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Part 5 Biospheric chemistry

5.1 Bioaccumulation of Pollutants 



Concept and Importance 
of Bioaccumulation

 It is a process by which persistent envi-
ronmental pollution leads to the uptake and 
accumulation of one or more contaminants, 
including persistent endocrine disruptors, 
by organisms in an ecosystem.
 The amount of a pollutant available for 
exposure depends on its persistence and the 
potential for its bioaccumulation.
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From Part I, it is clear that in most cases any substance that can cause endocrine disruption is a potential toxic agent.  The extent of harm this endocrine disruptor can exert on an organism depends primarily on two elements.  The first is the disruptor’s potency, which includes its affinity for binding to one or more hormone receptors in the organism or its ability to damage certain parts of the organism’s endocrine system.  The other element is the exposure potential of the organism to this disruptor.As discussed in another series of online lectures (Dong, 2001), exposure potential is a function of the amount (e.g., concentration) of a toxicant available for contact and the way in which the contact is made.  The second component, that regarding the way in which the contact is made, involves the intensity, the duration, the frequency, and the route of exposure  The first component, on the other hand, is the subject matter of this second part and apparently a more critical matter insofar as passive exposure is concerned.Aside from resources and its usage, the amount of a toxicant available for contact depends on two important factors.  These are its persistence and the potential for its bioaccumulation.  Persistence is measured by the toxicant’s (in)ability to (bio)degrade, which is the main topic of Part III of this lecture and is closely related to the toxicant’s tendency to bioaccumulate.Bioaccumulation, which is related closely to biomagnification and bioconcentration (Slide 10), is the process by which environmental contamination by persistent pollutants, including endocrine disruptors, leads to the uptake and accumulation of these chemicals by organisms.



Basic Factors Affecting 
Bioaccumulation

Water, soil, air, plants, and any of their 
combinations can be an ecosystem for 
chemical bioaccumulation.
 Bioaccumulants tend to be persistent, 
stable, and lipophilic environmental 
pollutants.
 Chemicals tending to move freely within 
an organism’s body are less likely to be 
accumulated by organisms.
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As a typical example of bioaccumulation, an aquatic environment can be contaminated by certain organochlorines (DDT, PCBs, etc.) which are persistent substances.  These persistent pollutants can be accumulated subsequently inside some small aquatic creatures in the same environment.  As these contaminated creatures fall prey to carnivorous fish, birds, and larger species, the pollutant’s concentrations are progressively magnified in each of these predators.  Thus, humans too may suffer detrimental health effects as a result of this bioaccumulation.  Similarly, other ecosystems, such as soil, air, plants, and any of their combinations with or without water can provide an environment for bioaccumulation of these pollutants.Not all environmental pollutants, including those capable of causing endocrine disruption, are prone to bioaccumulation.  As expected, contaminants that are more stable in the environment are those having relatively longer half-lives (for definition see Slide 15).  These pollutants are the ones tending to pose greater threat of bioaccumulation within an ecosystem.  Posing even greater threat are those chemicals that are fairly resistant to metabolism once inside an organism.  Chemicals that are lipophilic (fat soluble or fat-loving) can be stored in fat deposits for many years inside an organism.  It is these persistent, stable, and lipophilic chemicals that are likely to be accumulated by animals and eventually by humans.In general, chemicals that tend to move freely within an organism’s body, or to be excreted rapidly from the body, are less likely to be bioaccumulated.  Thus, the accumulation would be more in an old trout than in a young yellow perch from the same lake, since the former is a relatively larger, fatter, and long-lived fish that has a lower rate of excreting a chemical.



