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Executive Summary

The objective of this deliverable is to review and report the available models for studying the coupling
of atmospheric inputs of persistent organic pollutants and their accumulation in planktonic food webs.
Atmospheric inputs are known to be the main input of pollutants to open sea marine environments and
also be important in coastal environments. The modelling of these interactions is important because
atmospheric inputs are very dynamic and variable with time and can induce temporally high
concentrations in the water column. Therefore, the models needed for studying these interactions
should be dynamic (not at equilibrium or steady state) in order to be able to be able to predict the high
observed environmental variability, and thus able to predict episodes were potential threshold values
are obtained. Furthermore, these models should also be able to take into account the interactions
between fate and impact of pollutants and trophic status, which allows studying together the two
drivers considered within the Thresholds IP (nutrients and pollutants).

The models reviewed here are those of the three main atmospheric deposition processes; namely dry
aerosol deposition, wet deposition and diffusive exchanges. Furthermore the current knowledge of the
accumulation processes and cycling of organic pollutants in phytoplankton is reviewed. There are few
reports of the quantification and parameterization of accumulation and cycling of POPs in bacteria and
zooplankton. Here, novel results obtained for zooplankton within the threshold IP are presented which
suggest an important role of these in POP cycling. It is identified that more research is needed on the
role of bacteria in the impact of POPs in aquatic food webs.

One of the issues that previous models were not able to assess is the relative importance of atmospheric
inputs and inputs from sediments of POPs in food webs. Sediments are known to be a source of
pollutants for benthic food webs, but their influence is not clear in the pelagic zone. The 1D model
developed within Thresholds allows to elucidate the relative importance of these two sources of
pollutants for the first time. It is shown that the atmosphere is the main contributor for the most part of
the water column, except for very shallow ecosystems. Furthermore, some of the interactions between
trophic status and atmospheric inputs as provided by models are also reviewed here.

The present review will allow in the next future to couple these models with toxicity models including
the concepts of thresholds in order to identify whether points of no return and thresholds do happen in

ecosystems due to pollutants as a driver.
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1. Introduction

Atmospheric deposition is the main input of persistent organic pollutants in most marine systems,
including high sea waters, many coastal ecosystems and other aquatic ecosystems (Iwata et al., 1993;
Lakaschus et al., 2002; Jeremiason et al., 1999; Grimalt et al., 2001; Blais et al., 2001; Dachs et al.,
2002; Blais et al., 2003; Bruhn et al., 2003). Once pollutants enter the aquatic environment, they can
partition to organic matter phases, such as plankton, and in part sink to deep waters. Figure 1.1 shows
schematics of the processes driving the fate and accumulation of POPs in aquatic food webs
(Schwarzenbach et al., 2003). It has been shown that atmospheric deposition does control the
occurrence of POPs in planktonic webs in several limnic and marine ecosystems (Jeremiason et al.,
1999; Dachs et al., 1999a,b, 2000). Planktonic webs are the basis and first step for the introduction of
POPs in the food web (Mailhot et al., 1987; Swackhamer et al., 1991; Skoglund et al., 1996); therefore,
it is important to understand and be able to predict the processes driving the kinetics and the extend of
these accumulation processes and their coupling with atmospheric deposition (Morrison et al., 1997,
Dachs et al., 1999). Even though interactions between trophic status and pollutant fate and transport
processes have received some attention, the field is still far from being able to understand these

interactions in a comprehensive manner (Larsson et al., 1998; Dachs et al., 2000; Berglund et al. 2001).

Figure 1.1: Schematics of the processes driving the fate and accumulation of persistent organic
pollutants in aquatic food webs.

Atmospheric gas-‘l’?rti.cle
Transport artitioning
. /7 / /,/ Wet
Dry Air-Water / / / Deposition
Deposition Exchange /
S 4 Water-Particle
Continental Partltlomng Advection
Inputs
Vertica \ / .
Fluxes " L | Degradation
Bioaccumulation

POPs are hydrophobic chemicals, and thus have high tendency to associate to organic matter

(Karickoff et al., 1979). The planktonic food webs make up an important fraction of the water column

4



THRESHOLDS DELIVERABLE 4.2.2

organic carbon and thus, the quantification of uptake and processing in plankton is also important to
understand the fate and transport of POPs in the environment, and therefore, their impact (Skoglund et
al., 1996; Morrison et al., 1997; Mackay 2001).

