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INTRODUCTION

Over the next four years, the National Water Research Institute (NWRI) is
implementing biclogical sediment guidelines ('BEAST’) to assess sediment
contamination in the 16 Canadian Area of Concern (AOCs). The BEAST method
involves the assessment of sediment based on sediment chemistry, sediment
toxicity, and benthic invertebrate community structure (sediment triad). While the
BEAST method defines the need for, or success of, sediment remediation, these
criteria may not address potential effects of sediment contaminants to higher trophic
levels through biomagnification. Particularly in those cases where long term, low
dose effects are manifested at higher trophic levels for contaminants such as
mercury and chlorinated organic compounds. Such contaminants may not be toxic
to organisms that do not live long enough to acquire body burdens that induce
effects. There is, therefore, a need to address effects from sediment contaminants
produced at higher levels in the food web resulting from transfer through dietary
sources (biomagnification).

Since the ultimate goal of a sediment management strategy is the recovery of a
sustainable ecosystem, biomagnification should be addressed in AOCs where
persistent contaminants are known to occur. Knowledge of the potential risk that
sediment-associated contaminants pose to higher trophic levels could further aid
managers in deciding whether remediation is warranted in an area, and to what
extent.

Assessment of the potential risk through biomagnification will supplement the

three lines of evidence used in the BEAST (sediment chemistry, benthic community

structure and laboratory sediment toxicity tests), that form the sediment quality triad
(Chapman 1996).




The requirement for assessing the potential risk of biomagnification from
sediment is illustrated in a 1997 study of sediment from the St. Lawrence River AOC
(Cornwall) (Reynoldson 1998). In this case, mercury levels exceeded the OMOE
‘severe effect level’ for 6 of the 12 sites sampled. However, no substantial effects
were observed in benthic invertebrates. BEAST assessment showed that the
benthic community was either unstressed or possibly stressed, and that there was
either no toxicity or possible toxicity at these sites. The conclusion drawn without
considering biomagnification is that the contaminants are unavailable (Table 1). If
biomagnification is considered, though, it is possible for body burdens that are non-
toxic to short lived invertebrates to be concentrated in organisms at higher trophic
levels resulting in a risk of harmful effects. Therefore, when considering that a
potential risk to higher organisms may be present (Table 1), a method is required for

determining the degree to which biomagnification may exist.

Table 1. BEAST assessment of Cornwall sediments (Reynoldson 1998) and
conclusions drawn using the weight of evidence approach with and without a

biomagnification columnn.

Conclusion Conclusion
Community Toxicity without Biomagnification  considering biomagnification
Chemistry Structure Response considering
biomagnification
- : - Contaminants -+ 7 “+" = Potential for risk at
unavailable higher trophic levels

“-* = Contaminanls unavailable




Determining the Biomagnification Potential of Sediment-Associated
Contaminants
Underlying Principle

The biomagnification concern relates to the consumption of benthic invertebrates
by predator species as a mechanism for transferring and increasing the
concentration of sediment-associated contaminants through the food chain to

produce effects at higher trophic levels (fish and wildlife populations, humans).

Biomagnification Criteria

Identification of risk of biomagnification from sediment-associated contaminants
will be based on whether or not those contaminants are predicted to exceed tissue
criteria established for the protection of higher organisms (see below). Whether or
not a site meets the criteria will be determined by applying appropriate food web
biomagnification factors (BMFs) to tissue concentrations measured in the resident
benthic fauna. If the predicted species at risk body burden is below the tissue
criteria after applying the appropriate BMF to the measured benthic invertebrate
tissue concentration, then it will be assumed there is no risk associated with

biomagnification for the contaminant of concern.

Using the Criteria

The biomagnification potential will depend in part on local food web siructure, the
invertebrate fauna present, and the bicavailabilty of the contaminants. The
proposed method measures contaminants in resident benthic invertebrate tissue
and applies appropriate biomagnification factors (BMFs) to predict body burdens in
the predator species of concern. The following process is proposed for determining

if there is a contaminant biomagnification concern.