Uptake of Bioaccumulants
 The uptake of many bioaccumulants by 
organisms is typically initiated by passive 
transport, as chemical molecules tend to 
move from high to low concentration.
 This first step is affected by the bioaccu-
mulant’s lipophilicity and water solubility.
 Some chemicals also have a high affinity 
for binding with proteins or the ability to 
dissolve in fats, thus prolonging the storage 
of these substances inside an organism.
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Bioaccumulation begins when a chemical enters into an organism from the environment where both the contaminant and the organism co-exist.  This first phase is typically referred to as the uptake of the contaminant, which is a complex process in itself.  Scientists have learned that chemicals tend to diffuse passively from a place of high concentration to one of low concentration.  The driving force for this passive transport is the natural tendency of molecules proceeding from order (e.g., highly-packed place) to chaos (e.g., loosely-packed).A number of factors may facilitate the passive transport of chemicals.  For example, certain chemicals do not mix well with water.  They are called lipophilic (meaning fat loving), or hydrophobic (meaning water hating).  In either case, they tend to move out of water and into the cells of an organism, as the latter typically offer a more lipophilic microenvironment.The same factors facilitating the uptake of a chemical continue to operate inside an organism, thus minimizing the chemical’s opportunity of returning to the outer environment.  Some chemicals are attracted to certain cellular sites, and are temporarily if not permanently stored when binding to proteins or dissolving in fats.  If uptake proceeds slowly or is discontinued, or if the protein binding is weak, the chemical can eventually be excreted.The uptake and the storage of chemicals are also influenced by their water solubility, which is a measure of their potential to dissolve in water.  In general, chemicals that are highly water soluble do not readily enter the cells of an organism.  Once inside the organism, water-soluble chemicals are easily removed unless the cells have a specific process to retain them.



Bioactivity of Pollutants

 Accumulation of an endocrine disruptor 
inside an organism will pose threat of 
interference only if the contaminant is in a 
form active for binding to hormonal sites.
 Bioaccumulants having the affinity to bind 
to plasma proteins are less biologically 
available or active for hormonal disruption.
Many environmental endocrine disruptors 
are more bioactive, compared to endogenous 
steroid hormones.
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One crucial factor related to bioaccumulation is a pollutant’s bioavailability in an organism.  If, as a pollutant, an environmental endocrine disruptor (EED) is not in a form active for binding to hormonal sites, then its accumulation inside an organism in the food chain shall not pose any threat of interference.  When an EED is weakly associated with steroid binding proteins in the blood, then after its uptake much of it may be biologically available.  This usually is not the case with the endogenous steroids which are mostly attached to binding proteins.  Note that an endocrine disruptor that is more bioavailable tends to be more potent.Once inside an organism, pollutants would travel to organs and tissues via the bloodstream.  At any given time, chemicals inside an organism are present either bound or unbound to plasma proteins in tissues and organs.  In most cases or fortunately, lipophilic chemicals including most endocrine disruptors tend to travel through the bloodstream bound to carrier proteins or plasma proteins, similar to endogenous hormones.  As many endocrine receptors are located within a cell, endogenous hormones or hormone-like exogenous chemicals must be free to pass from capillaries into cells to cause a disruption effect.  In any case, it is the unbound fraction of these chemicals that are considered biologically active or available.Proteins that bind to hormones include steroid-hormone binding globulins and non-specific proteins such as albumins.  Different endocrine toxicants will have unique or specific binding interactions with different plasma proteins.  Thus, the concentration of plasma proteins, the type of proteins, the plasma flow rate, and the binding kinetics between toxicants and their plasma proteins will all affect the amount of a toxicant in the bioactive form.