This deliverable aims at reviewing the work that has been done previously on the modeling of uptake
of POPs in planktonic food webs and the coupling of these processes with atmospheric deposition. In
addition to review the work reported in the literature it also describes the original work done within the
THRESHOLDS project during the first 18 months of the project, which have been related to fill two of
the gaps that were identified. One is the parameterization of the uptake of pollutants by zooplankton.
The second is the role that vertical mixing in the water column has on levels of POPs in phytoplankton
when all inputs are atmospherically driven. This allows now to discuss for the first time the relative
importance of sediments and atmospheric inputs supporting water column concentrations. This work is
explained in terms of its contribution to our understanding of the linking between atmospheric inputs of
POPs and their accumulation in biota. The main text summarizes the models and current understanding,

while specific details of the models are given in the annexes.
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2. Available models for persistent organic pollutants

2.1. PARAMETERIZATION OF ATMOSPHERIC INPUTS

After being emitted or re-volatilised, persistent organic pollutants (POPs) partition between the gas and
aerosol phases and are subject to Long Range Atmospheric Transport (LRAT) (Bidleman et al., 1988;
Dachs and Eisenreich, 2000; Pankow 1994; Park et al., 2001; Eisenreich and Strachan, 1992).
Semivolatile organic compounds may then be removed from the atmosphere to the ocean by three main
processes: dry deposition of particulate-bound pollutants, diffusive gas exchange between the
atmospheric boundary layer and the surface ocean and scavenging by rain (either from gas and
particulate phases). Atmospheric depositional processes play a key role in the transport and fate of
POPs at regional and global scale (Blais et al,. 1998; Wania et al, 1993, 1996, 1998; Borghini et al.,
2005). Furthermore, dry/wet deposition and diffusive air-water exchange can contribute to the impact
of aquatic ecosystems and support POP accumulation in aquatic food webs (Dachs et al., 1999).
Previous reports of comparison of the different removal mechanisms show that diffusive air-water
exchange dominates over wet and dry particle deposition for POPs predominantly found in the gas
phase, except in rainy regions and close to urban areas with high concentration of atmospheric
particulate matter. Conversely, dry aerosol and wet deposition is important for chemicals that have a
strong affinity to aerosols such as polycyclic aromatic hydrocarbons (PAHs) (Totten et al., 2001;
Gigliotti et al., 2002, 2005; Jurado et al., 2005).

2.1.1. Dry aerosol deposition

In contrast to air-water exchange which is a fugacity driven process and thus it is bi-directional, dry
deposition is a one direction transport process from the atmosphere to the surface, independent of the
POP fugacity in the receiving medium (Bidleman, 1988; Slin and Slin, 1980). Experimental measures
of dry deposition fluxes (Fpp, pg m™~ d) are scarce and fluxes are often estimated by:

Fpp=v,-C, (1]
where vp is the overall aerosol dry deposition velocity (m d') and Cp is the POP aerosol-phase
concentration (pg m?) (Jurado et al., 2004). vp values are strongly dependent on aerosol size
distribution, atmospheric turbulence (as influenced by wind speed) and at low wind speed by
atmospheric stability. Pioneering studies that parameterized dry deposition velocities over natural
surface waters, such as the models of Williams (1982) and Slinn (1980), still provide useful and widely
used synopses for estimating vp values (Shalatov et al. 2003; Jurado et al. 2004). In particular, within

the Thresholds projects, dry depostition is estimated using the Williams’ parameterization (Williams
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1982), which determines vp values as a function of aerosol diameter, wind speed and atmospheric
stability. Additionally, it includes effects of spray formation under high wind speed conditions and
particle growth due to high relative humidity. Previous studies have shown that dry deposition flux
estimations from a distribution of aerosol size derived vp values are more accurate than using a single
overall vp value (Ondov et al., 1994). Therefore, assuming the aerosol size distribution is known, the

