformations occurring
at 750 mg DEHP/kg/day, and subtler manifestations at as
low as 6 mg/kg/day in animal models [64, 66]. A recent
study in male infants was the first of its kind in expressly
demonstrating such an association in humans. Swan et al.
found a significant correlation between increased levels of
phthalates in maternal urine and a decreased (feminized)
anogenital distance in their male offspring, suggesting that
prenatal exposure to phthalates may be of real consequence
for people [46].


Adult female rats have traditionally appeared less sen-
sitive to phthalate exposure; however, there is evidence
that at high levels (2000 mg/day), they develop reduced
serum estradiol levels, prolonged estrous cycles, and at
times may cease to ovulate [51]. Phthalate exposure has
also been associated with a delay in the onset of puberty,
a decrease in fertility, and an increased incidence of mid-
gestation spontaneous abortion [50, 65, 67]. Metabolites are
believed to target the ovary, where suppression of aromatase
enzyme activity limits the synthesis of estradiol. Additionally,
there is evidence to suggest phthalate exposure may have
a teratogenic effect, resulting in both visceral and skeletal
anomalies in animal models [4, 52, 68].


Given the emerging literature in this field, a series
of observational studies have been undertaken in human
populations. Recognizing that trials are not possible with
humans—as exposing individuals or populations to poten-
tially toxic compounds is unethical—more prolonged and
academically challenging observational studies of cohorts
found to be exposed is the primary method used to draw
conclusions about associations between human exposures
and health outcomes. Though unable to delineate causal
relationships, preliminary research has associated phthalate
exposure with reduced semen quality, endometriosis, shorter
pregnancy duration, and reduced anogenital distance in
males [26, 53, 54, 69–71]. More recent evidence, however, has
demonstrated a definitive link between “DEHP concentra-
tion in ambient air and the adverse effects in sperm motility
and chromatin DNA integrity [72].” Given the widespread
use of compounds containing phthalates, the implications
for reproductive toxicity are concerning.


Beyond reproductive outcomes, there has been much
interest in the link between phthalate exposure and allergy
and asthma symptoms in children, as well as the proposed
association with an increased waist circumference and BMI
[73–79]. Despite these emerging concerns, manufacturers
are not obligated to include phthalates on the list of
ingredients for children’s products sold in Canada. Finally,
it is not known whether the toxic effect of phthalates is dose
dependent and whether there is a consistent threshold level
where toxicity is manifest.


In this study, approved by the Health Research Ethics
Board at the University of Alberta, we endeavored to increase
the understanding of the behavior of phthalate compounds
by assessing human excretion of various common members
of the phthalate family into each of three body fluids:
blood, urine, and sweat. Both parent compounds and their
metabolites were studied.


3. Methods


3.1. Participant Recruitment. 9 males and 11 females with
mean ages 44.5±14.4 years and 45.6±10.3 years, respectively,
were recruited to participate in the study after appropriate
ethical approval was received from the Health Research
Ethics Board of the University of Alberta. 10 participants
were patients with various clinical conditions and 10 were
otherwise healthy adults. Participants with health issues
were recruited from the first author’s clinical practice by
invitation and both healthy and sick individuals were selected
as samples of convenience by availability, wish to participate,
and ease of contact. Each participant in the study provided
informed consent and volunteered to give one 200 mL
random sample of blood, one sample of first morning urine
and one 100 mL sample of sweat. Demographic and clinical
characteristics of all research participants are provided in
Table 1.


3.2. Samples Collection. All blood samples were collected at
one DynaLIFE laboratory site in Edmonton, AB, Canada
with vacutainer blood collection equipment (BD Vacutainer,
Franklin Lakes, NJ 07417, USA) using 21-gauge stainless
steel needles which were screwed into the “BD Vacutainer
One-Use Holder” (REF 364815). The 10 mL glass vacutainer
was directly inserted into the holder and into the back
end of the needle. This process and the use of glass blood
collection tubes were used to prevent contamination. Blood
was collected directly into plain 10 mL glass vacutainer tubes,
allowed to clot, and after 30 minutes was centrifuged for
10 minutes at 2,000 revolutions per minute (RPM). After
serum was separated off, samples were picked up by ALS
Laboratories (about 3 kilometres from the blood collection
site) for storage pending analysis. When received at ALS,
serum samples were transferred to 4 mL glass vials and stored
in a freezer at −20◦C, pending transfer to the analytical
laboratory. We chose to analyze phthalates in serum rather
than in whole blood, based on the fact that the matrix effect
of serum is much lower than whole blood.


For urine collection, participants were instructed to
collect a first morning midstream urine sample directly into
a provided 500 mL glass jar container with Teflon-lined lid
on the same day that blood samples were collected. Urine
samples were delivered by the participants directly to ALS
Laboratories, Edmonton. Samples were transferred to 4 mL
glass vials and stored in a freezer at −20◦C, pending transfer.


For sweat collection, participants were instructed to
collect perspiration from any site on their body directly
into the provided 500 mL glass jar container with Teflon-
lined lid—by placing the jar against their prewashed skin







4 The Scientific World Journal


Table 1: Participant demographics and general clinical characteristics.


Participant Gender Age Clinical diagnosis Technique used for sweat collection


1 M 61 Diabetes, obesity, hypertension Exercise


2 F 40 Rheumatoid arthritis Steam Sauna


3 M 38 Addiction disorder Steam Sauna


4 F 25 Bipolar disorder Steam Sauna


5 F 47 Lymphoma Steam Sauna


6 F 43 Fibromyalgia Steam Sauna


7 F 48 Depression Steam Sauna


8 F 40 Chronic fatigue Infrared Sauna


9 F 68 Diabetes, fatigue, obesity Steam Sauna


10 M 49 Chronic pain, cognitive decline Exercise


11 M 53 Healthy Exercise


12 M 23 Healthy Infrared Sauna


13 M 21 Healthy Infrared Sauna


14 F 47 Healthy Infrared Sauna


15 M 53 Healthy Infrared Sauna


16 F 43 Healthy Infrared Sauna


17 F 51 Healthy Infrared Sauna


18 M 46 Healthy Infrared Sauna


19 M 57 Healthy Infrared Sauna


20 F 50 Healthy Infrared Sauna


Table 2: Phthalate compounds tested.