Mobility of Pollutants

 Persistent endocrine disruptors can reach 
remote regions via atmospheric, oceanic, or 
terrestrial transport.
Animal migration (biotransport) is the 
fourth mode of long-range transport of 
bioaccumulants.
 Biotransport appears to be much more 
significant than the other three modes, in 
part because the contaminant loads are 
more localized and in part because the 
contaminants are more biologically active.
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One other factor affecting bioaccumulation, which has not been discussed thus far, is a chemical’s mobility in the environment.  It was thought that persistent endocrine disruptors such as PCBs and DDT could reach remote regions of the earth typically via atmospheric, oceanic, or even terrestrial transport.  Of the three, terrestrial transport appears less likely to be the major mode responsible for such a long-range mobility since soil, plants, runoffs, and the kind are stationary and not as migratory.  Nonetheless, recently a fourth mode of transport has been identified or discussed more extensively (e.g., Ewald et al., 1998).  This is animal migration or, more technically referred to as, biotransport.In the study by Ewald et al., pacific salmon were noted to spawn in freshwater and then migrate downstream to the ocean to spend the majority of their lifecycle there.  Prior to migration back upstream for spawning, they accumulate lipids for the energy required for migration and for gonadal development.  The lipids that the salmon accumulated in their body were found to have been contaminated by lipophilic pollutants, such as PCBs and DDT.The study concluded that biotransport of environmental pollutants is far more significant than other modes of transport, for at least two reasons.  First, lakes that are within reach of salmon migration are quantitatively a larger contributor to local contaminant loads than the ocean is, since the former is a much smaller medium.  Second, contaminants delivered via biotransport tend to be more biologically active and less vulnerable to environmental degradation than those arriving via other modes of transport, since they are within lipid stores and hence protected from various oxidation processes such as UV-radiation.



Biotransport of Pollutants

 Salmon, seabirds, whales, migrating birds, 
and eels are some of the animals capable of 
transporting pollutants from one region to 
another; in some cases, even to such remote 
regions as the Arctic.
 The amounts of some persistent organic 
pollutants (POPs) transported by migratory 
animals may be in a similar order of 
magnitude as those by other modes of long-
range transports.
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Pacific salmon, such as those discussed in the last slide, are not the only species that has been identified as capable of transporting pollutants to remote areas.  Wania (1998) has used seabirds and whales to exemplify the ability of migratory animals in transporting persistent organic pollutants (POPs), many of which are endocrine disruptors, to the Arctic.  In the case with seabirds, the annual amount of POPs (particularly PCBs and DDT) transferred in and out of the Arctic was estimated to be from grams to kilograms.  For whales, the amount was estimated to be in the order of several tons.  These estimates suggest that the amounts of some POPs transported by migratory animals, especially whales, may be in a similar order of magnitude as the gross rates estimated for atmospheric and oceanic transports.In an earlier study by Comba et al. (1993), an effort was made to quantify the transport of the pesticide mirex from Lake Ontario to the St. Lawrence river system.  The authors estimated that, for the time period 1950 to 1990, 290 kg of mirex were transferred downstream with water and sediments, and another 60 kg by migrating eels, thus suggesting that biotransport was of a similar order of magnitude as the transports in abiotic media.  In still an earlier study, Lum et al. (1987) concluded that eels transferred more mirex out of Lake Ontario than what these creatures did to suspended particulate matter.According to the United Nations Environment Programme (UNEP, 1998), each year a fair number of the migrating birds die in their winter quarters in the warmer southern regions.  These birds thus are likely to leave a considerable amount of POPs in their winter quarters that their bodies have accumulated from their northern summer quarters prior to migration.