aerosol diameter range is divided into a number of intervals (i), so that the total flux is given by:
Fpp = ZVDJ ) Cp,i (2]

where C,; (pg m™) is the POP concentration in the aerosol phase of size i and vp; (m d") is the
deposition velocity for the aerosol with a diameter in the midpoint of the interval i. The detailed
procedure for estimation of vp; values is given in Annex I.
2.1.2. Diffusive air-water exchange
Net diffusive gas-exchange is driven by the concentration gradient across the air-sea interface and
depends strongly on wind speed, temperature and compound specific physical-chemical properties
influence on the mass transfer coefficient (kaw, m d'l). Absorption (Faw abs » pg-m'z's'l) and
volatilization fluxes (Faw vor, pg-m>s™) are computed respectively by:

CG
Fuw s = kaw F (3]

FAW_vol =k, Cy [4]

where Cy is the POP dissolved phase concentration (pg m™~) and H’ (dimensionless) is the temperature
and salinity corrected Henry’s law constant . The net air-water exchange flux (Faw, pg-m'z-s'l) is given
by the difference of absorption and volatilization fluxes. k4w 1s the air-water mass transfer rate (m d™h.
kaw may be estimated as the result of transfer through two layers at each side of the air-water interface:

1 _1 .1 [5]
k,w k,H" ky

where k4 and ky are the POP mass transfer coefficients (m d') in the air and water films, respectively.
kw may be calculated from the mass transfer coefficient of CO, in the water side (k,,co2, m d']), which

is a function of wind speed (U;9, m s'l) (Wannikhof and McGillis 1999; Nigthingale2000).

ky co, =0.24U,,* +0.061U [6]

-0.5
k — k ( SCPOP j
w w,Co, 600

[7]
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where Scpop is the Schmidt number of the POP and 600 accounts for the Schmidt number of CO, at
298K, respectively. Similarly, k4 may be estimated from the mass transfer coefficient of H,O in the air

side (ka,g20, m d'l) that is also dependent on the wind speed,

kypo=02U,,+0.3 (8]
D 0.61
k — k POP,a [9]
A AH,0 DH2O,a

where Dpop,, and Dp.o , are the diffusivity coefficients of the POP and H,O in air, respectively (Dachs
et al., 2002). From equations 7-9, it is obvious that wind speed has a great influence on the magnitude
of ksw. On the other hand, temperature influences the magnitude of k4w through its influence on
diffusivities, Schmidt numbers and H’. Since the wind speed exerts a nonlinear influence, it is
important to either use a high resolution wind speed time series, or average wind speed corrected by the
appropriate parameters as discussed by Livinsgton and Imboden (1993), whose parameterization was
updated by Simé and Dachs (2002).

2.1.3. Parameterization of wet deposition

The wet deposition flux (Fwp, pg m?d?) is given by the product of precipitation (pg, m d) and the
concentration of the chemical in rain (Cg, pg m™), which includes both the dissolved and particulate
phases (Jurado et al., 2005).

Fyp =Py Cp [10]
Here, po (m d™) is the precipitation depth per day, which can be measured or derived from satellite
values of monthly or weekly means. Since Cy is unknown, an empirical approach has been applied that
makes use of an overall scavenging ratio (W7, dimensionless), which is the ratio of concentrations in
rain and in the atmosphere (Ca, pg m™), the latter including gas-phase (Cg, pg m™) and aerosol phase
concentrations (Cp, pg m'3).