Parent compounds Corresponding metabolites


DMP (dimethyl phthalates) MMP (monomethyl phtalate)


DEP (diethyl phthalates) MEP (monoethyl phthalate)


DBP (dibutyl phthalates)
MBzP (mono-benzyl phthalate)
MiBP (mono-iso-butyl phthalate)


BBP (benzyl butyl phthalates) MBzP (mono-benzyl phthalate)


DCHP (dicyclohexyl phthalates) MCHP (mono-cyclohexyl phthalate)


DEHP (di (2-ethylhexl)phthalates)


MEHP (mono(2-ethylhexyl) phthalate)
MEHHP (mono-(2-ethyl-5-hydroxyhexyl)phthalate)
MEOHP (mono-(2-ethyl-5-oxohexyl) phthalate)


DiNP (di-isononyl phthalates) MINP (monoisononyl phthalate)


DOP (di-octyl Phthalate) MOP (mono-n-octyl phthalate)


(with toxicant-free soap, water, and nonplastic brush) when
actively sweating or by using a stainless steel spatula against
their skin to transfer perspiration directly into the glass jar
(stainless steel—made up primarily of iron, chromium, and
nickel—was chosen as it is the same material as the needles
used in standard blood collections and is reported not to
off-gas or leach at room or body temperature). In excess of
100 mL of sweat was provided in all but one case. Each of the
glass bottles used for sampling in this study was provided by
ALS laboratories and had undergone extensive cleaning and
rinsing. The containers were deemed appropriate for sweat
collection with negligible risk of contamination: laboratory-
grade phosphate-free detergent wash; acid rinse; multiple
hot and cold deionized water rinses; oven dried; capped and
packed in quality-controlled conditions. Sweat was collected


within 1 week before or after collecting the blood and
urine samples. No specifications were given as to how long
sweating had commenced before collection. 10 participants
collected sweat inside a dry infrared sauna, 7 collected inside
a steam sauna, and 3 collected during and immediately
after exercise—no specific instruction was given regarding
the type or location of exercise. Participants were educated
about the research and phthalate sources and were asked
to meticulously avoid exposure to any potential sources
of phthalates (and other toxicants) around the time of
collection. Sweat was delivered by the participants directly
to ALS laboratories. Samples were transferred to 4 mL glass
vials and stored in a freezer at −20◦C, pending analysis. No
preservatives were used in the jars provided for sweat and
urine collection, nor in the serum storage vials.
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Table 3: Percentage of individuals with detection of parent
phthalates in body compartments.


Parent compound Serum (n = 19) Sweat (n = 18)


DMP (dimethyl phthalate) 0 0


DEP (diethyl phthalate) 0 0


DBP (dibutyl phthalate) 84 22∗


BBP (benzyl butyl phthalate 0 0


DCHP (dicyclohexyl phthalate) 0 0


DEHP (di 2-ethylhexyl phthalate) 10 61∗∗


DiNP (di-isononyl phthalate) 0 0


DOP (di-octyl Phthalate) 0 0
∗In 3/4 of these participants where DBP was detected in sweat, this parent
phthalate was not detectable in their serum samples.
∗∗In all 11 individuals who are positive for DEHP in sweat, none of these
had DEHP detected in their serum samples.


3.3. Laboratory Method Description. The list of compounds
tested for in this phthalate study—both parent and
metabolites—are listed in Table 2. As parent compounds are
metabolized prior to urine excretion, they were tested for
in both sweat and blood but not in urine; metabolites were
sought in all three fluid compartments—blood, urine, as well
as sweat. High performance liquid chromatography/mass
spectrometry (HPCL/MS) was used to determine phthalate
metabolite concentrations while gas chromatography/mass
spectrometry (GC/MS) was used to assess parent phthalates.


The methodology for determining parent phthalates
in serum and sweat was as follows. Samples (serum
and sweat) were weighed into glass tubes (ca 1 g) and
1 mL of acetonitrile was added in order to precipi-
tate serum and plasma proteins. The resulting mixture
was serially extracted twice with 5 mL portions of hex-
ane : dichloromethane (8 : 1, v/v) using sonication as per
Colon et al., [55]. The resulting extracts were combined
and concentrated to 200 microliters. Analysis was performed
using gas chromatography/selected ion-monitoring mass
spectrometry. Ions monitored include: dimethylphthalate
(DMP), m/z 194/163; diethylphthalate (DEP), m/z 177/222;
dibutylphthalate (DBP), m/z 223/278/205; benzylbutylph-
thalate (BBP), m/z 206/238; dicyclohexylphthalate (DCHP),
m/z 249/330; diethylhexylphthalate (DEHP), m/z 279/390;
disonylphthalate (DiNP), m/z 293/418. Prior to analysis
all extracts were diluted 1 : 4 with hexane. Quantitation
was performed using external standard calibration. Quality
control was measured by analyzing method blanks, analyzing
water fortified with the analytes of interest, as well as calf
serum samples. The recovery of the phthalates from fortified
water was 87–108% with a relative standard deviation of
1.9 to 9.0%. The relative percent difference for calf serum
was 0.7 to 12% with the exception of DMP which was 23%.
Instrument detection limits were determined to be 8 ng/g.


Serum, sweat, and urine were analyzed for phthalate
metabolites following the general procedures established
by the US Centers for Disease Control and Prevention
[80, 81]. Briefly, 1.0 g of serum, sweat, or urine was for-
tified with 10 nanograms of isotopically-labelled phthalate


Table 4: Distribution of parent phthalate concentrations in serum
(SE) and sweat (SW) (μg/g).


SE-DBP SW-DBP SE-DEHP SW-DEHP


n 19 18 18 18


Mean 35.1 ∗ ∗ 49.9


Std. Dev. 28.3 ∗ ∗ 133


Median 37.6 ∗ ∗ 15.5


Range <8–79.0 <8–58.6 <8–35.0 <8–576
∗For the 18 individuals who had their sweat tested for DBP, only 4 were
above detection limit (8 μg/L). Thus mean, SD and median are not reported
for SW-DBP. Similarly for the 18 serum samples tested for DEHP only 2 were
above the detection limit and mean, SD, and median are not reported.


Table 5: Percentage of individuals with detection of phthalate
metabolites in body compartments.


Metabolites Serum Urine Sweat


MMP (monomethyl phtalate) 0 40 0


MEP (monoethyl phthalate) 100 100 100


MiBP (mono-iso-butyl phthalate) 100 100 100


MBzP (mono-benzyl phthalate) 0 100 0


MCHP (mono-cyclohexyl phthalate) 0 35 0


MEHP (mono(2-ethylhexyl)
phthalate)


100 100 100


MEHHP (mono-(2-ethyl-5-
hydroxyhexyl)phthalate)


0 100 0


MEOHP (mono-(2-ethyl-5-oxohexyl)
phthalate)


0 100 0


MOP (mono-n-octyl phthalate) 0 0 0


MINP (monoisononyl phthalate) 0 0 0


metabolites, 20 micrograms of 4-methylumbelliferone glu-
curonide, 20-micrograms of labeled 4-methylumbelliferone,
500 microliters of ammonium acetate buffer (pH 6.5), and 10
microliters of β-glucuronidase (Escherichia coli K12, Roche
Biomedical). The samples were mixed and incubated at 37◦C
for 90 minutes to allow for the deglucuronidation of the
phthalate metabolites.