Breakdown of Pollutants
 The biological breakdown of chemicals is 
called metabolism; this ability varies among 
individual species.
 Some chemicals are highly fat-soluble but 
are easily metabolized; these chemicals do 
not accumulate in organisms.
 Thus, biological breakdown is one of the 
factors leading to one of the two specific 
consequences of chemical bioaccumulation:  
bioconcentration or biomagnification.
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Many fat-loving (lipophilic) chemicals enter into an organism through the fatty layer of cell membranes more easily than their water-soluble (hydrophilic) counterparts do.  Once inside the organism, these fat-soluble chemicals may move through numerous membranes until they are stored in fatty tissues and begin to build up there.Another factor affecting bioaccumulation is whether or not an organism can break down the chemical that has entered into its cells and tissues.  The biological breakdown of chemicals is called metabolism.  This ability varies among individual species and also depends on a chemical’s physicochemical properties.  For example, natural pyrethrins are insecticides derived from the chrysanthemum plant.  They are highly fat-soluble but are easily degraded, and hence do not accumulate in an organism.In short, when a chemical enters the cells of an organism, it is subject to distribution and then to storage, metabolism, and elimination within the organism.  Bioaccumulation thus results from a dynamic equilibrium between exposure to a chemical from the outside environment and its uptake, storage, and degradation within an organism.In technical terms, bioconcentration and biomagnification are two specific consequences of bioaccumulation.  The first refers to the process leading to an increase in concentration of a pollutant from the environment to one of the organisms in a food chain.  The second process refers to the increase in concentration of a pollutant from one link (organism) in a food chain to another.  In either process, the aforesaid factors still apply.



Metabolites of Pollutants
Metabolites of some persistent organic 
pollutants are more bioactive as endocrine 
disruptors.
 Some metabolites, such as DDE, have 
their own unique active roles as an endocrine 
disruptor that their parents do not have.
 PCBs are other examples known to have 
metabolites with hormonal activities more 
potent and, in some instances, different than 
those of their parents.
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Some persistent organic pollutants have one or more metabolites that are far more bioactive in interfering with certain functions of the endocrine system.  A good example is p,p’-DDE, which is a breakdown product of the infamous organochlorine pesticide DDT.  Although p,p’-DDE might not be any more biologically available than its parent compound, it does have its own unique active roles as an endocrine disruptor.  Unlike DDT, the DDE metabolite is known to have the ability to interfere with male sexual development, including deactivation of the male sex hormone testosterone (Kelce et al., 1995).Polychlorinated biphenyls (PCBs) are another group of persistent organochlorines known to have metabolites with hormonal activities more potent than those of their parents.  Studies supporting this assertion include the observation by Andersson et al. (1999), in which the estrogenic activities of four structurally diverse PCBs and five of their hydroxylated derivatives (OH-PCBs) were examined.  This study involved a series of in vitro assays in which the PCB compounds were tested for the ability to induce the proliferation of MCF-7 human breast cancer cells and for the ability to express the vitellogenin gene in rainbow trout hepatocytes.  In both species, OH-PCBs were shown to be more hormonally active than their parent PCBs, with one being almost as potent as the natural estrogen.In another study, Cheek et al. (1999) examined several organochlorines, including DDT and PCBs, for their binding affinity to the human thyroid hormone receptors and the thyroid hormone transport proteins.  That study showed that only the OH-PCB metabolites were bound to the thyroid hormone receptors.



Other Factors
Affecting Bioactivity

 Not all metabolites of endocrine disruptors 
are more biologically active or available; 
some metabolites are less active than their 
parent compounds.
 Some endocrine disruptors can disable the 
osmoregulatory system of a bioaccumulating 
organism (e.g., a young salmon), by inter-
fering with the estrogenic effects in this 
organism; it is this osmoregulatory system that 
makes endocrine disruptors more bioactive.
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Despite the evidence presented in the last slide, not all metabolites of endocrine disruptors are biologically more available or active.  One of the arguments offered against concerns about potential human effects of bisphenol A (BPA) is that, at least in rats and mice, upon ingestion much of the parent BPA is quickly converted to BPA-monoglucuronide, which is a variant of BPA and has been shown to be biologically inactive (Matthews et al., 2001).Furthermore, not all endocrine disruptors need to be altered biochemically in order to be biologically more available or active.  A field study (Fairchild et al., 1999) indicated that nonylphenol can interfere with the normal growth and reproductivity of salmon smolts by mimicking the role of estrogen.  The nonylphenol compound used in the study was an inert ingredient surfactant added to aid an insecticide to dissolve in water for easier spraying.  The study showed that after exposure to nonylphenol, salmon smolts could not switch their osmoregulatory system from fresh water (where they hatch) to salt water (into which they migrate in the first fall of their life).  Thus when the salmon smolts reached the ocean after migrating downstream, they died.  This switch is normally mediated by estrogen.The inability of the smolts to switch their osmoregulatory system was apparently disrupted by nonylphenol's estrogenic effects, as substantiated in a laboratory study by Madsen et al. (1997).  Here it is the salmon’s osmoregulatory system that makes nonylphenol’s estrogenic effects more distinct and bioactive.  (Note that a fish’s osmoregulatory system consists of a set of bodily structures and functions responsible for regulating the concentration of dissolved substances in its cells, despite changes of the concentrations in the surrounding medium.)