Wr, also termed overall washout ratio, can alternatively be estimated by (Bidleman 1988; Ligocki et al.
1985):

W, =W, (1-9)+W,(9) [11]
in which Wi and Wp are the gas and particle washout ratios respectively, and ¢ (dimensionless) is the

fraction of aerosol-bound POPs to total atmospheric POP concentration (Cp/Cp+Cg). ¢ values for

PCDD/F are determined using measured field Cs and Cp concentrations, while for PCBs it has been
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necessary to estimate it from gas-particle partitioning models (Pankow 1994; Dachs and Eisenreich
2000) by:
K (TSP
1+ K ,(TSP)
Details of the derivation of the particle-gas partition coefficient (Kp, m’ kg']) and TSP (the total
suspended particle matter, kg m™) from physico-chemical properties and remote sensing
measurements, have been described elsewhere (Jurado et al., 1995).
In terms of @, Fyp can be expressed by:
Wy -9

Fyp :(WG(1_¢)+WP(¢))'I70'CA:(WG""mj'po'CG [13]

It is important to note that the previous equation accounts for the flux for an average day, which
includes raining and non-raining periods. Additionally, it is useful to refer the wet deposition flux just
to the time when the precipitation event is occurring (raining period); then the subscript rain is added to
distinguish from the flux obtained above. Fwp i, 1s given by dividing equation 13 by the fractional

occurrence of rain (f).

W, -9\ p,
FWD rain = WG + T CG [14]
) [ (1 —¢)J f

Annex II provides a detailed discussion on the estimation on wash-out ratios.

2.2. UPTAKE AND PROCESSING OF POPs IN PLANKTONIC FOOD WEBS

Phytoplankton plays a central role in the biogeochemical cycles of POPs in aquatic environments
(Swackhamer et al., 1991; Swackhamer et al., 1993; Skoglund et al., 1996). There are several potential
pathways for the introduction of POPs into food webs such as by interaction with the sediment, direct
absorption during fish/organism respiration, etc, but since phytoplankton is the first step of the food
web, phytoplankton uptake is thought to be a key process in the transfer of pollutants from water to fish
(Morrison et al., 1997). Secondly, phytoplankton uptake of pollutants influences the transport,
occurrence and distribution of POPs in aquatic environments (Skei et al., 2000; Dachs et al., 1997a,b).
For example, vertical distribution of polychlorinated biphenyls (PCBs) and polycyclic aromatic
hydrocarbons (PAHs) follow the vertical profile of phytoplankton biomass (Dachs et al., 1997).

Furthermore, phytoplankton uptake and subsequent transfer to zooplankton drives the sinking fluxes of
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POPs in the water column (Baker et al., 1991; Dachs et al., 1999; Dachs et al., 2002). Recently, it has
been suggested that trophic status may influence the sinking fluxes, the air-water exchange and water
column concentrations of POPs due to coupling of atmospheric deposition processes such as air-water
diffusive exchange with phytoplankton uptake (Dachs et al., 2000; Skei et al., 2000; Berglund et al.,
2001). In oligotrophic environments, heterotrophic bacteria may constitute an important fraction of
organic matter in the water column (Gasol et al., 1997 ; Sobek et al. 2006). Uptake of POPs by bacteria
may play an important role in some environments (Axelman et al., 1997) and have, for example, a
potential important role for the degradation of POPs in the environment. In the present paper, we refer
as uptake to the transfer of a certain pollutant from the surrounding water to the microorganism
biomass and not to the process of active pollutant metabolization. In fact, the role of bacteria in the
cycling of POPs in the environment, specifically, the influence on the transport of POPs, has not been
assessed in detail besides some pioneering studies on transfer into food webs (Wallberg and Andersson
1999; Wallberg and Andersson 2000; Wallberg et al. 2001). Particularly, there is a lack of experimental
uptake and depuration rate constants of POPs by bacteria that complicates the environmental modeling
of processes involving bacteria. However, bacterial uptake could contribute, as phytoplankton does, to
enhancing air-water fluxes by uptake-driven depletion of dissolved POPs and to transfer of pollutants
to the food web, especially in low primary productivity areas such as open ocean regions, with an
important influence to regional and global cycling of POPs (Del Vento and Dachs, 2002). Furthermore,
bacteria may recycle particulate POPs from the particle-phase to the dissolved phase.