Step 1. Identify the target species of concern

Determination of the species at risk requires knowledge of the food web at the

site and subsequent determination of an appropriate biomagnification factor. As an




example, for the typical food web structure for Lake Ontario (Fig. 1), a potentially
affected species would be the Lake Trout, as it is a top piscivore, is long lived, and

is consumed by humans.
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Figure 1. Food web structure for Lake Ontario (from Metcalfe and Metcalfe
1997)

Once the species at risk has or have been identified, a 'target’ value for the
predicted contaminant concentration in that species must be selected. Itis
proposed that this value should be either the Ontario’s fish consumption guidelines,
if human consumption is a concern; the Great Lakes Water Quality Agreement water
management guidelines (GLWQA); or the Canadian Council of Ministers of the
Environment (CCME) guidelines for the protection of wildlife consumers of aquatic
biota. Each of these values for various contaminants is identified in Appendix 1. If a
value does not exist for a particular contaminant, then the literature will be reviewed

to determine an appropriate value.

Step 2. Finding the Biomagnification Factor

The selection of the appropriate biomagnification factor (BMF) for the site and

species can be done in two ways. Either through a literature review of

biomagnification studies (e.g. Appendix 2), or depending on the availability of the




data, using data from various sources on contaminant tissue concentrations in
species from several trophic levels that can be collated and used to calculate a

BMF. The BMF for a specific AOC can be calculated using the following equation:

BMF= C,/C;,

Where:
C,. = Mean total contaminant concentration in top fish predator (or species at risk)

C,., = Mean total contaminant concentration in invertebrate species.

Again, using a Lake Ontario example, Metcalfe and Metcalfe (1997) presented
data for mean total PCB concentrations in Lake Trout and invertebrates
(chironomids & Diporeia)} (Table 2). From these data, a biomagnification factor for

Lake Trout in Lake Ontario can be simply derived (Table 2).

Table 2. Mean total PCBs in Lake trout and invertebrates (from Metcalfe and
Metcalfe 1997).

Species Mean Total PCBs Biomagnification
{ug/g lipid} Factor
Lake Trout 4.66 5.8

(Salvelinus namaycush)

Chironomids & Diporeia 0.80

Regent studies on radio isctope measurements and the relationship to dietary
habits of species may make it possible to determine the relative importance of

contaminant source td different organisms, and this will be further addressed.

¥
¥ l" .-

: ﬁxj -5




Step 3. Measuring the Contaminant Tissue Concentration in Resident

Benthic Invertebrates

Measuring the concentration of the contaminant in the tissues of resident
invertebrate tissue is the third step in the process. There are two major
methodological concerns with regard to measuring the resident fauna tissue
concentrations: these are whether or not to analyse taxa separately, and whether or
not to depurate sediment gut content prior to analysis. With regard to discriminating
among taxa and analysing each taxon separately, it is recommended that the whole
fauna sampled be composited and analysed together to provide a single value.
Although it is acknowledged that different invertebrate taxa, because of different
feeding and physiological strategies, may well accumulate contaminants differently,
there is no simple way to determine which taxa prey species are likely being
consumed. In fact, many predators are opportunistic and will consume what is
available. Therefore, it is likely the organisms sampled are those available to
predators and therefore compositing is acceptable. Furthermore, it is difficult to
acquire sufficient tissue of all the taxa present (and costly). It is also recommended
that invertebrates be analysed with the sediment gut content present. While it is
acknowledged that this is not a true measure of body burden, it reflects the fact that
this is a truer measure of the exposure to predator species, and therefore is more
appropriate to the issue being considered. The actual details of sample collection

and processing are outlined in Appendix 3.

Step 4, Prediction of target species tissue concentration

This is the last step in the proposed methodology and simply involves multiplying
the measured tissue concentration in the resident fauna by the biomagnification
factor derived for the species at risk at the site under consideration. This predicted
value is then compared to the available protection guideline. Continuing the
example from Metcalfe and Metcalfe (1997), the mean total PCB body burden for
benthic invertebrates in Lake Ontario of 0.8B0 pg/g, therefore:



Predicted concentration for Lake Trout 0.80 pg/g x 5.8 (see Step 2)

= 4.64 pglg
Target concentrations are:
Human consumption = 0.5-4.0 pg/g
Fish Protection = 0.1 pa/g

Both criteria are exceeded and one would conclude that there is a significant risk
regarding both human consumption and population level effects from sediment

biomagnification in this example.
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Appendix 1: Guidelines for various target species
The current fish and aquatic biota protection guidelines and fish consumption
guidelines are shown below. For the chemical of concern, the lowest guideline

value used in the above equation (step 4) would represent the worst case scenario.