Following enzymatic hydrolysis, an aliquot (20 uL) was
removed and analyzed for 4-methylumbilliferone to deter-
mine enzymatic hydrolysis efficiency. The remainder was
removed and loaded onto a Zymark Rapid Trace Station
for automated solid phase extraction (SPE). The 60 mil-
ligram/3 mL Oasis-HLB cartridges was conditioned with
HPLC-grade methanol (2 mL) and 0.1 M formic acid (1 mL).
The samples were diluted with 5 mL of 0.1 M formic acid and
loaded onto the SPE cartridge at a rate of 0.5 mL/min. The
cartridge was washed with water (1 mL) and 10% methanol
in water (2 mL) at a flow rate of 1 mL/min. The phthalate
metabolites and bisphenol A were eluted with 1.0 mL of
acetonitrile at a flow rate of 0.5 mL/min. The eluate was
evaporated to dryness under a stream of dry nitrogen and
the residue reconstituted in 85% methanol in water (200
microliters) and transferred to glass autosampler vials prior
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Table 6: Distribution of phthalate metabolite concentrations in serum (SE), sweat (SW), and urine (UR) (μg/g).


SE-MEP SW-MEP UR-MEP SE-MiBP SW-MiBP UR-MiBP SE-MEHP SW-MEHP UR-MEHP


n 19 18 20 19 18 20 19 18 20


Mean 5.69 91.1 535 26.1 111 122 28.2 27.3 12.4


SD 8.61 172 1560 23.9 75.3 96.6 9.65 21.4 23.7


Median 3.88 29.9 107 17.8 100 74.4 27.6 12.4 35.1


Range 0.84 –39.2 3.94 –750 6.76–6978 4.0–77 46.0–378 20.7–342 17–52.6 2.68–68.6 1.11–108


Table 7: Urinary phthalate metabolite levels in the general pop-
ulation (μg/g) (national health and nutrition examination survey
(NHANES) data) [3, 9].


Above detection
limit (%)


Geometric mean
95th


percentile


MBzP 3 14.0 77.4


MEHP 22 3.1 18.5


MEOHP N/A 13.6 118


MEHHP N/A 20.4 182


MEP 0 63 1950


to analysis. Prior to analysis, labeled sodium perfluoro-1-
octanesulfinate (5 nanograms) was added as an internal
standard.


Quality control for phthalate metabolites was maintained
by analyzing a method blank (calf serum) and two spiked calf
serum samples along with every 17 samples. The calf serum
samples were spiked with phthalate metabolites at 20 ng/mL.
The detection limit (0.2 ng/mL) for phthalate metabolites
was based upon our lower calibration standard (0.5 ng/mL)
which gave an instrument signal to noise response of
3 : 1. Analyses were performed using isotope dilution liquid
chromatography/mass spectrometry. An API 4000 liquid
chromatograph/tandem mass spectrometer was employed
for the analysis of phthalate metabolites.


4. Results & Discussion


Of the 7 parent compounds tested in 19 sera and 18 sweat
samples, only DBP and DEHP were detected at all. DBP was
detected in 16/19 sera and 4/18 sweat samples. In 3/4 of the
participants where DBP was detected in sweat, this parent
phthalate was undetectable in their sera. DEHP was detected
in 2 sera and 11 sweat samples, yet out of the 11 individuals
who were positive for DEHP in sweat, none had DEHP
detected in their serum samples. The percentage detection
of the parent compounds in human serum and sweat and
their frequency distributions are given in Tables 3 and 4
respectively. No attempt was made to quantitate the parent
compounds in the urine samples. The distinctive findings
whereby the parent phthalates are detected in sweat but not
in sera may be due to the fact that these compounds have
sequestered in peripheral tissues and are mobilized during
perspiration, but this explanation remains speculative.


The phthalate metabolites MEP, MiBP, and MEHP were
detected in all samples of serum (n = 19), urine (n = 20),


and sweat (n = 18), (the n-values differ for the differing body
fluids as there were insufficient amounts of serum/sweat
for testing in three samples). The percentage detection of
the phthalate metabolites in the three body fluids and the
frequency distributions of MEP, MiBP, and MEHP in the
3 body fluids are given in Tables 5 and 6, respectively. No
phthalate metabolites other than MEP, MiBP, and MEHP
were detected in the serum and sweat samples. For the
17 participants who had matched serum, urine, and sweat
data for MEP, MiBP, and MEHP, we calculated the ratio
of their concentrations in sweat to urine (S/U ratio) and
found the following median values: MEP: 0.3, MiBP: 1.4,
and MEHP: 4.6. This is suggestive of MEHP being more
efficiently excreted in sweat, followed by MiBP, and urine
being the best pathway of elimination of MEP. The sweat
contribution to phthalate excretion may indicate release
of bioaccumulated phthalates from storage sites or may
originate from circulating phthalates.


Interestingly, 5 other phthalate metabolites were detected
in the urine samples, with MBzP, MEHHP, and MEOHP
found in all 20 samples, MMP in 8 samples, and MCHP
in 7 samples. Various phthalate metabolites including MiBP,
MCHP, and others were found exclusively in urine with
none evident in sera or sweat. It is hard to conclude much
from this other than these compounds are commonly found
in people, and that they are excreted. General population
figures for selected phthalate metabolites from the National
Health and Nutrition Examination Survey (NHANES) data
are provided in Table 7. Mean levels for urinary MEHP and
MEP are considerably higher in our study than is found in
the NHANES data. This would suggest that the exposure was
higher in our sample, or possibly that some participants in
our sample—perhaps those with illness—differed in their
ability to metabolize or excrete phthalates. The fact that a
high level of consistency of phthalate results exists between
individuals suggests that contamination of skin at the time
of collection is not likely to have been the source of detected
phthalates.


As all participants had evidence of potentially toxic
metabolite MEHP, the parent compound DEHP appears to
be a ubiquitous contaminant. DEHP and its most notable
metabolite MEHP have been associated with liver toxicity,
testicular atrophy, hormone disruption, and cardiotoxicity in
animals; these concerns have led to the banning of DEHP in
toys in some parts of the world [24]. It is thus important
that both DEHP and MEHP appear to be eliminated in
sweat according to our results. While MEHP is thought to be
responsible for much of DEHP’s toxicity, however, many of
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the known secondary metabolites have not yet been studied
for their toxicity [24].