Since quantitative knowledge of uptake dynamics is needed in order to understand and predict the
environmental fate of POPs, several studies have focused during the last decade on the experimental
determination of uptake and depuration constants. Most of these studies focus on the exchange of PCBs
between plankton and water (Skoglund et al. 1996; Wallberg and Andersson 1999). Uptake of nonionic
persistent organic pollutants by phytoplankton and bacteriais a passive diffusive process that can be
described by a two compartment model (Dachs et al., 1999; Del Vento and Dachs 2002). First there is
fast adsorption to the phytoplankton surface followed by diffusion into the matrix in a partitioning like
mechanism. The relative importance of these two sorption mechanism as contributors to the total
bioaccumulation of POPs by microorganisms is an issue of debate (Wallber and Andersson 1999).
While for phytoplankton, absorption may dominate the total bioaccumulation potential (Skoglund et
al.; 1996), the smaller size of bacteria and their higher specific surface area suggest that bacterial
uptake may be dominated by surface adsorption (Axelman et al.; 1997). All these studies have focused

on the uptake of PCBs and little is know about the diffusive uptake of PAHs and PCDD/F, even though
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their accumulation in phytoplankton has been proved in some cases (Dachs et al., 1997). This contrasts
with the knowledge of the microbial metabolization processes of some POPs such as PAHs, which
have been extensively studied in view of remediation strategies. Conversely, Zooplankton and other
organisms, e.g. fish, can in addition to passive uptake, accumulate POPs through feeding on other
organisms. While, these mechanisms must be the dominant route for most fish species, it is still not
known whether diffusion or feeding dominates the accumulation of POPs in zooplankton.

Planktonic organisms do play a crucial role as a driver of the fate of persistent organic pollutants in
aquatic environments (Wallberg et al., 2001; Skei et al., 2000), not only because they constitute the
primary entrance of pollutants into the marine food web through processes such as accumulation or
biomagnification, but also because they are key vectors for the cycling and settling of POPs in the
water column. The potential routes of removal of POPs by planktonic organisms are i) sedimentation of
phytoplankton dead cells, zooplankton fecal pellets, and debris (Swackhamer et al. 1991; Dachs et al..
2000), and i1) metabolization by bacteria and maybe zooplankton, even though this last process has not
been documented so far. Therefore, the understanding of dynamics of accumulation of POPs in food
webs is important for understanding the fate and impact of these in the environment and food webs.

2.3. PARAMETERIZATION OF POP UPTAKE IN PHYTOPLANKTON AND BACTERIA
2.3.1. Accumulation in phytoplankton:

POP uptake in phytoplankton and bacteria is a passive diffusive process. POP accumulation in
phytoplankton and bacteria is given by the bioconcentration factors (BCFs),

C
BCF =C—” [15]

where C, is the POP concentration in phytoplankton (ng kg™) and C,, is the POP concentration in the
dissolved phase (ng L™). Several authors have shown that BCFs in phytoplankton for PCBs and PAHs
can be correlated to the octanol-water partition coefficient, and this is the most accepted methods to
predict BCF values. However, there is still some discrepancy on the reasons that lead to a lack of
correlation between BCF and K,,,, for the most hydrophobic POPs. Skoglund et al. (1996) attributed this
lack of correlation to kinetic limitations. Del Vento and Dachs also (2002) reported this observation
and attributed it to low permeability of cellular membranes to large molecules (see Annex 3). However,
other authors suggest that the BCF-K,, correlations hold through all the range of K,, values
(Machlachlan et al., 2005).
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BCEF values do give an indication of the potential of organism to bioconcentrate POPs but do not tell

anything on the kinetics of this process, which is what is needed for modelling purposes. The time-

dependent accumulation of a chemical in phytoplankton or bacteria is given by:

dC”=k -C,—k,-C -k, -C [16]
dt co Pt

where k, is the diffusive uptake rate (rn3 kg1 d‘l), k4 1s the diffusive depuration rate (d'l), and k, is the

growth rate of phytoplankton (d™). Then, at steady state the BCF is given by:

BCF = k, [17]
k, +k,

Values for k, and k,; for PCBs have been reported by Dachs et al. for Isochrysis Galbana (Dachs et al.,
1999). Estimation for other chemicals or phytoplankton species, as well bacteria, is now possible
following the work by Del Vento and Dachs (2002) that derived a set of equations for k, and k; in terms
of chemical properties and microorganisms carachteristics (see Annex 3 for details). Still, this
methodology can not be applied to other organisms such as zooplankton, since for these, in addition to
diffusive uptake and depuration; there are other processes that need to be considered.