Table A1.  Fish consumption and aquatic life protection guidelines (ug/g wet

weight) for mercury and persistent organic contaminants.

Human
Contaminant Consumption of Fish Protection® Wildlife Protection®
Fish'
Hg, or MeHg 045 —1.57 (Hg) 0.5 (Hg) Mammalian: 92.0 ug-kg ' (MeHg) &, Cﬂ"—%
(methylmercury) Avian: 36.0 pg-kg”’ (MeHg)
V5 ) (o
PCBs 0.5-4.0 0.1 Mammalian: 0.78 ng TEQ-kg'
Avian: 2.4 ng TEQ kg™
Mirex 0.07 - 056 absent® 5
Photomirex 0013 -0.100 absent® -
DDT -4 1.0 Mammalian: 94.0 ug kg™
(and Metabolites) Avian: 14.0 ug-kg™
Endrin - 03
Toxaphene 02-186 - Mammalian: 348 g kg™
Avian: 6.3 ng-kg™
Hexachlorobenzene - absent® -
Heptaclor -t 0.3 2
Aldrir/Dieldrin -t 0.3 8
Chlordane = - :
Lindane - 0.3 -

Dioxins and Furans 10 — 81ng-kg™ -

PAHs -4

'Ontario Ministry of the Environment fish consumption guinalinas. The range indicates the beginming restriclion levels whuva
lower level Lo total restriction levels above highar lavel.

2 GGreat Lakes Water Quality Agreement water management guidelines

3 Canadian Councils of Ministers of the Environment lissue residue guidelines for aquatic biota (birds and mammals}

*found only oceasionally in fish and at such ow levels that they would not affect consumption

$ If no specific objective has been defined, but the chemical can be demonsirated as persistent and likely toxic, then the
concentrations of such compounds in aquatic organisms should be absent (less than detection limits)



¢ currently under development for addition to the Canadian environmental quality guidelines.
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Appendix 3: Some methodological recommendations regarding invertebrate

tissue collection

« Tissue will be collected in the fall to ensure that the majority of species with a
non-aquatic life history phase will be present in the sediment.

+ Biota will be collected from the top 10 cm of sediment using a sampling device
(i.e. mini-box corer, or ponar sampler). Invertebrates will be removed from the
sediment by wet sieving (using River/Lake water) through a stainless steel sieve
(500 pm mesh). Organisms will be rinsed with River/Lake water into clean glass

trays for sorting. Clean stainless steel instruments will be used to sort the

invertebrates.
« Animalge will not be gut cleared since predators ingest a prey species with gut

contents included, with the following provisos:

o Soft-bodied Invertebrates

Invertebrates wilt be rinsed well and placed in 120 mL amber glass vials (Teflon
lids) and immediately frozen (-20°C). Since we know little about predator
preference, soft-bodied organisms will be pooled, as this would represent the food
presented to a predator species. Pooling may also be necessary to achieve the
biomass needed for certain analyses.

e Unionidae

Unionid clams will be shucked and kept separate from the rest of the biota.

Unionids will be placed in a deep sorting tray filled with River water until shells open



(shells will be submersed halfway in the water until the shell opens). Reversible
pliers will be inserted into the opening and a scalpel used to slice the around the
shell edges to open shell. The adductor muscles will be sliced and the tissue placed
in vials or whirl pak bags and frozen (care will be taken to ensure that tissue around
the hinge of the shell is included). Shells will be allowed to dry overnight and then
placed in a marked plastic bag for later identification.

o Dreissenidae and Pisidiidae

Smaller clams/mussels (i.e. fingernail clams, zebra/quagga mussels) will not
shucked on site. They will be kept separate from the shucked unionids and the rest

of the biota in amber vials or whirl paks and frozen immediately.

In addition, biota will also be collected at a minimum of two or three appropriate

reference stations to provide background tissue concentrations for comparison.
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