It has previously been thought that after DEHP enters
the body, it is readily metabolized into various metabolites
that are readily excreted, including MEHP. Accordingly, it has
been surmised that without bioaccumulation, DEHP toxicity
is generally associated with repeated or chronic exposure.
It is noteworthy in this study, however, that (i) DEHP was
found in the sweat samples of a number of participants with
no evidence of this compound in their serum, and that (ii)
MEHP concentrations in sweat far exceed the concentration
in urine. This may suggest that there is some accrual of
DEHP in the tissues which is mobilized and eliminated in
perspiration. It is unknown if the MEHP sweat concentration
represents discharge of this circulating phthalate metabolite
or the release of bioaccumulated MEHP from storage sites,
such as adipose tissue.


5. Conclusion


This is the first study, to our knowledge, that examines
the release of phthalates into sweat. Some parent phthalate
compounds and metabolites appear to be readily excreted
in sweat; others do not. As all participants had evidence of
the potentially toxic metabolite MEHP, the parent compound
DEHP appears to be a ubiquitous contaminant in some pop-
ulation groups. Considering that in a number of individuals,
some phthalate compounds appeared in sweat but not in
serum suggests that bioaccumulation of selected phthalate
compounds such as DEHP and DBP may be occurring with
uncertain human toxicity. Furthermore, the toxic metabolite
MEHP appears to be well eliminated in sweat. For these
reasons, there may be advantage to inducing perspiration
through methods such as sauna use as a means (i) to
eliminate some potentially toxic phthalates and (ii) to collect
samples to possibly diagnose the presence of bioaccumulated
phthalate compounds such as DEHP.


With the recognition that various persistent pollutants
may be determinants of chronic illness, increasing attention
is being directed toward research and study of potential tech-
niques and interventions designed to facilitate removal of
persistent toxicants from the human body [82–86]. Emerging
evidence in the scientific literature suggests that various
persistent pollutants may be excreted through induced
thermal depuration techniques such as sauna therapy, use
of steam rooms, or exercise within heated quarters [87–
91]. As caloric restriction appears to mobilize toxicants
from storage sites [84, 92] and the skin may act as an
alternative storage compartment in the face of decreasing
fat stores [92], measures to facilitate loss of adipose tissue
may act synergistically to enhance toxicant mobilization
through the skin. Recognizing the potentially toxic effect of
DEHP and MEHP, regular depuration through sweating may
offer health benefits by precluding sequelae associated with
bioaccumulated phthalates and toxic metabolites.


6. Key Findings


(i) DEHP and/or its metabolite MEHP were found in all
participants, suggesting that exposure to potentially
toxic phthalate compounds is very common.


(ii) Some parent phthalate compounds and some
metabolites appeared to be readily excreted in sweat;
others did not.


(iii) In several individuals, DEHP was found in sweat
but not in serum, suggesting the possibility of some
degree of phthalate retention and bioaccumulation.


(iv) Some toxic phthalate metabolites such as MEHP were
eliminated comparatively well in sweat.


(v) Several phthalate metabolites were evident in urine
with no evidence of the parent compound in either
serum or sweat.
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Background. Bisphenol A (BPA) is an ubiquitous chemical contaminant that has recently been associated with adverse effects on
human health. There is incomplete understanding of BPA toxicokinetics, and there are no established interventions to eliminate
this compound from the human body. Using 20 study participants, this study was designed to assess the relative concentration of
BPA in three body fluids—blood, urine, and sweat—and to determine whether induced sweating may be a therapeutic intervention
with potential to facilitate elimination of this compound. Methods. Blood, urine, and sweat were collected from 20 individuals
(10 healthy participants and 10 participants with assorted health problems) and analyzed for various environmental toxicants
including BPA. Results. BPA was found to differing degrees in each of blood, urine, and sweat. In 16 of 20 participants, BPA was
identified in sweat, even in some individuals with no BPA detected in their serum or urine samples. Conclusions. Biomonitoring
of BPA through blood and/or urine testing may underestimate the total body burden of this potential toxicant. Sweat analysis
should be considered as an additional method for monitoring bioaccumulation of BPA in humans. Induced sweating appears to
be a potential method for elimination of BPA.


1. Introduction


First synthesized in 1891 and with current production esti-
mated at 4 billion kilograms each year globally [1], bisphenol
A (BPA) is a multipurpose compound that is widely used in
the modern industrial world. BPA was initially investigated
for its potentially therapeutic estrogenic properties in the
1930s; when diethylstilbestrol (DES) was found to be more
potent, however, BPA was temporarily cast aside. Its com-
mercial value was reassessed in the 1950s with the introduc-
tion of BPA as a fundamental component in the manu-
facturing of some plastics. As its primary use currently, BPA
is a key monomer in the production of the most common
form of clear and shatter-proof polycarbonate plastic, but it
has also been incorporated into a variety of everyday goods.


Questions regarding the safety and side effects of BPA
began to emerge in the late 1990s when BPA was found to
leech out of plastics and into experimental animal subjects,


resulting in an increased incidence of chromosomal anomal-
ies in offspring [2]. There has since been ongoing discussion
in both scientific and political spheres about the potential
for harm resulting from human BPA exposure and potential
bioaccumulation. An overview of the literature regarding the
effects of BPA on human health is provided, followed by a
presentation of data from 20 subjects whose blood, urine,
and sweat were tested for BPA. Results and discussion regard-
ing BPA bioaccumulation and elimination are presented for
consideration.


2. Background


Currently, BPA is most commonly found as a component in
polycarbonates (∼74% of total BPA produced) and in the
production of epoxy resins (∼20%). As well as being found
in a myriad of products including plastic food and beverage
containers (including baby and water bottles), BPA is also
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commonly found in various household appliances, electron-
ics, sports safety equipment, adhesives, cash register receipts,
medical devices, eyeglass lenses, water supply pipes, and
many other products. It is also frequently used as an adjunct
in the production of brominated flame retardants and brake
fluid [1]. Moreover, BPA derivatives, such as bisphenol A-
glycidyl methacrylate and bisphenol A-dimethacrylate, have
recently been incorporated into the dental industry and used
in dental fillings and sealants. The widespread use of this
compound is receiving increasing scrutiny as concerns about
BPA effects on human health have recently emerged.


The main mechanism by which the population is exposed
to BPA is through leaching from plastic products. This results
from either the release of unpolymerized monomers or the
slow decay of polymer bonds in polycarbonates leading to
monomer release into proximal foods and liquids. Occupa-
tional exposures are also present where plastics are burned
and manufactured, and thus BPA may be inhaled by workers
[3, 4]. An analysis of Chinese employees in factories where
BPA and epoxy resins are produced, for example, revealed
that over 90% of exposed workers have notable levels of BPA
in their serum and urine [5].


A plethora of recent studies affirms that the majority of
the population (91–99%) does indeed have detectable levels
of BPA, but the level and the toxicological relevance of cur-
rent exposure levels is a subject of intense academic and pub-
lic health debate [6–13]. An extensive review conducted in
2007 concluded that BPA levels in human blood and/or urine
are within the range shown to be dangerous in animals
and are therefore likely to be biologically active in hu-
mans [6]. (As will be discussed, however, blood and urine
testing may underestimate the full extent of exposure and
bioaccumulation.) Conversely, an industry-sponsored liter-
ature review from 2008 declared that daily human consump-
tion was far below dangerous levels and is therefore of mini-
mal concern [7].


