,,‘ ‘M ,.,n
- N - -

- _ ‘—
—

e

196

P68
C35
1999
Vol. 1

Cané’dian Environmental Quality Guidelines
for Polychlorinated Dibenzo-p-dioxins
and Polychlorinated Dibenzofurans

Water, Sediment, and Tissue

Volume I: Guideline Derivation

Draft Copy for Review Only

Prepared by:
Guidelines and Standards Division
Environment Canada

= February 1999




| my s e

L o -

TD
N CTA
, P63

| .‘ | o
EXECUTIVE SUMMARY 2D

1999
Vet |

Polychlorinated dlbenzo-p dioxins (PCDDs) and polychlorinated dlbenzofurans (PCDFs)

commonly known as dioxins and furans respectively, are planar tricyclic aromatic compounds.

As a group, PCDD/Fs are considered toxic, perswter?te and bloaccumulatlve Environmental

concentrations Qf PCDD/Fs are prirnarily the result of human activities. As these characteristics
meet the specifications for a Track 1 substance under the Toxic Substances Management Policy,
PCDD/F's have been slated for virtual €limination from the.Canadian environment. As mandated
by the Canadian Environmental Protection Act, the Water Quality Guidelines Task Group of the

Canadian Council of Ministers of the Environment (CCME) has developed herein Environmental

| Quality Guidelines for dioxins and furans for the protection‘/g)quatie and terrestrial wildlife. This

report summarizes physical and chemical properties; sources and pathways; fate and persistence;

environmental distribution and levels; and, toxicity to aquatic and terrestrial wildlife for the 17

PCDD/F congeners that have ehlorine atoms attached at positions 2,3,7, and 8. Subsequently,

ambient water quality guidelines (WQGs) and sediment quality guidelines (SQGs) for the
protection of freshwater and marine/estuarine aquatie biota, and tissue residue guidelines (TRGs)
for the protection of wildlife consumers of freshwa(ter and marine/estuarine aquatic biota are
derived using toxic equivalents (TEQs) according to formal, nationally approved protocols.

These Environmental Quality Guidelines will form the scientific basis for ambient Canada Wide
Standards forb di('):xins and furans developed under the Canada-Wide Environmental Standards

Sub-Agreement of the Canada-Wide Accord on Environmental Harmonization.

PCDD/Fs are omnipresent in the air, soil, r1verbeds and biota, although they have never been
1ntent10nally produced nor have any known use. They are involuntary impurities formed as a
result of anthropogenic - activities, 1nclu‘dlng' chemical manufactur_mg, waste incineration,
petroleum refining, Woodrbuming, metallurgical processes, fuel combustion (automobiles),

residential oil combustion, electric power generation, cement kilns, and biological incineration. -
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Natural sources include forest fires, volcanic acti'vity, and other forms of natural combustion.

One of the most significant sources of PCDD/Fs t_d thg environment are municipal waste

-incinerators.

Owing to their hydrophobic nature, the majority of PCDD/Fs released into aquatic systems

ultimately become associated with the organic fraction of suspended and/or bed sediments and
~ lipid-rich tissues of aquatic organisms. PCDD/Fs which accumulate in sediments are chemically

 stable and therefore may persist for long periods of time. Thus, bed sediments may represent

long term sources of PCDD/Fs to the équatic food web as bioaccumulation from the organic
fraction of the sediments is an important path of uptaké of PCDD/Fs for some aquatic organisms
(e.g., carp, Cyprinus carpio). Aquatic organisms may uptake PCDD/Fs from water, sediment, or
thfough the consumption of contaminated prey items. All 2,3,7,8-substituted PCDD/Fs readily
accumulate in the tissues of aquatic organisms, though higher chlorinated PCDD/Fs generally

accumulate to a lesser degree than ‘lower chlorinated congeners. Lipid-normalized

bioconcentration factors (BCFsy,;4) recorded for T,CDD were the highest of all congeners, with a
geometric mean of 175 245. The geometric mean biota-sediment accumulation factors (BSAFs)‘

for T,CDD are 0.3 and 0.14 for freshwater and magihe/estuarine systems, respectively.

Accumulation from food may be the primary source of ‘PCDD/Fs for some species (e.g., lake

trout, Salveinus namaycush) but not for cherS'(e.g., carp and guppies, Poecilia reticulata). -

‘Moreover, PCDD/Fs seem unusual in that they do not appear to biomagnify like other

halogenated aromatics with comparabléAhydrophobicities. The greatest biomagnification factors

' (BMF s) reported were 32 and 76 for herring gulls (Larus argentatus) and mink (Musteia vison),

_ respectively. More research on accumulation rates and processes is needed to obtain a clearer

understanding of PCDD/F movement throughb the food chain.

PCDD/Fs are thought to elicit most, if not all, of their toxicity via the aryl hydrocarbon (4h)

receptor, a protein conserved across mammals, birds, and fish. A multitude of toxic and biologic -

responses to PCDD/F exposure have been ‘described in the scientific literature and include:
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mortahty (often delayed) decreased ‘body- werght gam decreased feed consumptron .thymic

; 'atrophy, histopathologic effects 1mmunotox1c1ty, developmental’ and reproductlve ‘effects,
endocrine system which could ‘have'serious repercussions o sexual development. uClearly,-it is -
- unlikely that the complete 'speCtrum of effects would be observed in any single species but the
data indicate that PCDD/Fs and re‘lated compounds elicit the same qualitative pattern of |

responses within each specres For the purposes of developlng Canadian Envrronmental Quallty

revrewed and evaluated

In order to compare toxicities of environmental samples or experimental test doses that have

different congener profiles, toxic equivalency factors (TEFs) have been developed Ah receptor

compounds aré assrgned TEFs based ‘on their ability to induce a response in the cytochrome

g1ve a value expressed in toxrc equ1valency unit§ (TEQs).- ThlS method takes 1nto con51derat10n

the umque concentrat1ons and toxicities of the individual components w1th1n a chemlcal mixture

but nevertheless is unable to account for non- add1t1ve interactions among drfferent chemlcals that :

—

- brochemrcal effects,\ ‘neurotoxrclty, and carc1nogene51s. PCDD/F s are also known to disrupt the

- Guidelines, toxic responses of aquat1c blota (plants, 1nvertebrates amph1b1ans and- ﬁsh) and '

' w1ldl1fe (mammals and birds) to PCDD/Fs exposure through water, sed1ment and/or diet were

-enzyme system relatrve to the most potent 1nducer T, CDD. W1th1n a sample individual -

" chemical concentrat1ons are multiplied by their respectrve TEFs and all products are summed to

are known to occur. The most recent TEF - values for mammahan avian, and fish species -

document

‘0 038 ng TEQ L for growth (after 28 days exposure) and for mortallty (for 28 days exposure
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developed by the World Health Orgamzatlon (van den Berg et al. 1999) were applred in this -:

'The Canadlan WQGs were developed in accordance w1th the formal protocol (CCME 1991a). A '
»»WQG of 0.038. pg TEQ L for total PCDD/F s is recommended for the protection of freshwater
‘life. *"This value was calculated by applymg an uncertainty factor of 0.001 to 'a LOEL of .

~ and 28 days_)depurauon)‘ in juvenile rainbow trout,,Oncorhynchus mykiss (Mehrle et al..l}988). - |



. Sufﬁc1ent supportlng information i is ava1lable 10 endorse a full WQG for freshwater As no data

. were located on the toxicity of PCDD/Fs to marme or estuarine orgamsms the WQG for )

freshwater of 0. 038 pg TEQL for total PCDD/Fs is adopted as the interim “WQG for the -

: protectron of marine and estuarrne life.

: At present full Canadlan SQGs for PCDD/F s can not be recommended accordmg to the formal

o protocol (CCME 1995)." Sufficient toxicological data for freshwater sediments exist, however to

denve a threshold effect level (TEL) of 10 ng TEQ-kg» dw and a probable effect level (PEL) of

189 ng: TEQ kg dw using the modified National Status and Trends Program (NSTP) approach

_An evaluatlon of the incidence of effects observed below the' freshwater TEL and above the

freshwater PEL indicates that the narratrve objectlves for these values have been met accordmg '

.to the. formal protocol Accordmg to formal protocol, the TEL is recommended as the 1nter1m
freshwater SQG and the PEL as an addltlonal assessment tool. ‘A detailed assessment, however

' .‘of the gu1dehne der1vat1on tables 1nd1cates that the data used to calculate the TEL and PEL may

not adequately represent a diverse body of evrdence regardrng effects of sed1ment associated

PCDD/Fs. To- address th1s issue, two equ111br1um approaches were 1nformally evaluated.

B Sed1ment quahty assessment values (SQAVs) developed using ., the water-sed1ment equ1lrbr1um .

