
USE OF THE TEQ MODEL FOR ASSESSING AHR MEDIATED TOXICITY RISKS TO
POPULATIONS OF LAKE TROUT AND OTHER SPECIES IN LAKE ONTARIO

Philip M. Cook1 and Richard E. Peterson2

1Mid-Continent Ecology Division, NHEERL, U.S. EPA, Duluth, MN 55804, USA
2Molecular and Environmental Toxicology Center, University of Wisconsin, Madison, WI 53726, USA

Introduction

The toxicity equivalence (TEQ) model for assessing aryl hydrocarbon receptor (AHR) mediated toxicity risks

associated  with polyhalo genated ar omatic che micals structura lly similar to 2,3,7 ,8-tetrachloro dibenzo -p-dioxin

(TCDD)1 has been applied to human health risks for more than 15 years.  In 1997  the establishm ent under the  World

Health Organization of consensus toxicity equivalence factors (TEFs) for mammals, birds, and fish created a general

TEQ  methodo logy for eco logical risk asse ssments par allel to that for hum an health 2.  In a workshop organized by

U.S. EPA and U.S. DOI, international experts concluded that the TEF/TEQ methodology is appropriate for

ecological risk assessments and reduces uncertainties associated with other options which do not consider the

additive imp acts of multiple  AHR a gonists3.  In addition to endorsing use of TEFs, workshop participants supported

evaluation of relative potency data for calculation of relative potency factors (RPFs) as alternatives to the TEFs when

species and toxicity endpoint specificity are likely to improve the accuracy of a risk assessment. Finally, the lack of

rigorous analyses of associations between TEQ based toxicity predictions and expected population responses for

fish, birds, and mammals was described as an important need for validation of the method.

By the mid dle of the 20 th century, the G reat Lakes w ere highly con taminated w ith TCD D and o ther AHR  agonists

for which TEFs are now available.  Simultaneously, populations of some fish and bird species declined.  Given the

number o f biological, ch emical, and  physical stresso rs present that c ould affect p opulations , attribution of a

population change over time to a specific stressor like AHR mediated toxicity requires a high degree of accuracy for

predictions of exposure, toxicity related mortality, and consequent population response.  In the early 1990s

determina tions of great se nsitivity of lake trout ( Salvelinus nam aycush ) to TCD D-induce d early life stage m ortality4,5

led us to pursue a complete assessment of the contribution of such toxicity to effects on populations of this keystone

species in the G reat Lakes.  T he retrospe ctive analysis of the  decline of lak e trout in Lake  Ontario an d difficulties in

restoring a naturally reproducing population provides a compelling example of the importance and effectiveness of

the TEQ model6.  

Material and Methods

Exposu res of fish emb ryos to persiste nt bioaccu mulative toxic ants are best m easured a s concentra tions in the who le

embryo.  E arly life stage toxicity d ata for ten spe cies of fish expo sed as freshly fertilize d eggs to T CDD  demons trate

that fish species sensitivities vary by at least 50-fold with trout being most sensitive7.  In the case study for lake trout6

TCDD  toxicity data, based on conc entrations in the embryo, that were specific for the spe cies, end point, and most

sensitive life stage, as well as extensively replicated4,5,8-10 were used. Similarly, most of the TEFs for fish were based

on early life stage mortality in rainbow trout11,12, a closely related species, and the same TCDD dose metric used for

the lake trout early life stage mortality data.  Direct measurement of toxicity equivalence concentrations for lake trout

eggs  (TECeggs) was only possible for the period after 1978.  Correlation with data from herring gull egg contaminant

data allowed lake trout egg exposures to be estimated back to 1970. In order to examine the potential impact of AHR

mediated toxicity on Lake Ontario lake trout populations it was necessary to trace exposures back to the 1920s when

lake trout wer e abunda nt.  This was ac complishe d by meas uring conce ntrations of P CDD s, PCD Fs, and P CBs in

radionuclide dated sediment core sections and calculating TECeggs with biota sediment accumulation factors

(BSAFs) 13 measured for lake trout eggs in the period of 1987-1991.  BSAFs were adjusted slightly for conditions

prior to 1970 when concentrations in lake waters were relatively greater in comparison to concentrations in surficial

sediments due to large chemical loadings to the lake. TECeggs for different years were calculated as the sum of the

produc ts of concen tration in sedim ent from the tim e period, B SAF, and  TEF fo r each AH R agonist.  C omplete

details of the m ethods, ana lytical data, and  epidemio logical analyse s are availab le in Cook  et al.6.

Organohalogen Compounds, Volumes 60-65, Dioxin 2003 Boston, MA

Organohalogen Compounds 65, 308-311 (2003) 308



Results and Discussion

The results of the retrospective analysis of TECeggs for lake trout from the primary reference sediment core are

illustrated in Figure 1.  Note that although this plot takes the form of a sediment core analysis, the values plotted are

based o n concen trations in lake tro ut eggs so that d irect comp arisons to tox icity risks can be m ade.  The  rise and fall

of concentrations of AHR agonists in sediments and biota during the 20th century was a common pattern in many

aquatic ecosystems, but TCDD concentrations were exceptionally large in Lake Ontario. Because of this and the

great relative sensitivity of fish to TCDD, more than half of each TECegg after 1940  is attributable to T CDD .  This is

not the case for TECs calculated analogously for mammals and birds because of significant differences in TEFs and

BSAFs.  The sediment core based TECeggs for lake trout are in good agreement with TECeggs based o n herring gull

egg data and the measured TECeggs from lake trout.  Although the herring gull egg based TECeggs indicate that the

sediment core based TECeggs may be underestimating actual TECeggs when peak exposures occurred, the difference

may be attributable to slight differences in food chain effects on bioaccumulation by gulls versus trout over time. The

prediction  of toxicity impa cts on mor tality of lake trout fry from  the late 193 0s into the 19 90s is very co nsistent with

the epidemiological records and recent signs of restoration of natural reproduction 6.