Sources of BPA ingestion may vary. In infants and chil-
dren, baby and beverage bottles used by most individuals
in the pediatric population provide ongoing daily sources of
BPA [14–22]. Le et al. found that at room temperature, leach-
ing of BPA occurred into the contained fluid, which increased
55-fold if boiling water was added [14]. Another study found
that exposure levels increased not only with temperature, but
also with repeated use of a container [15].


Other common sources of ingestion include foods stored
in food cans, which are lined with BPA epoxy resin films to
prevent corrosion [23–28], thermal printing paper common-
ly used in cash register receipts [29–31], and BPA containing
dental composites and sealants [32–34]. Medical equipment
is also raising concerns about BPA levels as a study of new-
borns found that those who regularly spent time in a neo-
natal intensive care unit had significantly higher serum
BPA levels than the general population—thought to be
due to exposure to plastics in medical devices [35]. Like-
wise, dialysis patients appear to have higher rates of exposure,
which may be attributable to circulating solvents which expe-
dite the leaching of BPA from polycarbonate hemodialysis
equipment [36, 37].


When ingested, unconjugated BPA—the biologically ac-
tive form of BPA—has historically been thought to be rapidly
conjugated in the liver and then excreted through bile or
urine, with a half life of approximately 5.3 hours [38–40].
This rapid excretion has been the basis of reassuring safety
evaluations and declarations given by some public health
authorities worldwide. However, within many tissues, partic-
ularly the lungs, livers and kidneys in rats, and the placenta of
animals and humans, β-glucuronidase enzyme is present at
detectable concentration. This enzyme is able to deconjugate
BPA and thus release its active form again [41]. This is of
great significance, as it is plausible that, in pregnancy, the
conjugated form of BPA will circulate through the placenta,
undergo deconjugation, and cause subsequent fetal exposure
in utero. This may also result in bioaccumulation of some
portion of BPA after exposure. In fact, recent evidence sug-
gests that at low concentrations, while most plasma BPA
(about 95%) is bound to serum proteins, BPA has lipophilic
affinity with a fat: blood coefficient of 3.3 [42]. Furthermore,
BPA appears to have a disproportionate affinity to fat in com-
parison to other tissues such as kidney, muscle, and other
sites; “in fat, the accumulation of BPA was about three times
higher than in other tissues” [42]. With evidence of potential
bioaccumulation, BPA has the prospect of exerting ongoing
metabolic effects.


2.1. Potential Implications of BPA Exposure. BPA is thought
to wield its effects through endocrine disruption, epigenetic
modification, cytokine release, and oxidative stress. When
first discovered, BPA was investigated for its estrogenic
properties, as it is thought to alter the synthesis of estradiol
and testosterone and interfere with receptor binding [43, 44].
Consequently, exposure to BPA has been linked with a num-
ber of developmental and reproductive pathologies in both
animal models and human subjects. These include abnorma-
lities in reproductive organ function (irregular cycles, mul-
tiple ovarian cysts, reduction in primordial follicles [45–
49]), placental dysfunction [50], increased incidence of mis-
carriage and neonatal mortality [50, 51], precocious puberty
[52], and sexual dysfunction such as erectile dysfunction,
decreased libido, and ejaculation difficulties [53–55].
Moreover, interference with the production and signaling of
sex hormones has led to neurological impairment [56–60].
Synapse formation during development is regulated by
estrogen and androgens; however with exposure to BPA,
a recent study found that levels deemed safe by the US
Environment Protection Agency, completely abolish the
response of synapses to estrogen in the prefrontal cortex and
hippocampus [61].


Epigenetic effects of BPA have been associated with an
increased risk of cancer, particularly breast and prostate
malignancies [62–69]. The exposure of breast epithelial cells
to BPA was found to alter gene expression of 170 genes
and increase their vulnerability to other carcinogens [62,
63]. Additionally, there was silencing of lysosomal-associated
membrane protein 3, as occurs in ERα-positive breast cancer
[62]. Similar effects have been seen with respect to prostatic
disease, as exposure to BPA has been repeatedly shown to
modify methylation of implicated genes [64–66].
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Low dose BPA exposure at weaning during the perinatal
period has also been found to increase adipogenesis in female
animals [70]. As it is hypothesized that adult body weight
may be programmed during early life, these results are note-
worthy with regards to the childhood obesity pandemic and
the action of endocrine disruptors as determinants of obesity
[70]. BPA exposure appears to have widespread impact as
it has also been linked by various researchers and studies
throughout the world with a whole host of other health prob-
lems, including metabolic syndrome, obesity, non-insulin-
dependent diabetes mellitus, allergies and asthma, ADHD,
autism, cognitive decline, memory impairment, depression,
and anxiety [71–92]. With the rise of sensitivity-related ill-
ness, there is also concern that BPA may be a determinant of
this recently recognized causative mechanism of disease and
source etiology of assorted clinical conditions [93] by stimu-
lating the release of proinflammatory adipokines such as
interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-
alpha) from human adipose tissue [71].


As a result of all the emerging attention in the scientific
literature, various governments have also embarked on re-
search and policy decisions relating to BPA. In 2010, for
example, the Minister of Health for the Canadian Govern-
ment declared the results of a four-year study indicating,
“The Government of Canada is a world leader in chemicals
management. Our science indicated that Bisphenol A may be
harmful to both human health and the environment” [94].
With emerging information of concern about BPA, the Cana-
dian government became the first to prohibit the sale of BPA-
containing polycarbonate baby bottles. France, Denmark
and several American states have since implemented simi-
lar regulations.


2.2. Limitations of Toxicant Biomonitoring. It is often assum-
ed that after exposure, BPA is rapidly metabolized to a hor-
monally inactive metabolite and efficiently excreted in toto
from the body [95–97]. As a result, there has been little con-
cern about bioaccumulation. The question arises, however,
that if the compound is rapidly excreted without any accrual,
why is there increasing evidence that BPA exposure is any-
thing but innocuous and is able to cause potentially serious
problems in animal and human organisms? While some
believe that only unremitting ongoing exposure to BPA gen-
erates risk, concern has been raised that unrecognized bio-
accumulation of some fraction of BPA may occur in some
exposed individuals. How does one monitor to determine if
toxicant compounds bioaccumulate and thus remain within
the human organism?