‘ part1t1omng (EqPA) approach and the tissue residue- based equlhbnum partitioning (TRB- EqPA)

- approach were at least an order of magnitude less than the TEL, indicating that the TEL may. not

A adequately protect aquatlc orgamsms Therefore, an uncertalnty factor of 0.1 was applled to.the

- TEL; th1s adjusted TEL of 1 ngkg! dw i is recommended as the interim freshwater SQG, and is
‘ belleved to be a better estlmate of the concentrat1ons of sedlment assocrated PCDD/Fs that will

" not harm aquatrc orgamsms assoc1ated w1th bed sed1ments over an 1ndeﬁn1te perlod of exposure

. 'The PEL was s1m11arly adjusted to 18.9 ng'kg™ .dw and- is recommended as an. add1t10nal
;«assessment tool Both the 1nter1m SQG and the adjusted PEL apply to surﬁ01al sedlments (1 e.,
topOtoScm) ' '

" Because there was insufficient data available to support the derivation of a marine SQG, the
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‘ mternn freshwater SQG value of 1 ng TEQ kg" dw and the adJusted PEL of 18.9 ng: kg dw are
: prov151onally recommended as the interim marme SQG and the adjusted marine PEL for surﬁcxal ‘

. sedlments (1 e., top 0 to 5 cm) respectlvely

1

V For -the derivation of the Canadxan TRG the lowest tolerable dally mtake (TDI) levels for -
. PCDD/FS were d1v1ded by the hlghest food 1ntake rate to body weight ratios (FI:BW) for both '

mammalian and avian- species to derive reference concentratlons (RCs). The lowest RC among

avallable mammahan and avian spemes is that for female ‘mink (Mustela vison), 0.71 ng .

. .TEQ kg d1et thls value is adopted as the TRG for PCDD/Fs. The guldelme refers to the TEQV

concentratlon due to PCDD/F s measured in an aquatlc orgamsm ona wet welght basis that is not

'expected to result in adverse effects on w1ldl1fe Thls guldellne is considered interim as avian
“tox101ty data was only sufficient to satisfy minimum requlrements for an interim guldelme ,
Because no d1etary tox101ty data were located for amphlblan and reptlllan spec1es this interim

- .guideline apphes only to mammahan and avian w1ld11fe

Sutnmary of Canadian Environmental Quality Guidelines for Dioxins and Furans " -

e

Media B o Guideline*

Aquatic Life B , . _ .
. freshwater. . 0.038pg TEQL' (full)
 marine .~ . .. 0038 pg TEQL" (interim)

_‘ Sediment'Qdality

ﬁeshwdter B ng TEQkg" dw (interim) 4
marine o L " 1 ng TEQkg" dw (pfovistdnal ihterim) )
_ TissueResidue -~ . 0.71ng TEQkg" diet, ww (interim) -

: *values are expressed as toxic equivalency (TEQ) units, ‘based. on TEF values from the World Health
Orgamzatlon (van den Berg et al 1998) - : : :

PN
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© GLOSSARY

absorption (1) The taking up of chemical substances by orga_nisrhs through ir_igestien, d.ern'lal-
contact, or gaseous exchanges. (2) The process by which one material takes up and retains
another through the penetration of the ahsorbed molecules into the. mass of the absorbing-
materlal | | o

acute (1) Havmg a sudden onset, lasting a short time. (2) Of a stimulus, severe enough to 1nduce
a response rapidly. Can be used to define either the exposure or the response to an exposure
* (effect). (3) A brief exposure to a stressor or the effects associated with such an exposure. It can
refer to an instantaneous exposure (i.e., oral gavage) or continuous e_ieposures, from minutes to

a-few days depending on the life span of the organism.

acute toxicity A toxic effect(‘se‘vere biological harm or death) produced in an organism by a

- substance or mixture of substances within a short exposure period (usually 96 hours or less). - -

additive toxicity The toxicity of a.mixture of chemicals that is approximately equivalent to that

. expected from a simplesum‘rhatien of the known toxicities of the individual chernicals ‘present' -
in the mixture (i.e., an algebraic summation of effects). A

adsqrptiou The pro,cessby which one material takes up and retains another through the bonding

~ of the adsorbed molecules onto the surface of the adsorbing material. o

amblent The conditions i in the surroundmg envrronment _

ambient concentratlon Representatlve level of a contaminant in an area. May reflect natural ,
geologlc Varlatlons or the influence of generallzed 1ndustr1al or urban act1v1ty in a reglon
‘presumably unaffected by point sources of contammant release B

antagonism A phenomenon in Wthl'l the toxrcrty of a mixture of chemlcals is less than that

which would be expected from a simple summation of the tox1c1t1es of the individual chem1cals- o

_present in the mrxture (1 e an algebralc subtraction of effects) . .
anthropogemc Refers to the activities of hurhans or the alterations resultmg from them

assrmlla.tlon (1) In cells, the 1rrcorporat10n of absorbed substances (e.g., foodstuff) for growth

"+ February 9, 1999 iy ' : ' 16 V o ’ Draft copy for review purposes only

Guidelines and Standards D1v15|on Envnronment Canada oo ' o Do not cite or circulate



R and reproductlon (2) The capacrty of a mass of air or body of water to’ dilute the release of
pollutants _
benchmark concentration Specific concentrations at which some level of effects is expected
(e.g.; LC,5 and maXimurn acceptable toxicant concentration). These cohcentrations are derived

from hazard assessment

+ .benthic Refers to the substrate at the bottom of aquatlc habitats (e. g ‘lakes, oceans and r1vers) :

Also. descrrbes the life strategy of orgamsms living in or on that substrate (e.g., clams and

oligochaete worms)

‘bioaccumulation The process by which chemrcal ‘substances are accumulated by orgamsms

from exposure to water sed1ments or soil drrectly or through consumption of food contarmng

the chemlcals A ' | _ |
bloaccumulatlon factor (BAF) The ratio ‘of the concentrat1on of a given compound in the

tissues of an orgamsm and its. concentratlon e1ther in the media in which the orgamsm lrves or

“in the tissues of biota on which the organism feeds.

- bioassay Test used to evaluate the relative potency of ¢ a chemical by comparmg its effect on living

“-organisms or parts thereof (e.g., cell culture) with the effect of a control

bioavailable The fraction of the total chemical i in the surrounding envrronment that can be taken

up by organisms. The chemical may be d1ssolved or revers1bly bound to partrcles in water, air,

o sedrment or so1l or contained in food 1tems

bloconcentratlon The process by which contamlnants are dlrectly taken up by orgamsms from a

- the med1um in which they live.

_bloconcentratlon factor (BCF) The ratro of the concentratron of a glven compound in the .A
trssues of an orgamsm and its concentratlon in the media i in which the organism lrves (e. g, o

water) The ratlo reﬂects the apparent equlhbnum stage of the uptake phase durrng a .

b10concentrat1on test

) blodegradatlon The acrobic or anaerobic breakdown of orgamc substances 1nclud1ng orgamc. "

contamrnants by biota such as mrcrobes and fungi.

‘biological monitoring The direct ‘measurement of changes in the biological ‘co:rnponent_ of a
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habit‘ay, based on physiological, behavioural, reproductive, or other responses' In organisms,

relative to environmental changes in time or space. Other common responses measured include

-contaminant levels in tissue and changes in the taxonomic composition of assemblages.
biomagnification The increase in tissue concentrations of accumulated chemicals from one

trophic level to the next (i.e., organisms contain higher concentrations of the substance than

their food sources). - » |
biomagnification factor (BMF) A ratio of BAFs and reflect the extent to which BAFs increase‘
- with trophic level. A

biota Biological organisms (e.g., plants, microbes, fish, and wildlife).

~ bioturbation The physical disturbance of sediments by burrowing and other activities of

organisms.