BAF, BCF, BMF
 Bioaccumulation Factor (BAF) is the ratio 
of a test chemical’s concentration in a test 
organism’s tissues to that in the surrounding 
medium, when all potential uptake mechanisms 
are included.
 Bioconcentration Factor (BCF) is a specific 
case of BAF, when the uptake is only from the 
surrounding medium.
 Biomagnification Factor (BMF) is the ratio 
of a test chemical’s concentration in the tissues 
of an organism, to that in the organism’s prey.
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At this point, it is perhaps necessary to make a distinction among the following three terms that have been referenced throughout either explicitly or implicitly:  bioconcentration factor (BCF), bioaccumulation factor (BAF), and biomagnification factor (BMF).A BCF is defined as the ratio of a test chemical’s concentration in the tissues of an organism, to the chemical’s concentration in the surrounding medium (e.g., usually water), when the chemical uptake is supposedly from this medium only.A BAF is defined as the ratio of a test chemical’s concentration in the tissues of an organism, to the chemical’s concentration in the surrounding medium (e.g., usually water), when all potential uptake mechanisms (e.g., from the organism’s prey as food) are included.A BMF is defined as the ratio of a test chemical’s concentration in the tissues of an organism, to the tissue concentration in the organism’s prey in the food chain.The above definitions (Code of Federal Regulations, 2003) assert that BCF and BAF can be used interchangeably, if the chemical uptake from all other potential routes is inconsequential when compared to that from the surrounding medium.  It is based on this assumption or speculation that BCF and BAF are almost used interchangeably in this lecture and in much of the open literature.  In any case, there are also a fair number of food-chain models available for assessing quantitatively the uptake of chemicals by fish, shellfish, and the kind, for which a more recent framework can be found in the paper by DePinto and Narayanan (1997).



Methods for Baseline BAF

 Four (4) methods are available for use to 
calculate baseline bioaccumulation factor 
(BAF) for organic chemicals, and two (2) for 
inorganic chemicals.
 These methods include the use of field 
studies, and those based on multiplication of 
a measured bioconcentration factor by a 
food-chain multiplier.
 The term baseline BAF implies that the 
factor is measured under some standardized 
conditions (for ease of comparison).

演示者
演示文稿备注
The distinction made in the last slide further suggests that it is harder to provide estimates for a bioaccumulation factor (BAF) than for a bioconcentration factor (BCF), since the former involves the chemical uptake from all potential mechanisms.  In fact, the methodology for deriving BAFs is far more complex than that for BCF.  Procedures for calculating BAFs have been provided by U.S. EPA (Code of Federal Regulations, 2003).In essence, four assessment methods are available for calculating the baseline BAFs for organic chemicals.  These are:  (1) the baseline BAFs measured from field studies; (2) the predicted baseline BAFs from using biota-sediment accumulation factors; (3) the predicted baseline BAFs each from multiplying a laboratory-measured BCF by a food-chain multiplier (FCM); and (4) the predicted baseline BAFs each from multiplying a predicted BCF by a FCM.  FCM is defined as the ratio of a BAF to an appropriate BCF.For inorganic chemicals, BAFs are derived from using either (1) field-measured BAFs or (2) by multiplying the BCFs by a FCM.  For most inorganics, the FCM is assumed to be 1.The terms baseline BAF and baseline BCF imply that the factors (ratios) are measured under certain standardized conditions for ease of comparison.  For organic chemicals, the baseline BAF and the baseline BCF are each based on the concentration of freely dissolved chemical in the surrounding medium (e.g., water) and take into account the partitioning of the chemical within the organism.  For inorganic chemicals, the baseline BAF and the baseline BCF are each based on the wet weight of the organism’s tissue (Code of Federal Regulations, 2003).