Throughout the world, blood and urine sampling are the
general modalities used to biomonitor levels of most toxi-
cant compounds including toxic elements, synthetic com-
pounds, petrochemical compounds, biologic toxicants such
as mycotoxins, and xenobiotics sometimes produced as by-
products from processing of parent compounds [98]. There
is increasing evidence, however, that relying on blood and
urine measurements as indicators of bioaccumulation can be
very flawed [99]. Many compounds sequester in tissues and
do not remain in blood; testing of whole blood or serum may
miss toxicants which have exited the blood compartment and


are being stored primarily in tissues such as bone, muscle,
or adipose compartments. Levels of toxicant compounds can
also rapidly fluctuate with changes in immediate status such
as caloric restriction, level of hydration, underlying nutrient
status, thermal changes, or exercise [98, 100].


Reliance on blood or urine testing for assessment of the
body burden of many toxicants may thus be less than relia-
ble clinically or for public health purposes. As a result, at-
tempts to biomonitor toxicant levels by sampling other tis-
sues and bodily excretions have been explored, including hair
sampling, salivary testing, stool sampling, perspiration test-
ing, breath analysis, provocation testing, and biopsies of
adipose tissue through needle aspiration into fat pads under
the skin. It is evident, however, that there are limitations with
each of these approaches. Hair samples, for example may
only reflect what has been in the blood stream for the last few
weeks, while stool samples only assess what is being eliminat-
ed though fecal waste—these do not measure the body
burden. As detailed toxicokinetics for many xenobiotic com-
pounds are not fully understood, it is difficult to know which
proportion of parent compounds and their metabolites
accrue within various bodily compartments.


Some researchers have recently commenced doing fat
biopsies as a tool to biomonitor toxicant levels—this tech-
nique involves taking a sample of fat, usually from the ab-
dominal or gluteal area and sending the sample for analysis.
Recent evidence, however, confirms that toxicants sequester
differently even within specific compartments such as adi-
pose tissue; one adipose tissue site may display toxicant con-
centrations that are totally different than concentrations at
another site [101]. So the toxicant concentration in brain
adipose tissue, for example, may be very different than that
found in breast or abdominal wall adipose tissue.


In review, attempts to biomonitor the levels of toxicant
compounds, including BPA, in humans using a single moda-
lity such as blood or urine are inadequate at best. This is a
challenging realization as most population studies on toxi-
cant compounds reported in the scientific literature as well
as most ongoing biomonitoring research is based on blood
or urine testing.


2.3. Study Objective. BPA exposure is generally assessed by
measuring urine levels of this compound. In this research,
we endeavor to determine the relative concentrations of BPA
in blood, urine, and sweat. By assessing BPA levels in these
three compartments, the possibility of identifying retained
BPA will be explored as well as the potential for induced
perspiration as a means to eradicate this compound.


3. Methods


3.1. Participant Recruitment. 9 males and 11 females with
mean ages 44.5 ± 14.4 years and 45.6 ± 10.3 years, respec-
tively, were recruited to participate in the study after ap-
propriate ethical approval from the Health Research Ethics
Board of the University of Alberta. 10 participants were pa-
tients with various clinical conditions and 10 were otherwise
healthy adults. Participants with health issues were recruited
from the first author’s clinical practice by invitation. Each
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Table 1: Participant results for BPA in three body compartments: serum, urine, and sweat.


Participant Gender Age Clinical diagnosis Serum conc. Urine conc. Sweat conc. Sweat/urine ratio
Technique used for


sweat collection


1 M 61
Diabetes, obesity,
hypertension


0 4 82 20.5 Exercise


2 F 40 Rheumatoid arthritis 0 22 24 1.1 Steam sauna


3 M 38 Addiction disorder 0 20 22 1.1 Steam sauna


4 F 25 Bipolar disorder 0 40 22 0.6 Steam sauna


5 F 47 Lymphoma 0 10 24 2.4 Steam sauna


6 F 43 Fibromyalgia 0 32 0 n/a Steam sauna


7 F 48 Depression 0 0 16 n/a Steam sauna


8 F 40 Chronic fatigue 0 0 22 n/a Infrared sauna


9 F 68
Diabetes, fatigue,
obesity


0 0 10 n/a Steam sauna


10 M 49
Chronic pain, cognitive
decline


0 8 10 1.3 Exercise


11 M 53 Healthy 10 32 20 0.6 Exercise


12 M 23 Healthy 0 30 46 1.5 Infrared sauna


13 M 21 Healthy 30 4 10 2.5 Infrared sauna


14 F 47 Healthy 0 8 12 1.5 Infrared sauna


15 M 53 Healthy 0 4 35 8.8 Infrared sauna


16 F 43 Healthy 0 0 12 n/a Infrared sauna


17 F 51 Healthy 0 0 0 n/a Infrared sauna


18 M 46 Healthy 0 42 0 n/a Infrared sauna


19 M 57 Healthy 0 0 0 n/a Infrared sauna


20 F 50 Healthy 0 8 22 2.8 Infrared sauna


participant in the study provided informed consent and vol-
unteered to give one 200 mL random sample of blood, one
sample of first morning urine, and one 100 mL sample of
sweat. Demographic and clinical characteristics of all re-
search participants are provided in Table 1.


3.2. Samples Collection. All blood samples were collected at
one Dynalife laboratory site in Edmonton, Alberta, Canada
through vacutainer blood collection equipment (BD Vacu-
tainer, Franklin Lakes, NJ, 07417, USA) using 21 gauge stain-
less steel needles which were screwed into the “BD Vacutainer
One-Use Holder” (REF 364815). The 10 mL glass vacutainer
was directly inserted into the holder and into the back end
of the needle. This process and the use of glass were used
to preclude contamination. Blood was collected directly into
plain 10 mL glass vacutainer tubes, allowed to clot, and spun
down 30 minutes later. After serum was separated off, sam-
ples were picked up by ALS Laboratories (about 3 kilometres
from the blood collection site) for storage pending analysis.
When received at ALS, serum samples were transferred to
4-mL glass vials and stored in a freezer at −20◦C, pending
transfer to the analytical laboratory. We chose to analyze BPA
in serum rather than in whole blood, based on the fact that
matrix effect of serum is much lower than whole blood.


For urine collection, participants were instructed to col-
lect a first morning urine sample directly into a provided


500 mL glass jar container with Teflon-lined lid on the same
day that blood samples were collected. Urine samples were
delivered by the participants directly to Edmonton ALS Lab-
oratories. Samples were transferred to 4-mL glass vials and
stored in a freezer at −20◦C, pending transfer.