~ carcinogen A substance that can potentially induce cancer in a living organism.

chlorination (Vl) The process of introducing onevo'r more chlorine atoms into a compound. (2)
The application of chlorine to water, sewage, or industrial wastes for disinfek:fion or for other'

‘ biological or chemical results. |

chronic Involving a stimulus that is lingering or continuous over a long period of tir;le; often
signifies periods varying from sevéral weeks to years, depending on the reproductive life cycle }
of the species. Can be used to define either the éxposure or the response to an exposure (effect).
Chronic exposure typically induces a biological response of relatively slow progress and long
continuance.

chronic toxicity A toxic effect produced in an organism by a substance or mixture of substances
-over a long expdsure period. o

clay Soil and sediment particles of equivalent diameter <0.002 mm usually conSisting of clay
minerals but commonly including 'amdrphous free iron oxides and primary minerals.

clay mineral Finely crystalline hydrous aluminum silicates and hydrous magnesium silicates

" with a phyllosilicate structure. - . |

community An assemblage of organisms characterized by a distinctive combination of species

occupying a common environment and interacting with one another. -
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congener A compound belonging to a family of compounds having similar cherhical-skeletons

* but differing in the number and position of hydrogen suhstitutes (e.g., PCDDs and PCDFs).

contaminant Any chemical substance whose concentration exceeds background concentrations
or that does hot naturally occur in the environment

control A treatment in a toxicity test or in a field study that duplicates all the conditions of the

exposure treatments or test sites except that the control contains no test substance. This

determines the absence of toxicity under the basic-test conditions. It is often called negative

control treatment to differentiate it from positive control treatments. In a positive control
treatment, a chemical known to elicit the desired response is added to the exposure medium of
this treatment to demonstrate the Validity of the measured endpoint lunder the tested conditions
and the absence of toxicity in preéence of the test substance.
criteria Numerical value(s) or narrative statement for a physical, chemical, or biological
characteristic of water, biota,‘ soil; or sediment that must hot be exceeded to protect, maintain;
and improve the specific uées of soil, sediment; and water. |
delivered dose The amount or concentration of a substance at the targeted site within the body.
| The delivered dose may consider metabolic activation processes, pharmacodynamics, and
tissue dosimetry.
“detection limit. The smallest concentration or amount of a substance that can be reported as
- present in a sample with a specified degree of certainty by a definite, complete analytical
procedure. ‘
detritus Unconsolidated sediments composed of inorganic and decaying organic material.
-dissolved{constituent The constituents of a water sample or.a soil, sediment, or tissue digestate
: that will pass through a 0.45-um membrane filter.

dose The quantlﬁable amount of a material 1ntroduced into an animal.

early hfe-stage test (ELS) Toxicity test on the early life stages of a spec1es from shortly after

fertilization through embryonic, larval, or early juvenile development. Data are obtained on
‘survival and growth. |

ecosystem An ecological system. A natural unit of living and nonliving components that interact
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to form a stable sysfem in which a cyclic interchange of material takes place between living.
and nonliving units. | ;

effective concentration [median~] (EC,,) The concentration of a stressor that is estimated to be
effective in producing a biological response, other than mortality, in 50% of the test organisms
over a speci‘ﬁc time interval (e.g., a 48-h daphnid EC,y). N |

effective dose [median~] (EDSO) The dose of material estimated to be 'effective. in producing
some sublethal response in 50%‘ of the test organisms. It is appropriately used with test animals
such as rats, mfce, and dogs, but it is rarely applicable to aquatic organisms beéause it indiéates
the "qu'antity of a material introduced directly into the body by injection or ingestion rather than
the concentration of the material in water in which aquatic organisms are exposed during
toxicity tests. | '

endpoint measurement An effect on an ecological component that can be measured and

described quantitatively.

excretion Expulsion. of metabolic wastes, sometimes including toxic substances, into the

environment by microbes, animals, and plaﬁts.
exposure The amount of a physical or chemical agent that reaches a target or receptor through
ingestion, dermal absorption, and inhalation. |
exposure assessment The process of estimating the dose received by an orgahism, population, or
ecosystem. It may be prospective where estimates of the‘cher'nical concentrations and forms in |
various media or habitats are combined with estimates of the organism’s behaviour to predict
~dose, or it may also be retrospeétive where dose is estimated from Body .burden's of the
chemical or changés in the organism caused by the chemical (biomarkers).
exposure characteriiafioh Identification of the conditions of contact between a s_ubstance and an
individual or population. Exposure characteristicss may involve identifying the concentration,
~ routes of uptake, targét sources, environmental pathways, and population at risk.
exposure estimation Estimate of the émount and cfmation of contact between a substance and an
individual or a 'population. Exposure estimates consider factors such as-concentration, routes of

uptake, target sources, environmental pathways, population at risk, and time scale.
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exposure route/pathway The means by which organisms are exposed to coritaminahts.
Routes/pathways would include uptake- of contaminants from solution, ingestion of
cont.aminated food or prey, and inhalation of contaminated. particles. More generally, routes of
exposure-include exposure’via air, water, soil, sediments, food, and other media to which the
organism may be exposed. _ 4

exposure scenmario A clearly and quantitatively defined description of all circumstances
associated with a receptor that would permit the estimation of chemical exposure. These
circumstances include amounts of air, food, water, and soil consumed, and the critical

receptor's weight, age, sex, and all other relevant considerations.

fate The manner in which a material will partition between various environmental compartments

(e.g., soil, sedimeﬁt, water, air, or biota) as a result of transport, transformation, and
degradation. ' ' »

flow-through system An exposure system for aquatic toxicity tests in which control water and

~ test material solution flow into and out of test chambers on a once-through basis either
intermittently or continuously.

guidelines Numerical ’concentrationé or narrative statements that are recommended to protect
and maintain the specified uses of air, water, sediment, soil, or wildlife.

hardness The concentration of all metallic cations, except those of the alkali metals, present in
water. In general, hardness is a measure o.f: the concentration of calcium and magnesium jons in
water and is frequently expréssed as mg-L"! calcium carbonate equivalent.

humic substances Partially broken down organic substances that occur in water or sedlment
mainly in a colloidal state. Hum1c acids are large -molecule organic acids that dlssolve in water.

hydrolysis (1) The formatlon of an acid and a base from a salt by the ionic dissociation of water.

(2) The chemical decomposition of a compound by interaction with water.

interim guideline For sediment, water, and tissue residue guidelines: a guideline value derived

from a small, less restrictive data set than that full for a guideline.
in vitro Outside the intact organism; generally applied to experiments involving biochemical

. events occurring in tissue fragments or fractions.
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in vivo Within an intact animal or organism.

K, ‘The ratio of the coheentration of a chemical 'associated wit_H ‘the particulate phase, the
particulate phase being expressed as the total weight of particles, and the concentration of that
chemical in the 'dissolved phase, at equilibrium.

K,. Organic carbon (normalized) partition coefficient. The tatio of the 'conce_ntr‘ation of a
chemical associated with the particulate phase, the particulate phase being expressed as the
weight of the organic carbon content, and the concentration of that chemical in the: dissolved
phase, at equilibrium. The logarithm of K , is used as an indication of a chemical’s propensity
for accumulating in organic matter, such as humin or humic acid.

K, Octanol-water panition coefficient. The ratio of a chemical’s concentration in n-octanol and

" its corcentration in water at equilibrium. The logarithm of K_,, is used as an indication of a
chemical’s propensity for bioconcentration in aquatlc organisms. .

leaching The process by Wthh soluble constituents are gradually removed from soil through the \
action of percolating water. .

lethal concentration [median~] (LC,,) The concentratioh of a stressor that is estimated to be
lethal to 50% of the test organisms over a specific time interval (e.g., 96-h LC,).

lethal dose [median~] (LD,,) The dose of material that is estimated to be lethal to 50% of the
test organisms. It is appropriately used with test animals such as rats, mice and dogs, but it is
rarely applicable to aquatic organisms because it indicates the quantity of a material introduced
directly into the body by injection or ingestion Vrather than the concentrat-ion of the material in

ﬁ water in which aquatlc organisms are exposed dunng tox101ty tests o

llfe-cycle study A chronic study 1nv01v1ng the entire reproductlve cycle of an organism in which
all the significant life stages of the organism are exposed to a test material. A partial life-cycle
toxicity test includes that part of the life cycle that has been observed to be especially sensitive

to chemical exposure.

‘ligand A non-metal ion, molecule, or atom that is attached to the central atom of a coordination

compound, a chelate, or other complex, by donating one or more pair of electrons. May also be

called cdmplexihg agent.
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long-term exposure Exposure to e contaminant in a medium, lasting from several weeks to
years, often encompassing the reproductive cycle or life cycle of the test organism. Usually

. referred to as a chronic exposure. -Absolute definitions fer this term vary among studies.

lowest-observed-effect level (LOEL) The lowest dose or concentration used in a toxicity test
that results in statistically significant observed adverse effects in the exposed organisms
compared with control organisms.

measured flow-through test A toxicity test with constant flow or continuous flow of water where
the concentration of the tested substance in the water is measured and kept constant through

continual addition of the substance to maintain a stable exposure concentration.