 

Figure 1. Retrospectively determined lake trout TECeggs from analysis of a radionuclide dated sediment core

collected in eastern Lake Ontario.  TECeggs greater  than 30  pg TC DD eq uivalenc e/g trout  egg (w et) result in

overt mortality in laboratory studies.  Sub-lethal effects under environmenta l conditions may cause mortality

with TECeggs < 30 pg/g. 

In addition  to laborato ry studies supp orting the T EQ ad ditivity mode l for lake trout ea rly life stage morta lity 14,15, two

important validation steps in this study involved testing the plausibility of the toxicity predictions with population

response data from Lake Ontario.  Figure 2 illustrates the agreement found on the basis of the lake trout commercial

catch which d ocumen ts the historical de cline of lake tro ut to extirpation  by 1960  and the incid ence of ov ert mortality

with signs of TCDD toxicity observed in the laboratory16 in sac fry from eg gs obtained  from stocke d Lake O ntario

lake trout.  T he somew hat greater m ortality observ ed for the fera l eggs in com parison to th e overt mo rtality

prediction (min sac fry mortality) may be attributable to AHR agonists which were not included in the TECegg
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calculations.  T he predic ted max sac  fry mortality incorp orates sub-le thal toxicity effects in co mbination w ith

bioenergetic and environmental factors that may exacerbate the impact of AHR mediated toxicity under Lake

Ontario co nditions. 

Figure 2.  AHR  mediated toxicity predictions in comparison to historical lake trout population levels and lake

trout sac fry mortality data for eggs collected from stocked trout.  Maximum mortality predictions are based

on sub-lethal effects and presence of potential AHR agonists that were not include in the TECegg calculations.

While in retrospect it may seem obvious that the use of the 1997 WHO TEFs 2 based on  fish early life stage mo rtality

should increase the accuracy of lake trout mortality predictions in comparison to use of earlier TEFs which were

based exclusively on mammalian responses, it is informative to make the comparison. Figure 3 shows that the TECegg

values for lake trout, and consequently toxicity risks, would be at least 3 times greater (several dioxin-like PCB

congeners were not included) if mammalian TEFs were applied to eggs (line ME versus line FE). The population

response data suggest that this would re sult in overestimation of the actual ecological risks.  This case  study also

highlights another potential source of error in the application of TEFs that should be avoided.  Application of TEFs

directly to con centrations m easured in e ffluents, sedimen ts, soils, or other a biotic med ia commo nly results in toxicity

equivalenc e concen trations (TE Cs) that are un related to d ose metrics a ssociated w ith the toxicity data u sed in

ecological risk assessments.  As such, they do not account for changes in mixture composition and mass associated

with chemical-specific differences in bioavailability, metabolism, and biomagnification.  The impact on TEC

calculations w hen TE Fs are app lied to sedim ents, rather than  an appro priate biolo gical mediu m, is demo nstrated in

Figure 3 (lines FS and MS versus line FE).

Figure 3.  Comparison of Lake Ontario lake trout

TECeggs
6, based on application of fish TEFs to

concentrations of AHR agonists in lake trout eggs (FE),

to TEC calculations that w ould result from inaccurate

and inappropriate applications of TEFs : (1) application

of mammalian TEF s in lieu of fish-specific TEFs to

concentrations of AH R agonists in lake trout eggs (M E);

(2) application of f ish TEFs to concentrations of AHR

agonists in sediments (FS); and (3) application of

mamma lian TEF s to conc entratio ns of AH R ago nists in

sediments (MS).    
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RPFs for PAHs have been applied with RPFs or TEFs for PCDDs, PCDFs, and PCBs to calculate TECs based on

concentrations in sediments.  This has resulted in conclusions that PAHs contribute more to dioxin-like activity than

the PCDDs, PCDFs, and PCBs17.  In some cases similar conclusions are followed with caveats recognizing that

PAHs have low bioaccumulation potential in vertebrates18 and thus are unlikely to contribute to AHR mediated

effects of conc ern.  We  feel that it would b e more ap propriate  to restrict app lications of T EFs and  RPFs to

concentrations of chemica ls in tissues of organisms at risk or their diets in a manner consistent with the TC DD do se

metric assoc iated with the tox icity relationship to  which the T EC is to be  compar ed.  

Conclusions

The convergence of good research and field data, historical records, and development of the TEQ model for

ecological risk assessments has allowed the assessment of AHR mediated toxicity risks to lake trout populations over

time in Lake Ontario to provide a model case study for planning future risk assessments.  The toxicity risks to other

species in the Lake Ontario ecosystem may be assessed with these data.  For example, TCDD effects data for lake

herring embryo exposures7 and predicted TECegg values indica te that AHR  mediated  toxicity may hav e contribute d to

the observ ed pop ulation declin e for this specie s after 1960 , despite the lo wer sensitivity of her ring to TC DD. T his

case study indicates that much of the uncertainty for TEQ assessments can be minimized through selection of

paramete rs that maximiz e species, en d point, and  dose spe cificity while applyin g TEF s or RPF s in a manner  that is

consistent with the TEQ  model constructs and a ssumptions.
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