For sweat collection, participants were instructed to col-
lect perspiration from any site on their body directly into
the provided 500 mL glass jar container with Teflon-lined
lid—by placing the jar against their prewashed skin when ac-
tively sweating or by using a stainless steel spatula against
their skin to transfer perspiration directly into the glass jar.
(Stainless steel—made up primarily of iron, chromium, and
nickel—was chosen as it is the same material as the needles
used in standard blood collections and is reported not to off-
gas or leach at room or body temperature.) Excess of 100 mL
of sweat was provided in all but one case. Each of the glass
bottles used for sampling in this study was provided by ALS
laboratories and had undergone extensive cleaning and rins-
ing. The containers were deemed appropriate for sweat
collection with negligible risk of contamination: laboratory-
grade phosphate-free detergent wash; acid rinse; multiple
hot and cold deionized water rinses; oven-dried; capping
and packing in quality controlled conditions. Sweat was col-
lected within 1 week before or after doing the blood work.
No specifications were given as to how long sweating had
commenced before collection. 10 participants collected sweat
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Table 2: Comparison of urine BPA levels across published studies.


Urine levels of BPA (ng/mL)-comparison across studies


Study Location
Detection
method


DL
(ng/mL)


Participants Detection(%) AM/GM/Median Range


This study Canada LC-MS 0.2 20 adults 70 AM:13 Median 8 0–42


Bushnik et al. [10] Canada GC-MS 0.2 5462 (age 6–79) 90.7
GM 1.16


(1.08–1.24)
N/A


Calafat et al. [9] USA LC-MS 0.4 950 adults N/A GM 2.4 N/A


Calafat et al. [8] USA GC-MS 0.1 394 adults 95
GM 1.33 Median


1.28
0.1–5.18 (95th Centile)


Moors et al. [108] Germany GC-MS 3 15 adults 60 ND-55


Mendiola et al. [107] USA LC-MS 0.4 375 males 90 GM 1.50 <0.4–6.5 (95th Centile)


DL: detection limit; AM: arithmetic mean; GM: geometric mean; ND: non detect; N/A: not available.
LC-MS: liquid chromatography-mass spectrometry.
GC-MS: gas chromatography-mass spectrometry.


inside an infrared sauna; 7 collected inside a regular steam
sauna, and 3 collected during and immediately after exer-
cise—no specific instruction was given regarding the type or
location of exercise. Sweat was delivered by the participants
directly to ALS laboratories. Samples were transferred to
4 mL glass vials and stored in a freezer at −20◦C, pending
analysis. No preservatives were used in the jars provided for
sweat and urine collection, nor in the serum storage vials.


3.3. Analytical Methods. Human serum was analyzed for
levels of bisphenol A (BPA) at ALS Canada following the
general procedures presented by the Centres for Disease Con-
trol and Prevention [8, 102]. Briefly, samples were fortified
with 12.5 nanograms of isotopically labelled phthalate meta-
bolites, 50 nanograms of labeled bisphenol-A, 250 nano-
grams of 4-methylumbelliferone glucuronide, 300 micro-
liters of ammonium acetate buffer (pH 6.5), and 10 micro-
liters of β-glucuronidase (Escherichia coli K12, Roche Bio-
medical). The samples were mixed and incubated at 37◦C
overnight to allow for the deglucuronidation.


Following enzymatic hydrolysis, a 20 uL aliquot of the
sample is added to 70 uL of HPLC-grade water and 10 ng
of labelled 4-methylumbelliferone to determine deglucuro-
nidation efficiency (done once every 100 samples). The re-
maining sample is loaded onto a Zymark Rapid Trace Sta-
tion for automated solid phase extraction (SPE). The 60 mil-
ligram/3 mL Oasis-HLB cartridges were conditioned with
HPLC-grade methanol (2 mL) and 0.1 M formic acid (2 mL).
The samples were diluted with 5 mL of 0.1 M formic acid and
loaded onto the SPE cartridge at a rate of 1.0 mL/min. The
cartridge was washed with water (1 mL) and 10% methanol
in water (2 mL) at a flow rate of 1 mL/min. The samples
were eluted with 1.0 mL of acetonitrile at a flow rate of
0.5 mL/min. The eluate was evaporated to dryness under a
stream of dry nitrogen and the residue was resuspended in
85% methanol in water (200 microliters) and transferred to
glass autosampler vials.


Quality control of the analysis was maintained by ana-
lysing a method blank (calf serum) and two spiked calf
serum samples (20 ng/mL, all analytes) along with every 17


samples. The detection limit (0.2 ng/mL) was based upon our
lower calibration standard (0.5 ng/mL) which gave an instru-
ment signal to noise response of 3 : 1. Analysis was performed
using an API 4000 liquid chromatograph/tandem mass spec-
trometer.


4. Results and Discussion


Demographic characteristics as well as results for each indi-
vidual participant are summarized in Table 1. All concentra-
tions are in nanograms per milliliter.


The fact that some subjects showed undetectable levels
confirms that generalized contamination of these samples is
not likely. Furthermore, the levels of BPA were similar to
those recently published in studies from Italy and Greece
[103] and are comparable with the serum levels found (0.79–
7.12 ng/mL) in a recent study by Cobellis et al. in 2009 [104].
The rather low percentage detection among the serum sam-
ples in North America is hard to compare as (to our know-
ledge) there is only one study in the literature that documents
BPA levels in blood of North Americans [105]. In that study,
using the same extraction method as the methodology used
in this study, the authors reported BPA levels in the range
of <0.5 (detection limit) to 22.3 ng/mL in the blood plasma
of 40 pregnant American women in the state of Michigan.
However, the authors did not report in how many of these
40 women that BPA was detected above their current limit of
detection of 0.5 ng/mL. In general, there is major variability
in the range of concentrations of BPA detected in blood, and
this may be explained by the fact that detection methods
vary widely and the specific populations studied also vary
considerably [106].


For the urine samples, the percentage detection in the
current study (70%) is lower than that of the large scale
Canadian biomonitoring study (90.7%) also known as the
Canadian Health Measures Survey as reported by Bushnik
et al. [10]. However, the geometric mean level of urine BPA
in this study is generally higher than those in other bio-
monitoring studies in North America. Comparative levels
for urine BPA as found in the literature are presented in
Table 2. For example, Bushnik et al. reported a geometric
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A Serum+ Serum−


Urine+ 2 12


Urine− 0 6


B Serum+ Serum−


Sweat+ 2 14


Sweat− 0 4


C Urine+ Urine−


Sweat+ 12 4


Sweat− 2 2


Figure 1: 2×2 tables indicating the presence of BPA in specific body
compartments. Each cell represents number of study participants.


mean of 1.15 ng/mL urine BPA in Canada for a sample size of
5462 [10], Calafat et al. found a value of 2.4 ng/mL for urine
BPA among 950 American adults aged between 20 and 59 [9]
and more recently Mendolia et al. reported on 375 American
males with a geometric mean value of 1.50 ng/mL of urine
BPA [107]. As far as sweat data is concerned, comparison
across studies is impossible as to our knowledge this is the
first study which attempts to quantify BPA in sweat.