" no-observed-effect level (NOEL) The highest dose or concentration in a toxicity test that results

in no statistically significant observed effect in the exposed organisms compared with control
organisms. » |

oligotrophic Refers to aquatic environments that have low levels of nutrients and low rates of
productivity. Opposite of eutrophic. ‘ |

pelagic (1) Living in the water column of 5 body of water and having no close association with
the bottom substrate. (2) Term appiied to organisms of the plankton and nekton that inhabit the

. open water of a sea or lake. - |

probable effect level (PEL) The concentration of a chemical above which adverse Biolegical

 effects are eXpected to occur frequently. . | ‘

provisional gﬁidelines For sediment guidelines: a guieleline that has been adopted from another

| _]lll'lSdlCtlon because ex1st1ng data are insufficient to meet the CCME requlrements for guideline
. derivation. ' '

'receptor/crmcal receptor The entlty (e g., person, orgamsm popula’uon commumty, or
ecosystem) that mlght be adversely affected by contact with, or exposure to a substance of

~ concern. '

reference concentratlon (RC) A level of a chemical in the tissues of an aquatlc prey species
(i.e., invertebrates, ﬁsh) that is to be consumed by mammalian or avian wildlife. The RC is

based on a.tolerable daily intake (TDI) and is expected to protect against variation in food
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mgestmn rates and body welghts of consumers. The RC for a given spec1es should be applled

" to the hlghest trophic level at which it feeds. .

. relative organ welght Welght of an organ (e. g hver) adJusted for the total body welght of the

orgamsm allowmg comparlson of organ weights among individuals of different sizes.

risk The probability that a defined undesired effect, such as injury, disease, or death»,_will result -

- from a specific’ event, such as a human action, a natural catastrophe, or an exposure to a
substance. . - | - o

runoff The pOrtion ‘of the total precipitation on an area that' flows into stream' channels. Water_ :
from surface runoff does not enter the 5011 Water from groundwater runoff or seepage flow

enters the soil before: reachmg the stream.

. safety factor See uncertainty factor.

sand A soil or sediment particle between 0.05 and 2 mm in ecj’uivalent diameter

secondary toxicity Toxicity that arises not from the direct 1ngest10n a toxicant or food splked

- with a toxicant, but rather that which manifests in one organism after consuming another,
prev1ously contaminated- orgamsm (or parts thereof) such that the toxicant has been subjected
to the metabolic processes of the latter while still alive. See also toxicity.

s_hort-term exposure Exposure to-a .contaminant in a medium for a time peribd that is small

| compared to the glifek span of the test organism. Exposure is usually severe enough to rapidly
induce an effect_.' Often referred to as an acute exposure. VAbsol.ute’ definitions for short-term 1
exposure vary from study to study R <

silt A 5011 or sediment partlcle between 0.002 and 0.05 mm in equlvalent diameter.

site- specnﬁc objective Numerical concentration or narratlve statement that has been established
to mainta_in and protect a'designated resource use at a specified site by taking into consideration

site-specific characteristics.

‘solubilit‘y The rnaxirnum 'concentration ofa subStanc'e'that will dissolve in a solvent.

solvent In aquatlc bloassays an’ agent (other than water) in which the test chem1cal is mlxed to

make 1t m1501ble with d11ut10n water before dlstrlbutlon to test chambers

s sorptlon A surface phenomenon that may be e1ther absorptron or adsorptlon ora combmatlon of "

- February9 1999 - S - T4 " . ) _ - Draﬂcopy f(;rvreviewpurpo'ses'only

Gurdehnes and Standards Dwnslon Env1ronment Canada e T : Do not cite or circulate -~



the two. The term is often used when the specific rnechanism 1s not known.

species Generally regarded as a group of organiSms that resemble each other to a greater degree
than their resemblance to members of other groups and that form a reproductively isolated unit
that will not normally breed with members of other groups. ' V, .

~ standard A'legall_y enforceable numerical limit or narrative statement, such as in a regulation,

 statute, contract, or other legally binding document, that has been adopted from a criterion,

guideline or objective (
static system An exposure system for aquatic toxicity tests in- wh1ch the test chambers contam
. solutions of the test matenal or control water that are not usually changed durmg the test
Dependmg upon condmons, a static system may or may not be in equilibrium.
- sublethal Below the level that causes death. | _ A ‘
sui'vival time The time rintlerval between initial exposure of an organism to a harmful parameter

and death.

synerglsm A phenomenon in which the toxicity of a m1xture of chemlcals is greater than that-

which would be expected from a simple summation of the toxicities of the individual
chemicals. o | A | S . i_. |
teratogen An agent that increases the incidence of congemtal malformations.
teratogemcnty The ab111ty of a chem1cal to change the normal development processes of an
" unborn »organlsm, resulting in permanent alterations in the biochemical, physlolog1cal, or
".anatomical functions of the organism. : - 7‘ |
' ‘threshold The concentrat1on or dose of a chemical below which the resultlng effects cease to be
percept1ble ’ | _ | ' _ ‘
: threshold effect conc’entration '(TEC) The concenttation of a chemical below which adverse

effects are expected to occur rarely and above wh1ch adverse effects may be expected

' threshold effect level (TEL) The concentratlon of a chem1cal below which adverse effects are

: expected to occur rarely.

tissue re51due The concentratlon of a forelgn chemlcal or substance measured in the tlssue of

aquatlc blota such as ﬁsh shellﬁsh invertebrates, and aquatxc plants, normally expressed ona

February 9 1999, . . 25 . : B . S Draft copy for review purposes only

" "Guidelines and Standards DlVlSlOn Envnronment Canada ' o B : T . Do not cite or circulate

N



whole body wet Welght basrs .

tolerable daily intake (TDI) The level of daily chemlcal exposure that an organism can sustain
w1th no expected adverse effects A tolerable daily intake can only be determmed for chemicals
with threshold effects (ie. noncarcmogens) It can be expressed as the geometrlc mean of the
LOEL and NOEL whlch may be then d1v1ded by an uncertamty factor -

tolerance The ability -of an orgamsm to w1thstand a given env1ronmental condltlon for an

* indefinitely long period of time without dy1ng

toxic Causing or having the potent1a1 to cause adverse effects to organlsms or populatlons

toxic equivalency or equivalent (TEQ) See toxic equivalent factor (TEF). .

toxic equivalent factor (TEF) A relative“ potency value of a particular PCDD, PCD.F, or PCB

- congener compared to 2,3,7,8-tetrachlorodibenzo-p-dioxin ‘(T4CDD) based on the results of

several in vivo and in vitro studies. TEFs have been derived for a;variety of organisms and
end-points. Those employed lhere were derived by the World Health Organisation (WHO) in
1998.. Relative potencies of 1nd1v1dual congeners (concentratlon x TEF) may be summed to
givea T, CDD toxic equlvalent concentratlon (TEQ) Altematlvely, a TEQ may be estlmated ‘
by comparing the potency of a sample extract to induce enzyme act1v1ty (e g., EROD) to that of
a known concentration of 2,3,7,8- TCDD in a cell culture bloassay (e.g., H4IIE)
toxicant Agent or material capable of producmg an adverse response (effect) in a blologlcal _

system seriously i 1nJur1ng structure or function, or producmg death

_toxncnty The inherent potent1a1 or capacity of a material to cause adverse effects ina living

organism. See also secondary toxicity. 4
toxicity test The means by which the toxicity of a chemical or other' niaterial is determined.
Toxicity - tests are used to measure the degree of response produced by exposure toa specific

level of stimulus or concentratlon of chemlcal

_uncertamty factor A number used to provide an extra margin of . safety beyond the known or ‘

estimated sensmVltles of organisms. Often apphed_ when sufﬁc1ent information about the

toxicity, particularly the chronic toxicity, of a substance is not well known.

uptake A process»by‘ which substances are absorbed and incorporated into a living organism.

‘February9 1999 . e 4 . 2 . . ‘ Draﬁcopy forrevnewpurposes only/'

Guidelines and Standards Division, Envnronment Canada - T "~ Do not cite or circulate



volatilization (1) A process by which a substance goes from 11qu1d state to vapour state: (2) A
process by. Wthh a substance enters the vapour phase. o '
wildlife In reference to txssue residue guidelines, wildlife encompasses mammahan avian,

reptlhan, and amphibian species that consume aquatic biota. .
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ABBREVIATIONS