Numerical Criteria for 
Bioaccumulation Potential

 In the USA, chemicals are considered 
bioaccumulative if they have a degradation 
half-life > 30 days; or
 If they have a bioconcentration factor 
greater than 1,000; or
 If their log Kow is greater than 4.2.
 These values are lower (i.e., more health 
conservative) than those set forth by Canada 
and many other Western countries.
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Up to this point, bioaccumulation and the various related phenomena (e.g., biomagnification, bioavailability, biotransport, etc.) have been discussed only in a conceptual framework.  Yet in practice, the ability to determine bioaccumulation potential is a major endeavor of health regulatory agencies in performing risk assessments for pollutants of ecological concerns.Once a pollutant is suspected to be a potential bioaccumulant, its concentrations will be measured in ambient media (usually water) and estimated in relevant organism tissues.  The bioaccumulation potential for this pollutant is then qualified by a bioconcentration factor (BCF) value, which is usually measured as the ratio of the chemical’s residues in aquatic organisms (usually fish) to its level in ambient water (Code of Federal Regulations, 2003).In the USA, pollutants are considered bioaccumulative if they have a degradation half-life > 30 days, a BCF > 1,000, or a log Kow value > 4.2 (Corl, 2001; U.S. EPA, 1999, 2000).  These values are below those adopted by Canada (CEPA, 1999) and many other Western countries.Half-life is a measure of the time it takes for half of the material’s initial amount to be degraded.  The chemical property Kow is an octanol-water partition coefficient, which is the ratio of a chemical’s concentration in the octanol phase to its concentration in the water phase quantifying the potential for partitioning into organic matter.  Kow is inversely related to the compound’s water solubility; it represents the compound’s tendency to partition itself between an organic phase (e.g., a fish, a soil) and an aqueous phase.  Its logarithmic form (log Kow) is used in models to estimate bioaccumulation factors in fish, plants, etc.



Bioconcentration Factor (I)

Many bioconcentration factor (BCF) 
assessments are based on aquatic measure-
ments because fish provides a rich lipophilic 
microenvironment for bioaccumulation.
 BCF is typically measured as the ratio of 
the concentration of a chemical in a test 
organism to the chemical’s concentration in 
the surrounding medium.
 For many lipophilic chemicals, BCFs can 
be calculated using the regression equation: 
log BCF = - 2.3 + 0.76 x (log Kow).
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In technical terms, the bioconcentration factor (BCF) is often measured as the ratio of the concentration of a chemical in all or part of an aquatic organism in milligrams per kilogram of wet tissue weight (mg/kg), to the chemical’s concentration in ambient water in milligrams per liter of water (mg/L).  Many BCF assessments have been based on aquatic measurements because fish and shellfish provide a rich lipophilic microenvironment for bioaccumulation.  However, BCFs can also be based on non-aquatic organisms (e.g., plants, cattle, earthworm) or on an environmental medium other than water (e.g., soil, sediment).Bioaccumulation is a highly dynamic process as it is affected by many environmental factors.  In general, site-specific data on tissue concentrations in the prey would best represent the actual chemical bioavailability at the site of concern (Bechtel Jacobs Co., 1998).  Another approach is to conduct a bioaccumulation study in a laboratory setting.  However, when neither field nor laboratory data are available, it may be necessary to use either a mechanistic or an empirical model to simulate the uptake and release of contaminants (Suter et al., 2000).In general, the BCF may be calculated empirically using the following regression equation:	log BCF = A + B log Kow, where log Kow is again (Slide 15) the octanol-water partition coefficient specific to the chemical of interest, and the constants A = - 0.23 and B = 0.76 are often used unless different values for these constants are warranted (Veith et al., 1980).