2.3.2. Influence of microorganism size, or predicting the accumulation by bacteria

Due to the lack of measurements, and the very little knowledge on the role that bacteria play in the
cycling of POPs, it is important to be able to estimate accumulation in bacteria. From the predictive
equations for bioconcentration factors and rate constants derived in Annex 3, it is possible to quantify
the role of microorganism size on the uptake, depuration and bioaccumulation of POPs. The specific
surface area of phytoplankton or bacteria (S, m’ kg'l) assuming a spherical shape depends on the
microorganism radius (r, m).

3

S =
L )

[18]

phyto

In case of cylindrical shape, like that shown for some bacteria species, Sp would be given by an
equation analogous to equation [18] but with a term of 2 instead of 3. Knowing the dependence of Sp
on the microorganism size we can predict the dependence of uptake and depuration constants on the

microorganism radius. From Equation 18, it can be derived that:

3D 3P

k, _ Db BCF,, _ s [19]
r- ep é/Micro r§P ;Micro
3D

k, =" 3P [20]

r-e, ré,BCF,

P
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where { ;¢ and (uicro are the activity coefficient of the chemical in Isochrysis galbana and in a certain
generic microorganism of size r, respectively. Equations 19 and 20 show that uptake and depuration
kinetics is inversely proportional to the microorganism size. Therefore, the larger the microorganism,
the slower the transfer of pollutants between water and phytoplankton and bacteria. However, BCFy
are the reference values given in Tables 1-3 of Annex 3 and BCF) values for a different
microorganisms need totake into account differences in activity coefficients. Even though differences
in BCF), are feasible between species (Skoglund et al., 1996), these are due to differences in
composition of organic matter and not due to different microorganism size. Conversely, for adsorption
onto the cell membrane, the BCFs depends on the number of sites of the phytoplankton surface where
molecules can adsorb to, therefore BCF' is proportional to the specific surface area (Sp) multiplied by
the number of active surface sites per unit of area (a, sites m'z). We can take into account the
dependence on the number of active surface sites by comparing the BCFy of a microorganism of radius
r with the BCF of reference, which for this study are the BCFy reported in tables 2-4 for Isochrysis
galbana (BCF ;) with a known value for the radius (rig, 2.7 pum) (Dachs et al., 1999).

BCF, = BCF, , - 6% [21]
ra

where BCFs, r and a are the bioconcentration factor at surface, radius and number of active sites for a
certain phytoplankton or bacteria species, respectively, and BCFs g, rig and a;; are bioconcentration
factor at surface, radius and number of surface active sites for Isochrysis galbana (reference data set).
Assuming a spherical geometry, the thickness of the water film e,, equals to cell radius (Wolf-Gladrow
and Riebesell, 1997) then the dependence of adsorption and desorption rate constants are given by

Equations 22 and 23.

3-D,
kad = ziw [22]
r- pphyto
3-D 3-D -
k,, = W w '@ [23]

72 p,BCF;  p, 11 -a,-BCF
Equations 19-20 and 22-23 are for microorganism with spherical shape while those with cylindrical
shape would be described by analogous equation but with a term of 2 instead of 3. This shows that
microorganism shape has a secondary influence, less than 50%, on the uptake dynamics in comparison
with other variables such as chemical hydrophobicity or microorganism size. Indeed, the role of
microorganism size as discerned from Equations 37-42 is important in terms of uptake dynamics and as