13

Biological and Chemical Terms

Analvtical Methods -

gés chrdmatography with

GC-ECD
electron capture detection

GC-HRMS gas °* - chromatography-high

" resolution mass spectrometry
- GC-MS © gas . chromatography-mass

spectrometry

GC-MSMS gas  chromatography-tandem
mass spectrometry

GC-NCI gas  chromatography  with
negative ion chemical
ionization detection

Bioaccumulation

BAF bioaccumulation factor

BCF bioconcentration factor

BMF biomagnification factor

BSAF - biota-sediment  accumulation

T factor ‘

BI . bioavailability index -

Biochemical Terms

Ah aryl hydrocarbon

AHH aryl hydrocarbon hydrolase

CYP1A1  cytochrome P-450-1A1

EROD ethoxyresorufin O-deethylase

H4IIE rat hepatoma cell bioassay

MFO mixed function oxidase

RLT. remodulated lightning . trout

. bioassay

Chemical Names and Terms

AVS
BKME

cl

. TBKME

DDT
DDE
I-TEF

PCB
PBDDs

PBDFs
PBBs
PAH

PCDD
PCDF
PCDD/F
T,CDD

T,CDF
TEF

TEQ
total TEQ

 acid volatile sulphide

bleached kraft pulp mill

- effluents

chlorine

bio-treated bleached kraft pulp
mill effluents
2,2-bis(p-chlorophenyl)-1,1,1-
trichloroethane A
1,1-dichloro-2,2-bis(p-
chlorophenyl)-ethene
international toxic equivalency
factor

polychlorinated biphenyl
polybrominated dibenzo-p-
dioxins

polybrominated dibenzofurans
polybrominated biphenyls

Polycyclic aromatic

hydrocarbons

polychlorinated dibenzo-p-
- dioxins o

polychlorinated dibenzofurans

PCDD and PCDF

2,3,7,8-tetrachlorodibenzo-p-
dioxin - ' .
2,3,7,8-tetrachlorodibenzofuran
2,3,7,8-TCDD toxic
equivalency factor
2,3,7,8-TCDD toxic equivalent
TEQ based on concentrations

__of both PCDD/Fs and PCBs
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Chemical Properties

log K.,

log K.,

K,

logarithm of the octanol/water
partition coefficient

logarithm of the organic

carbon/water partition

coefficient B

sediment/water partition
_ coefficient

fic

DOC
TOC

fraction of organic carbon
dissolved organic carbon
total organic carbon

Measuring Toxic Effects

BEDS-
ECy

EDs,

ELS
ip
LC,,

LOEL
MTR -
NOEL
PEL
TEC
TEL

Wei gﬁts

BW or bw
DW or dw

Lw :
RLW -

ww

Biological Effects Database for
Sediments

effective concentration to. 50%
of the test population

effective dose to 50% of the
test LDy, lethal dose to 50% of
the test population

early life stage

intraperitoneal

lethal concentration to 50% of
the test population _

lowest observed effect level

‘maximum tolerable risk level

no observed effect level
probable effect level
threshold effect concentration

threshold effect level

body wéight _

~dry weight
- liver weight

relative liver weight
wet weight

* Guideline Derivation Terms

EQGA

Water

BCF

- LOEL

TEC
TRB-EqPA
WQG
Sediment

COA
BSAF

EqPA
ISQG
NSTP

PEL
SBA

- SQAV

SQG
SSBA

SSTT
TEL
TRB-EqPA

approach

environmental quality

guideline

bioconcentration factor
lowest observed effect level
threshold effect concentration

tissue residue based
equilibrium partitioning
approach

water quality guideline
co-occurrence approach -
biota-sediment  accumulation
factor

‘equilibrium partitioning
approach

interim  sediment  quality .
guideline

National Status and Trends
Program

probable effect level

sediment background approach
sediment quality assessment
value

sediment quality guideline

spiked  sediment  bioassay
approach

spiked-sediment toxicity test
threshold effect level '
tissue residue-based
equilibrium partitioning
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- NATO

Organization -

Tissue
FI " food intake
LOEL lowest observed effect level
NOEL no observed effect level
RC reference concentration
TDI tolerable daily intake
TRG tissue residue guideline
UF uncertainty or safety factor
Organizations
BCMOE  British Columbia Ministry of
Environment ,
BCMELP  British Columbia Ministry of
' Environment, Lands, and Parks
CCME Canadian Council of Ministers
of the Environment '
CCMS ~ Committee on the Challenges
of Modern Society
CCREM  Canadian Council of Resource
and Environment Ministers
CFI Crestbrook = Forest Industries
C Ltd.
CIELP Canadian Institute for
T Environmental Law and Policy
CPPA Canadian Pulp ~and Paper
. Association - o
"CWS Canadian Wildlife Service
EC Environment Canada
ECEH -  European Centre for -
; Environmental Health
HWC Health and Welfare Canada
IJjc - International Joint Commission -
. TUPAC International Union of Pure and
Applied Chemistry
MEF Ministére -de I’Environnement -
et Faune
MENVIQ Ministére de I’Environnement
" du Québec : :
North Atlantic .  Treaty

NRCC
NYSDEC

NWF
NWRI

OMOE

SAIC

SRC
U.S. EPA

WDE
WHO'

Time

o,

Wk,

National Research Council of
Canada i}

New York State Department of
Environmental Conservation

~ National Wildlife Federation

Nation Water Research
Institute .
Ontario Ministry of the
Environment

Science Application

International Corporation
Syracuse Research Corporation
United States Environmental

. Protection Agency

Washington
Ecology
World Health Organization

Department of

day

hour

week

annum (year)
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1.  INTRODUCTION

Canadian environmental quality guidelines are developed by the Canadian Council of Ministers

of the Environment (CCME) using formal protocols (i.e., CCME 1991a, 1995 , 1997) to provide a

consistent, scientifically defensible approach for assessing and managing toxic substances in the

environment. - These guidelines are intended for use by Canadian provincial, territorial, and
federal agencies as well as private/corporate stakeholders to 'assess envirdnmental quality
'problems and to manage competing uses of resources. Canadian environmental quality
guidelines fdr dioxins and furans are numerical concentrations in various media (water, sediment,
aquatic biota) that are recommended to protect, enhance, and restore designated uses of the
~ environment. These concentratlons provide benchmarks for the 1nterpretat10n of env1ronmental
. monitoring data and serve as the scientific basis for determining interim management objectives
and performance indicators to measure progress in virtual elimination strategies. These national
numerical environmental quality guidelines are important tools in comprehensive ecosystefn
management but they are not intended to preclude the need for site-specific considerations and

.approaches. Thus, it should be noted that the use of the guidelines will require consideration of

local conditions.

‘Polychlorin.‘ated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs),
commonly known as dioxins and furans, respectively, are planar tricyclic aromatic cornpounds.
As a class of compounds, PCDDs and PCDFs (henceforth abbreviated ‘as PCDD/Fs) are
 considered ‘to>dc’ substances as deﬁned‘ in Section 11 of the Canadian Environmental
: Protection Act Additionally, they meet the specifications for Track 1 substances because they.

are toxic, persistent, bioaccumulative, and concentrations in the environment prlmarlly result

from human actlvmes and as such they are slated for virtual elimination from the environment

under the Toxic Substance Management Policy (Environment Canada 1997). In récognition of -

“these characteristics, the CCME requisitioned its Task Group on Water Quality Guidelines to
prepare Canadian Environmental Quality Guidelines (EQGs) for PCDD/Fs.
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The environmental quality guidelines for PCDD/Fs developed in this document include water
quality guidelines (WQGs) for the protection of freshwater and marine/estuarine aquatic biota,
sediment quality guidelines (SQGs) for the protection of freshwater and marine/estuarine aquatic
biota and ﬁsSue residue guidelines (TRGs) for the protection of wildlife consumers of freshwater
and marine/estuarine aquatic biota. This report also summarizes information on: -physical and
chemical ‘properties, production and uses, sources and pathways for entrance into the
environment, enviironmentalr concentrafions, fate and béhavioui, bioaccumulation, and relevant

toxicological data of dioxins and furans.

The Canadian Environmental Quality Guidelines developed hérein, and‘ their supporting
informatibn,will contribute to the scientific basis for the development of ambient Canada-Wide
Standards (CWSs) for dioxins and furans. Canada Widé Standards aré developed:under the
Canada-Wide Environmental Standards Sub-Agreement of the Canada-Wide Accord on

Environmental Harmonization.
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2. IDENTITY, PROPERTIES AND ANALYSIS

2.1 Identity and Nomenclature

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) are
highly persistent compounds which have a strong tendency to accumulate in b101001cal tissues
and a strong afﬁmty for sedlments (Government of Canada 1990). Both PCDDs and PCDFs are
planar trlcychc aromatlc compounds with similar propemes (WHO 1989). There are a total of
'75 PCDD and 135 PCDF congeners, the most.studied and most toxic of which is 2,3,7.8,-
tefrachlord-p-dibenzodioxin (T,CDD) (Government of Canada 1990). This report focuses on the

-‘ 17 PCDD/F congeneré that have chlorine atoms attached at the lateral positions 2,3,7, and 8 (see

Figure 1; Table 1). Physical and chemical properties of these congeners are summarized in

Tables 1 to 6.