Bioconcentration Factor (II)

 The bioconcentration factor (BCF) can be 
calculated from Kow, through use of the log-
log QSAR relationship.
 U.S. EPA has been using the BCFWIN 
software developed by SRC for measuring 
the BCFs for many chemicals.
 SRC’s BCFWIN program is designed to 
estimate the BCF using the test chemical’s 
Kow, based on the log-log fit generalized from 
some 694 chemicals.
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As briefly described in Slide 16, the bioconcentration factor (BCF) can be calculated from the octanol-water partition coefficient Kow through use of the log-log quantitative structure-activity relationship (QSAR).  This is necessarily the case where field and laboratory studies are not feasible.  The Kow-based QSAR approach is apparently the simplest.Many regulatory agencies have used the Kow-based QSAR model to estimate BCF, and hence to predict ecological effects and environmental fate of hundreds or thousands of chemicals.  An extensive review of such regulatory use can be found in the paper by Cronin et al. (2002).  In particular, U.S. EPA has been using the BCFWIN software developed by Syracuse Research Corporation (SRC), as well as other SRC software products, to measure the bioaccumulation factors for many chemicals submitted for marketing approval .SRC’s BCFWIN program is designed to estimate the BCF of an organic compound using the chemical’s log Kow.  The estimation methodology for this program, which was developed by SRC in conjunction with U.S. EPA, has been described by Meylan et al. (1999).  In essence, the log-transformed BCF values that were previously measured for some 694 chemicals, along with other key experimental details, were used to regress against the corresponding log Kow.  And for chemicals with significant deviations from the line of best fit, the correlation was further analyzed by chemical structure.  Otherwise, the BCF for the test compound would be predicted from its Kow by means of the log-log regression.  As the name implies, the latest version of BCFWIN now runs under (later versions of) Windows, thus making the estimation of BCF values from this program more convenient and more user-friendly.



Bioconcentration Factor (III)
 For a bioconcentration factor (BCF) to be 
estimated from a site-specific study, three (3) 
conditions should be met.
 For a BCF to be estimated from a 
laboratory study, five (5) conditions should 
be met.
 These conditions include:  sufficient 
duration for observation; a subthreshold test 
levels; and the use of test guidelines 
acceptable to the regulatory authorities.
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For a bioconcentration factor (BCF) to be calculated from a site-specific study, the field data must show that the chemical’s concentration in water remained constant over the range of the organism’s inhabitation and for a time period not less than 4 weeks.  Another condition is that the chemical’s bioavailability was not affected by its removal from the solution through competing mechanisms.  The third and final condition is that the chemical’s concentration which the test organism was exposed to must be below the lowest that would cause an adverse effect on the organism.For BCFs calculated from a laboratory test, five conditions should be met.  First, the BCF should be calculated from the chemical’s concentrations measured in a test solution.  Second, the laboratory test must be either of sufficient duration to reach steady-state or, alternatively, lasting 4 weeks or more.  Third, like for field data, the chemical’s concentration which the test organism was exposed to must be below the lowest that would cause an adverse effect on the organism.  Fourth, the BCF should be calculated on a wet tissue weight basis.  Finally, the (geometric) mean should be used if more than one BCF for the same species is available.In many Western and European countries, it is recommended that the laboratory studies be conducted using a test method similar to the one stated in the Organization for Economic Cooperation and Development (OECD, 2002) Test Guidelines 305.  In certain aspects, the OECD guidance is similar to that provided by U.S. EPA (Code of Federal Regulations, 2003).  Nonetheless, most regulatory authorities agree that field studies generally provide more appropriate or more accurate BCF estimates for a bioaccumulation factor.