One obvious qualitative interpretation of the data
from the cohort of 20 study participants is that BPA is
rarely detected in blood, and this is probably why most
large scale biomonitoring studies, such as the NHANES
(National Health and Nutrition Examination Survey) and
CHMS (Canadian Health Measures Survey), use urine as
the human sample of choice to determine exposure levels
in populations. In an attempt to summarize the findings on
the distribution of BPA in the 3 different body fluids, we
give three 2 × 2 tables in Figure 1. As discussed earlier, the 2
discordant pairs urine+/serum− and sweat+/serum−, with
12 and 14 in their respective grids show clearly that serum is
not the appropriate body fluid to test if BPA biomonitoring
in humans is to be characterised. Although there seems to
be high correlation between urine and sweat in terms of
the presence/absence of BPA in these media, with 12 indi-
viduals in the urine+/sweat+ concordant pair, what is more
surprising is that there are 4 individuals for which BPA was
detected in sweat but undetectable in urine (Figure 1C).


In an attempt to compare the excretion efficiencies of
urine and sweat for BPA, we calculated the ratio of BPA
concentration in sweat versus urine for those 12 individuals
who are in the urine+/sweat+ concordant pair. As shown
in Table 1, with the exception of 2 individuals (participants
4 and 11) where urine concentration of BPA is slightly
higher than in sweat, in general the ratio is higher than 1,
suggesting that induced sweating may be an efficient method
for eliminating BPA from the body. This is not surprising in
the light of the findings of Csanády et al. whereby they found
a preferential partitioning of BPA in adipose tissue compared
to blood with a ratio of 3.3 [42]. This suggests that the BPA in


blood which is then conjugated and excreted in the urine may
only represent about one-third of the body burden of BPA. It
is not surprising therefore that induced sweating in saunas
can mobilise BPA in adipose tissue thus leading to enhanced
excretion in sweat. Given that BPA in body fat is mostly
unconjugated, further studies looking at the ratio of free BPA
to conjugated BPA in sweat will help to confirm whether
the BPA excreted in sweat comes from adipose tissue. Given
that in normal circumstances the daily volume of urine is
much higher than sweat, urine remains an important mode
of elimination of BPA from the human body.


An important consideration in response to the results is
why there are two participants with evidence of BPA in their
urine with no positive level in their sweat. Presumably, the
sweat level may be reflective of accrued toxicants in tissue,
whereas urine may reflect in part at least recent exposure
which the body is endeavoring to eliminate. It may be
that BPA begins to bioaccumulate only after a threshold of
exposure is reached or once the detoxification mechanisms
of the organism are unable to completely eliminate the
BPA load that presents after exposure. Further research is
required in order to clarify, but this result may indicate that
the two individuals have had some recent exposure, but no
significant level of stockpiled toxicant. Similarly, the marked
variation in the range of the sweat/urine ratio may once again
be reflective of different phenomenon: the sweat results may
represent transcutaneous excretion of accured BPA toxicant,
while the urine results are perhaps reflecting recent BPA
exposure in addition to some release of accrued BPA that
the body is able to eliminate through renal mechanisms. It
is also noteworthy that there was no statistically significant
difference (P-value >0.05) in sweat BPA levels depending on
the method of sweat collection whether through exercise,
infrared sauna, or regular sauna.


Although this study sheds light on the importance of
sweat as a pathway of elimination for BPA from the body,
it has some limitations. First, given the small study size (n =
20) it is not possible to extrapolate the findings to the general
population. Secondly, samples were analysed for total BPA,
instead of unconjugated BPA and conjugated BPA separately.
Thirdly, other rare forms of BPA such as chlorinated and
sulfated BPA were not analysed for.


5. Conclusion


As a result of increased scrutiny of health sequelae associated
with human BPA exposure, it is apparent that this endocrine-
disrupting compound has potentially negative consequences
for the human organism. With new evidence for the
possibility of BPA accrual within the body, interventions to
facilitate elimination of this toxic compound have clinical
relevance with regards to the prevention and treatment of
adverse outcomes associated with BPA bioaccumulation. The
results of this study suggest that: (i) Sweat testing may be
an additional tool for BPA bio-monitoring; and (ii) Induced
sweating appears to be a clinically useful tool to facilitate the
release of BPA through the skin in order to eliminate this
toxicant from the human body.
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Notable findings and implications of data from this
study


(i) BPA is excreted in sweat


(ii) Sweat BPA concentrations are consistently much
higher than urine


(iii) Only 2/20 participants had BPA in serum, while
16/20 had BPA in sweat


(iv) The data suggests that BPA likely bioaccumulates
to some degree in humans


(v) The data suggests that BPA retained in tissues
(likely adipose) excretes via sweat


(vi) The finding in some individuals that little or no
BPA is excreted in urine while considerable levels are
found in sweat suggests that current biomonitoring via
serum (as done in Europe) or urine (as done in North
America) may not provide a reliable indication of the
BPA toxicant burden


(vii) With the recognition that BPA has the potential
for hormonal dysregulation, the significance of
accrued BPA remains to be conclusively elucidated
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[32] N. Olea, R. Pulgar, P. Pérez et al., “Estrogenicity of resin-
based composites and sealants used in dentistry,” Environ-
mental Health Perspectives, vol. 104, no. 3, pp. 298–305, 1996.


[33] D. Arenholt-Bindslev, V. Breinholt, A. Preiss, and G. Schmalz,
“Time-related bisphenol-A content and estrogenic activity in
saliva samples collected in relation to placement of fissure
sealants,” Clinical Oral Investigations, vol. 3, no. 3, pp. 120–
125, 1999.


[34] J. M. Zimmerman-Downs, D. Shuman, S. C. Stull, and R. E.
Ratzlaff, “Bisphenol A blood and saliva levels prior to and
after dental sealant placement in adults,” Journal of Dental
Hygiene, vol. 84, no. 3, pp. 145–150, 2010.


[35] A. M. Calafat, J. Weuve, X. Ye et al., “Exposure to bisphenol A
and other phenols in neonatal intensive care unit premature
infants,” Environmental Health Perspectives, vol. 117, no. 4,
pp. 639–644, 2009.


[36] Y. Kanno, H. Okada, T. Kobayashi, T. Takenaka, and H.
Suzuki, “Effects of endocrine disrupting substance on estro-
gen receptor gene transcription in dialysis patients,” Ther-
apeutic Apheresis and Dialysis, vol. 11, no. 4, pp. 262–265,
2007.


[37] K. Murakami, A. Ohashi, H. Hori et al., “Accumulation of bi-
sphenol A in hemodialysis patients,” Blood Purification, vol.
25, no. 3, pp. 290–294, 2007.


[38] W. Völkel, T. Colnot, G. A. Csanády, J. G. Filser, and W.
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