2.2 Toxic Equi?alency Factors (TEFs) and Toxic Equivalents (TEQs) - Overview

- PCDD/Fs .are usually released into the environment aé éomplex mixtures (Govefnment of Canada
1990). Like the most toxic congener, 2,3,7,8-tetrachlorodibenzo-p-dioxin (T4CDD), the 16 other
PCDD/Fs studied herein are believed to elicit toxic effects through the aryl hydrocarbon (44)
reééptor (see Secﬁon 7.1). Their relative'.toxicities, however, may differ by several orders of
- magnitude (O'Brien 1990). In addition, some polychlorinated biphenyls (PCBs), namely those
having a coplanar configuration such as the mono-ortho and non-ortho substituted isorhers,
exhibit a mode of toxic action similar to that of T,CDD. In order to assess the risk that complex
mixfureé of dioxin-like compounds pose to aquatic biota or wildiifé'consumers of aqﬁatic biota,
and to facilitate coinparis'ons-among environmental samples, the toxic potency of the miXture
" must be determined and expressed in a common ‘currency’ (i.e., comparable' units). Due to

similarities in their mode of action, the toxic potency of a mixture of PCDD/Fs and coplanar
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' PCBs may be- expressed as an equrvalent concentratron of T, CDD by -accounting’ for the

potencies of the individual T, CDD like compounds relatlve to that of ‘T,CDD- (Walker and

Peterson 1994a). -

‘To account for the differences in potency when assessing the potential ‘consequences of the

concentrations and cumulat1ve effects of PCDDs, PCDFs, PCBs, and other related halogenated

.aromatic compounds that occur in complex mixtures in the environment, it has been proposed

-that toxic equivalency factors (TEFs) be applled to adjust for dlfferences in enzyme 1nduct1on

potency and the potential for toxic effects (Safe 1990; Coulston and Kolbye 1994). TEFs are
fractional potencies used in exposure assessments to estimate T4CDD toxic equivalents (TEQs).

in organisms based on the sum of TEF-normalized planar halogenated hydrocarbon

‘concentrations (Tillitt et al. 1996). This method is based on the determination of the relative
.‘ ‘toxicitie‘s of dioxin-like substances in :‘relation' to that of T,CDD. TEFs are assigned to each -

- chemical based on the results of both in vivo and in vitro studies that commonly measure

enzymatrc induction in mammals (rats) and mammallan cell (rat hepatocyte) lines. Typically,'

concentrations of 1nd1v1dual PCDD PCDF, and PCB congeners are quantified and their relative

potencies (concentration xTEF) are summed, giving a TEQ concentration. Mammalian-based

TEFs. developed by Safe '(1990 or 1994) or lntemati.Onal' TEFs (I-TEFS) developed by .

. NATO/CCMS (1988) are most frequently used to calculate a TEQ, although some TEF values
are avarlable for ﬁsh and blI‘dS (Table 7) The most recent TEFs for fish, mammalran and avian
a _ ' receptors were developed in 1998 under the Env1ronmental Health and Safety program of WHO
g and were chosen for use in thls document (see Table 8; van den Berg et al. 1998) TEF based‘ h ’

' TEQs and bloassay based TEQs are discussed further under Section 7. 3

23 Analysis

There are a wide variety of methods used to analyze dioxins and furans in. environmental

. February9 1999 S : 34 . - o Draﬁ copy for review purposes only

Guidelines and: Standards Division, Envrronment Canada e ST - - Donot c1te or circulate



' 'sampl'es ‘Regardless of which technique or environmental matrix is considered, the analytical

B process mvolves three general steps sample extraction, sample clean-up, and quantiﬁcation

There are no validated protocols, though some methods are preferred dependmg on the type of ’

sample and 1ts size, data requrred and budget. In general, analysis of PCDD/Fs is difficult, time

and labour intensive; and costly. A detalled evaluation of these methods is beyond the scope of e
- this work The followmg descriptions are taken from the: published analytical methods of the

;Ontario Min_istry of the:Environment (Laboratory Services Branch), but typify the methods that -

are commonly employed to quantify dioxins and furans in water, sediment,-and tissue samples.

231 Water

) Prior to analysis water samples (minimum one litre) should be stored Vin amber glass bottles with | '
a Teflon- or alumlnum foil-lined lid, prev1ously solvent rinsed and baked. Samples should be.
transported and stored in the dark at cool temperatures (<8°C) for a maximum of 30 d prior to

analysis to minimize chemical reactlons and/or breakdown. Known quantities of isotopically

labelled PCDD/Fs are added to each sample to. serve as internal quantitation standards. Samples
", are then filtered ‘using a solid phase adsorption disk; water soluble PCDD/F congeners are
absorbed by the dlSk ‘while particle bound congeners are trapped on the dlsk PCDD/F s are

- extracted from the disk and part1c1es with a toluene/ethanol mixture Extracts are then cleaned

:u51ng a multi-stage. chromatographlc clean-up procedure Additional clean -up using carbon'

R chromatography may be necessary prior to final analy51s if the sample 1s contamlnated with other

polychlormated aromatics or polychlorlnated diphenyl ethers that are not removed by the open- )

Y column chromatograghic techmque Moreover heavily contammated samples may cause

o dlfﬁculties in the sample clean- up procedure. - Such samples are acid washed prior to open- '
column chromatography and/or carbon chromatography The final extract is analyzed by Gasz o '
'Chromatography High Resolution Mass Spectrometry (GC HRMS) or Gas Chromatography-"‘ : '::."

" Tandem- Mass Spectrometry (GC MSMS) Detection limits are generally- l.pg'L L (OMOE .
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1997a).
232 Sediment

Sediment samples should be stored in amber glass bottles with a Teflon- or aluminum foil lined

lid, previously solvent rinsed and baked. Although samples may be stored for an 1ndeﬁn1te

- period of time prior to analysrs exposure to excess1ve lrght and temperatures should be avo1ded

~to minimizé chemlcal reactlons and/or breakdown. - Samples (minimum 10.g dry we1ght

equ1valent) are drred ground and homogemzed Known quantities of isotopically labelled
PCDD/Fs are added to each sample to serve as internal quantltatlon standards. : A Soxhlet ‘

apparatus with toluene is used to extract the PCDD/F congeners. Extracts are then cleaned using

" a multi- stage chromatographw clean-up procedure. If. the sample is contaminated with. other

_polychlormated aromatlcs or polychlorinated d1pheny1 ethers additional clean-up .using

quuld/sohd chromatography or carbon chromatography, respectively, may be necessary prior to

- final analysis. Moreover, heavily contaminated samples may cause difficulties in the- sample

clean- up procedure. ‘Such samples are acid washed prior to. open-column chromatography and/or

o carbon chromatography The ﬁnal extract is analyzed by GC HRMS or GC- MSMS - Detection
: 11m1ts are generally 1 ng kg dw (OMOE l997b)

)

233 Tissue

Tissue samples should be stored in amber glass bottles vvith ‘a Teflon- or alurrlinum foil-lined lid,

.prev1ously solvent rlnsed and baked. : ‘Whole fish. ﬁllets should packed in solvent rinsed -
aluminum f01l Samples may be stored in a freezer at.a max1mum temperature - of -4°C for an
| lndeﬁnite period -prlor to analysrs Thawed samples (2-20 g ww) are homogenized by

v‘ mechanrcal grinding of the tissue. Known quant1t1es of 1sotop1cally labelled PCDD/F s are added .. |

to each sample to serve as 1ntemal quant1tat10n standards. Th1s sub sample is dlgested ovemrght
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- with -concentrated hydrOChloric acid and then extracted with hexane. The extract is passed

. through a glass column containing anhydrous sodium sulphate and sulphuricacid-modiﬁed silica

(OMOE 1997c). Alternatively, ‘the homogenized sample is ground with _anhydrous sodium '

: sulphate into free ﬂowing mixture. This mixture is then transferred to a chromatography column

- and spiked with 1sotop1cally labelled PCDDs and PCDFs (Huestis et al. 1995) The samples are

_ then eluted. wrth methylene chlorrde Albeit no overrnght drgestron w1th hydrochlorrc acid is

" ‘required in thrs latter case, lipids must be removed ina separate gel permeatron chromatography o

- step. Some analytical labs routlnely perform carbon chromatography clean-up on the’ extracts

) before,instrumental analysis while others employ it only if the sample 1s contaminated with

polychlorinated ‘diphenyl ethers. The final extract is concentrated with a rotary evaporator and .
* subsequently fractionated using HPLC. As for other media, the final extract'is analyied by GC-
HRMS or GC-MSMS. This analytical method is optimised. for fish tissue, however, it is also

applicable to other aquatic animals. Detection limits are generally 1 ng-kg' (OMOE 1997c¢).