Kinetics Models for 
Bioaccumulation

 PB-PK simulation is the more complex 
of the two types of kinetics models.
 This complex type allows the incorpora-
tion of more detailed inputs on biological 
mechanisms into the bioaccumulation 
process.  It requires far more input data than 
typically available.
 Kinetics models of the simple form each 
typically involve a single compartment for 
the uptake of chemicals by a test organism.
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The approach discussed thus far for assessing bioaccumulation of environmental pollutants is actually based on some statistical constructs and the basic equilibrium theory.  There is still one other assessment approach in which either a simple or a complex kinetics model can be used to relate the uptake and release of a contaminant in an ecosystem.Physiologically-based pharmacokinetic (PB-PK) simulation represent the more complex of the two forms of kinetics models.  Models of this form allow the incorporation of detailed inputs on biological mechanisms into the bioaccumulation process.  These PB-PK models follow closely the one described and used by Anderson (1991) for human exposure.  The principles and application of PB-PK modeling also have been introduced briefly in another series of online lectures (Dong, 2001).  The following are a few examples for their practical use in assessing the bioaccumulation of organic contaminants, particularly PCBs, in an ecosystem:  Lien et al. (1994); McKim (1994); and Nichols et al. (1991).Unlike the PB-PK models, bioaccumulation kinetics models of the simple form each typically involve a single compartment for the uptake by a test organism and a single compartment for the loss from an ecosystem.  Some examples for their practical use are:  Barber et al. (1991); Endicott and Cook (1994); Gobas (1993); Lee (1991); and Thomann and Connolly (1984).An extensive discussion on the use of kinetics models for bioaccumulation is provided by Landrum et al. (1992).  It is worth mentioning, however, that due to the complex biological processes involved, PB-PK models require far more input data than typically available.



Effects and Incidences
 The effects of chemical bioaccumulation 
towards endocrine disruption are real; they 
can be better appreciated with some under-
standing of a chemical’s persistence.
As a real incidence, unrestricted uses of 
PCBs were banned in the USA in the early 
1970s, after mounting evidence of its bioaccu-
mulation in the environment was reported.
Arctic explorers also experienced Vitamin 
A intoxication following meals of polar bear 
liver, where the compound is concentrated.
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The effects of chemical bioaccumulation towards endocrine disruption can be very dreadful.  Yet without some understanding of the persistence properties of the environmental endocrine disruptors, which is the main topic covered in the third and final part of this lecture, such disruption effects cannot be appreciated fully.  Until then, it is suffice to say here, though, that chemical bioaccumulation is not just a theoretical construct, it is really happening.For example, PCBs were once widely used in heat-transfer and hydraulic systems, and in products such as plasticizers, rubbers, lubricant inks, adhesives, waxes, fire retardants, paint additives, and dielectric fluids.  In the USA, unrestricted uses of PCBs were initially banned in the early 1970s, after mounting evidence of its persistence and bioaccumulation in the environment was reported (Madsen et al., 2003).The most dreadful effect of chemical bioaccumulation is the fact that some substances can be accumulated to toxic levels in organisms when otherwise they are present below these levels.  The classic case is the Vitamin A that becomes concentrated in polar bear livers.  Vitamin A is a family of fat-soluble compounds, including the steroid hormone retinoic acid.Polar bears are pure carnivores that feed on other fish-eating carnivores such as seals.  As they are at the top of the food chain, polar bears often accumulate extremely large amounts of Vitamin A in their livers, as many as 3,000 times the recommended daily allowance.  It is a well-known case to many nutritionists that in the past, some Arctic explorers had experienced Vitamin A poisoning following meals of polar bear liver (e.g., Roels and Lui, 1973).
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