a key factor determining the dominant mechanism for accumulation into/onto the cell. Figure 2.2 shows
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the comparison of BCF); and BCF; for a number of PCBs with different physical-chemical properties
depending on the microorganism size. Since BCF), is independent of microorganism size, while BCFs
is inversely proportional to it, the relative importance of membrane surface and cellular material
depends on the size, being surface adsorption dominant for small microorganisms (bacteria) while
absorption is dominant for most phytoplankton species. Equations 19-23 also show that uptake,
depuration, adsorption and desorption rate constants are inversely proportional to the radius or the
radius to the second potency, and thus uptake in small organisms is significantly faster than in larger
phytoplankton cells. In fact, bioconcentration by bacteria, as shown in this study, must be virtually
instantaneous and environmental models taking into account bacteria can assume equilibrium

conditions between water and bacteria.

Figure 2.2. Influence of microorganism size of bioconcentration factors for different PCB congeners
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2.4. PARAMETERIZATION OF POP UPTAKE IN ZOOPLANKTON

Even though, during the last decade, several studies have dealt with the bioconcentration of
polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) in phytoplankton
(Skoglund et al., 1996; Dachs et al., 1999; Reinfeld et al., 2003; Del Vento and Dachs 2002;
McLachlan et al., 2005). However, much less knowledge is available on processes driving POP
accumulation in zooplankton. Indeed, it is not clear whether zooplankton, and other heterotrophic
organisms, accumulate POPs from feeding on phytoplankton or passively from surrounding waters.
Recently, Sobek et al. (ETC 2006) have suggested that diffusive uptake dominates accumulation of
PCBs in zooplankton. However, it is difficult to reach to these conclusions with a simple correlation
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between a zooplankton-water partition constant vs. Log K,,. Furthermore, so far, there is a lack of
knowledge on dynamics of other POPs in zooplankton. Specially important is to determine the role of
zooplankton in PAH cycling, since PAHs are know to accumulate in phytoplankton, and be
metabolized by fish.

Once POPs accumulate into phytoplankton, their chemical fate is dominated by two processes, vertical
transport to bottom waters and sediments by dead cells, debris, etc, and transfer into the food chain by
zooplankton grazing (Swackhamer and Skoglund, 1991) and into the microbial loop through bacteria.
While the first mechanism of settling POPs via phytoplankton dead cells, etc, has been reported before
(Fowler et al., 1984; Bouloubassi et al., 2006), it still remains unclear whether these POPs introduced
in zooplankton by dietary uptake biomagnificate, or on the contrary, zooplankton eliminates them
through egestion of fecal pellets and potentially metabolization. Quantification of the transfer
efficiency of POPs to fecal pellets has not been performed so far, even though, this would be important,
since fecal pellets do transport efficiently PAHs, PCBs and other POPs down the water column (Prahl
and Carpenter 1979; Lipiatou et al.,, 1992). A correct understanding and parameterization of these
processes would be important to determine the importance of the biologically mediated vertical flux
mechanisms.

Therefore, in order to quantify (or model) the processing of POPs by zooplankton it is needed to have
measurements and prediction methods for all the uptake and depuration constants. Unfortunately, even
though it has been done for fish and phytoplankton in the past (Mackay 2001; Morrison et al., 1997),
until now, there is not a single paper reporting them for zooplankton. As part of the threshold project,
these uptake and depuration constants have been measured for PAHs uptake in zooplankton. Therefore
it is now possible to model the accumulation of PAHs in zooplankton, the transfer of these PAHs to
fecal pellets, and the role that zooplankton plays metabolizing POPs.

PAH accumulation in zooplankton is given by:

dc

T z00 :ku 'CW +kf00d 'Cw_kd 'Cp _keg 'CP _k’”e’ C

24
” [24]

P

where k, and k, are the diffusive uptake and depuration rate constants, k4 1s the uptake constant due to
dietary uptake, k., is the depuration constant due to production of fecal pellets and k., is the rate
constant for the metabolization of POPs by zooplankton. These constants are now available from work
performed within the threshold project. Briefly, they have been estimated from incubation experiments

of zooplankton in varying conditions of PAH concentrations, food availability. In these experiments,
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