The practice of lipid-norrnalization simplifies sample extraction, analytical procedures, and
" interpretation of analytical results. For instance, for whole body measurements, large fish- would

‘not always need-to be homogenized prior to analysis especially if the‘ ratio Of the lipid and B

analyte content in the organ of interest to that of the whole fish were measured ﬁrst Therefore,

whole body concentrations could be estimated in subsequent samples using this ratro Moreover,
composites of small samples; as well as tissue subsamples, could be used and compared dlrectly 7

" ona hp1d werght basis because the greatest degree of variation among such samples would likely . -

. be due to differing lipid contents. Nevertheless, the efficacy of hpld-normahzatron of wet or dry

werght based analyte concentratrons may be affected by the extractron method used to estimate S

Allprd content. Randall et al. (1991) evaluated four methods for determrnmg the lipid content of

_ﬁsh and mvertebrate tissues and noted that, dependmg on -the extractron solvent the results

" varied by a factor as high as 3.5. While no one solvent proved to be super1or the authors“
recommended that a standard protocol should be adopted to ensure comparablhty of data. An S

overview of the pertrnent literature shows that the lipid fract1on may be reasonably reproducrble V
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since most laboratories follow standard protocols for PCDD/F extraction from tissue. Typically,
Soxhlet or column extractions with dichloromethane:hexane (1:1) are performed for lipid
extraction. Extractions using these nonpolar solvents are fairly reproducible within a laboratory .

and yield mainly triglycerides (D. Muir, Freshwater Institute, Dept. of Fisheries and Oceans,

| -pers. com. 1997).

2.3.4 Variations on Analysis

Recently, the Centre d’Expertise en Analyse Environnementale du Québec of the Ministére de

I'Environnement et de la Faune developed a new protocol for the analysis of PCDD/Fs, PCBs,
and PAHs in soil, sediment, water (1-50 L), and tissue samples entitled, "Ultra-Trace: Multi-
Parameters Method". This procedure involves a new adsorbent, a silver loaded alumino-silicate
gel (AgAlSi) that has the capability to completely separate PAHs from PCDD/Fs and PCBs. The
PCDDV/F - PCB fraction is further separated on an alumina column to give three fractions: PCBs,

mono-ortho and planar PCBs, and‘PCD.D/Fs. Because the extract is not split in two or three

. before phriﬁcation, and because all of the quantifications are done by HRMS (PCDD/Fs, i)lanar

PCBs, PAHs) or MS/MS (other -PC.B cbngeners),.d'etection» limits are lower than more standard

~ approaches; those for water, sedment, and tissue are reported as 0.01 - 0.05 pgL', 0.1-1pgg’

and 0.1 - 1 pg-g”', respectively (C. Brochu, MEF, pers. com. 1998/99).
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3. SOURCES AND PATHWAYS FOR ENTERING THE AQUATIC ENVIRONMENT

PCDD/Fs are not intentionally produced, and there are no known uses of these compounds
(WHO 1989; Fiedler et al. 1990). They are involuntary impurities formed as a result of
anthropogenic activities, including combustion, chemical production, metal processing, and pulp
and paper production. Each of these source categories will be examined in detail below. Natural
sources of PCDD/Fs include forest fires, volcanic activity, and other forms of natural combustion

(Hicks and McColl 1995).

An inventory of sources of PCDD/Fs in Canada is currently being prepared by Environment
Canada (Environment Canada 1998a). Data compiled in a draft of this report (October 1998)
forms the basis of the review provided in this section. Quantitative data from earlier studies are

also presented in order to illustrate the temporal trends in PCDD/F release in Canada (Table 9).

3.1 Combustion Sources

~

Atmospheric release from combustion sources is the largest contributor of PCDD/Fs to the

Canadian environment (Environment Canada 1998a). Airborne PCDD/Fs, in both the vapour

and particulate phases, may be transported long distances and deposited through wet or dry
deposition (Steer et al. 1990; Bobet et al. 1990). As such, both aquatic and terrestrial écosystems
may become contaminated with PCDD/Fs via this pathway. Combustion sources. inciude

municipal waste incinerators; biomedical waste incinerators; coal-fired utility boilers; oil and gas

burning; fuel wood burning; forest fires; and cigarette smoking, among others (Sheffield 1985). -

Combustion of many carbon-based materials with minute quantities of chlorine, organic chlorine

compounds or inorganic chlorides leads to the production Q_f dioxins and furans in limited

amounts . (Hicks and McColl 1995; Rappe et al. 1987).- PCDDs released from- combustion
~ sources consist generally of the less toxic H,CDD and OCDD congeners (Sheffield 1985; Fiedler
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et al. 1990). This cbngener profile, however, is often reversed for PCDFs, such that the smaller

T4CDF and P,CDF congeners’-are the predominant forms (Fiedler et al. 1990).

In Canada, between 1990 and 1997, an 18% reduction in atmospheric. releases of PCDD/Fs was

o observed (from 353 t0 290 g TEQ-a") (Environment Canada 1998a). By 1999, a 25% reduction

in atmospheric releases is projected compared to 1990 levels. It is anticipated this reduction wiil

be achieved due to bfacility upgrades and/or closures (Figure 2).

3.1.1 Waste Incinerators

An ihcinerafor can be described as a reaction chamber for a complex mixture o‘f atoalic and
molecular species. The elevated temperature and high concentration of carbon, o>\<yg‘en; and
chlorine species may provide' suitable conditions for the fofmation of dibxins and furans (Hicks
and McColl 1995). Effective destruction of dioxins and furans can only be achieved under
adequaté incineration conditions (Hutzinger et al. 1985). Generally, the.incineration process is |
not 100% effective and a small fraction of the organics present may not be destroyed (Hicks and

McColl 1995)..
There are several types of incinerators operating in Canada. Municipal waste incinerators,..
hazardous waste incinerators, and biomedical waste incinerators all contribute in varying degrees

to the release of PCDD/Fs to the Canadian environment.

Municipal waste incinerators are the most significant source of atmospheric emissions of

'PCDD/Fs in Canada, releasiﬁg 152 g TEQ-a™ to the environment in 1997 (Environment Canada

1998a). The Canadian inventory for 1997 indicafes that releases of PCDD/Fs from nine large .

" municipal waste incinerators in Canada were approximately 66.9 g TEQ-a' (Environment

Canada 1998a). The majority of these emissions (92%) come from one facility in Quebec.

Renovations to this facility are expected to reduce emissions to 5.1 g TEQa' by 1999
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(Environment Canada 1998a). Smaller municipal incinerators in British Columbia (9.4 ¢

TEQ-a" in 1997) and teepee municipal solid waste burners in Newfoundland (75.4 ¢ TEQ-a" in

i997) also eontriBute to the total releases from this sector (Environment Canada 1998a). Rappe

et al. (1987) reported that the major source of chlorine in municipal solid waste incinerators is

plastic material (e.g., PVC). Direct evidence for the conversion of PVC to PCDDs and _PCDFs
has been reported by Marklund et al. (1986). |

Hazardous waste incinerators are of public concern, especially those where PCB are being
burned. Typical hazardous waste streams consist of contaminated process wastewater, residues
. from chemical p‘rocess industries, paint residues, chemical spill cleanups, solids, soils, oivls, and
others. The congener profile for PCDD/Fs from hazardous waste incinerators is similar to those
reported from municipal waste incinerators (Rappe et al. 1984; Marklundet al. 1986). In 1998,
there were four hazardous waste incineration facilities with five incinerators operating' in Canada.
Approximately 1.3 g TEQ a'l of PCDD/Fs were released from these four facilities in 1997

(Env1ronment Canada 1998a).

Biomedical waste incineration is a.common operation performed at hospitals and has also been

identified as a source of dioxins and furans. Biomedical waste incinerators destroy medical

waste that includes all hospital‘ waste except for corpses and body parts. The estimated PCDD/F

emissions from hospital incinerators in Canada were 8.3 g TEQ-a"' in 1995 (Environment Canada

~ ~1998a). Several hospital incinerators have been shut down in the past few years thus reducing

total PCDD/PCDF releases to approximately 2 5 g TEQa" 1_n 1997 (Env1ronment Canada
11998a).

3.1.2. Oil, Coal, and 'Gas Burning anld Refining

There are conflicting and limited data regarding dioxin formation by the burning of coal.
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Studies that examine- the detection relationship of emission concentrations with other variables
such as thé chlorine content of coal and combustion conditions are needed (Hutzinger et al.
1985). There is some indication that by burning sulfur-rich ftiel, such as coal, along with waste
in- municipal incinerators, the production of dioxins and furans can be significantly reduced.

Emissions of' PCDD/Fs from coal-fired powér plants (Kimble and Gross 1980), wood stoves
(Nestrick and Lamparski 1982), and peat burning (Marklund et al. 1986) seem to be very low

" when calculated in m® flue gas. Nonetheless, the very high flow rates and large number of units

could make a significant total contribution to PCDD/F emissions.

An invéntory of PCDD/F releases by the petroleum industry is unavailable. Results of a study
conducted in Ontario indicate that PCDD/Fs are present in stack emissions and wastewater
effluents from various petroleum refineries (Thompson et al. 1990). PCDD/F concentrations as

high as 480 and 1500 pg-L"!, respectively, were measured in internal effluent streams from these

~ facilities. vIn‘ stack emissions, concentrations of total PCDD were as high as 9 ng-m'_3, while

concentrationé' of total PCDF were as high ‘as 210 ng'm® (Thompson et al. 1990)."
quantitative data is reported in the draft Canada 1nventory at this time (Env1ronment Canada

1998a).

Automobiles are known contributors to PCDIj/F emissions in Canada. Ballschmiter et al. (1986)
identiﬁed a series of PCDD/Fs in uéed motor oil from automobiles. They suggested chlorinated
additives in inotor oil or in gasoline as possible sources for the PCDD/Fs, but no quantitative
data were reported. Fuel combustlon emissions from a number of different types of vehicles
were estlmated using U.S. EPA emission factors Diesel engines are thought to be responsible
for approx1mately 87¢g TEQ a’ whlle gasohne engines are estimated to contribute 0.1 g TEQ-a’!

(Env1ronment Canada 1998a).
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3.1.3 Cement Kilns

PCDD/F emissions from cement kilns have been quantified from 15 of the 28 kilns in Canada.
The results suggest that emissions from this sector amount to approximately 2.8 g TEQ-a"
(Environment Canada 1998a). Cement kilns typically burn alternative fuels, such as tires, waste

oil, coal, coke, solvents and bunker oil.

3.1.4 Wood Burning

Residential bumirrg of untreated wood has ’been'identiﬁed as a source of PCDD/Fs. Samples of

bottom ash and chimney ash.were collected from two wood burning stoves, one open fireplace,

and from out-of-doors open-air burning. Although only untreated wood was burned, PCDD/Fs’

were detected in all samples (Clement et al. 1985). Large differences in total PCDD/F levels and

relative congener amounts were observed between samples, although within-congener patterns

were very similar and in some cases resembled the patterns detected in municipal incinerator fly

ash. Residential wood combustion in Canada contributed 35.7 g TEQ"éfl to the Canadian

environment in 1997 (Environment Canada 1998a) (Table 10).

3.2 Chemical Production

PCDD/Fs are impurities in a wide variety of commercial chemicals used in Canada. Trace
quantifies of PCDD/F s occur in many chemicals, mainly as a result of high temperatures and
chlorinated 'so_lvents that are used in manufacturing processes. ‘Substances known to be
corltaminated with PCDDs and/or PCDFs _inéiude chlorophenols (e.g., pentachlorophenol),
various pesticides (e.g., 2,4-D and 2,4,5-T), 12'4-trichlor0benzene' hexachlorobenzene,
tetrachlorobenzoqurnones askarels [polychlormated b1phenyl (PCB) mixtures used in electrlc
transformers] and perchloroethylene (Fiedler et al. 1990). In Canada, the total PCDD/F released

in liquid effluents for the chemical produ_ctlon sector was 3.7 g TEQ-a" in 1990 (Environment
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Canada l998a) By 1997, the majority of these plants had modified the1r processes resultlng ina

total release of 0. 01 g TEQ a into effluents (Env1ronment Canada 1998a).

Pentachlorophenol is a wood preservative known to contain trace amounts of PCDD/F impurities

- (CCME 1997). Many of the historic uses of pentachlorophenol in Canada have: been restricted in

recent years through the Pest Control Products Act. Nonetheless, CPI Product Proﬁles (1991) |

reported that 1000 tonnes of PCP were used at wood preservation facilities in 1990. In BI‘ltlSh :

Columbxa chlorophenols in mixtures of creosote are used mainly 1n wood preservation and'
protectron espemally in railway ties, trestles and ut111ty and telecommumcatron poles This use ’

pattern creates a potential for wood poles and railway ties to contammate adjacent 'soil w1th

" dioxins and furans (Wan and Van Oostdam 1995). - Garrett and Shrrmpton (1988) reported that

accidental sprlls and runoff from lumber treatment and storage sites can result in the
contamination of nearby surface waters. Spills, runoff, and disposal of PCP-contarninated wastés
at these and other sites have the potential to contarnrnate soils and groundwater in the vicinity of

the operatron Shefﬁeld (1985) est1mated that in 1983, releases of total PCDD/F amounted to

>2.4 kg-a from processes usmg PCP. In 1997, the twelve ‘wood preservatlon plants currently’

-operating in Canada released a total of ~1.8 g TEQ-a' (Envrronment Canada 1998a).

3.3 Metal Production

In Canada, metal processmg contr1buted approxrmately 53 gTEQa of PCDD/Fs in- 1990 .

(Environment Canada 1998a). This amount reflects the combined estimates for iron

- manufacturing (slntering); steel rn'anufacturing (electric arc furnaces and foundries), and base

metal smelting.
Vo

There are two metal sintering plants located in Ontario one of which slated to be closed in June

1999, Anticipated release of PCDD/Fs -from this activity in 1999 is 23.5 g TEQa'
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- (Environment Canada 1998a) compared to 43 g TEQ-a" in 1990. Measured PCDD/Fs. released '

from a base metals smelting plant in Quebec was deterrnined to be approximately 0.1 g TEQ a’

in 1997 (Env1ronment Canada 1998a)

‘ In the steel mills, a high portion of the alloys or stainless steel _were recycled. The recycled

' material was contaminated by PVC or polychlorinated_parafﬁn. Environment Canada‘(1998)_

" reported that electric arc furnaces were the fifth largest source of- atmospheric ‘release of

PCDD/PCDF though releases have increased since 1990.
34 Pulp and Paper Mills

-Pulp and ‘paper mills rnay emit 'PCDD/Fs into .the eni/ironment by a number of routes
S1gn1ﬁcant quantlties of the most tox1c PCDD/F congeners were discharged directly to
freshwater estuarme and marine systems (Government of Canada 1990). The use of unhned
setthng basms to trap particulate matter in liquid efﬂuents at some pulp and paper mills, may also

result in the contammation of groundwater In addition, dlsposal of sludge from settling basms

and clariﬁers in sanitary landfills may result in contamination of sorls and groundwater and/or . -

surface water if significant leaching takes place. A w1de varlety of pulp» and paper products are
known to be contaminated with PCDD/Fs (Berry et al. 1989 Canadian' Pulp and Paper
, ASSOClatIOI’l 1989), and their ultimate disposal (i.e., burning or landfilling) could result in
‘additional releases to the: env1ronrnent (Sheffield 1985). Finished bleached paper products that

. are‘known to contain_ PCDD/Fs include newsprint, laborator’y filter paper, coffee ﬁlters, cosmetic

_ -tissue, recycled scrap, paper, milk cartons and other bleached paperboard containers‘ (Table 11;
E Beck et al. 1989; Beck et al. 1990; Kitunen and Salkinoja-Salonen 1_989; Ryan et al. 1991; Safe
:1991); “.The formation of PCDD/Fs in the pulp and paper industry is associated with chlorine

bleaching in which the natural phenolic constituents of wood pulp (e.g., lignin) are chlorinated to

yield chlorinated phenolic compounds which are precursors of PCDD/Fs (Safe 1991). E
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Prior to 1992, PCDD/Fs released from this sector in 11qu1d efﬂuents amounted to approx1mate1y
450 g TEQ-a'. Environment Canada estimated the dioxin and furan dlscharges from bleached
kraft pulp mill effluents in 1988/89 to be 280g of TEQs. British Columbla'has a unique problem
in that pulp wood is typic'ally transported doWn the Pacific coast tb pulp and'paper mills. This
results in large quantltles of salt (NaCl) being adsorbed by the wood The chlorme in the salt

then facrhtates the productlon of PCDD/Fs during processmg

Kraft liq‘uour borlers are'ns'ed .by tbe pulp and paper indnstry and have been identified asv a
potential source of PCDD/F s. Two kraft liquour boilers have been tested, one by the mdustry in |
British Columbia and one by Env1ronrnent Canada in Quebec. The concentration of PCDD/Fs |
exmng the stacks ranged from 0.004 and 0. 008 ng m?. It has been estimated that kraft hquour
borlers in Canada released a total of 1.4 g TEQ-a" in 1997 (Env1ronment Canada 1998a)
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4. - FATE AND PERSISTENCE IN AQUATIC SYSTEMS |

41 Water

. Each of the 17 prlorrty PCDD/F congeners con51dered in the present evaluatlon has extremely

B Alow ,solublhty in water (ie, <0.5ugL") (Table 3). Addmonal 1nformat10n on. the-'

' "physicochemical properties of these substances, such as log ‘K, and log Koc suggest that

PCDD/Fs are‘likely to form associations with both dissolved and partiCulate organic ‘matt'er upon
entry into aquatrc ecosystems (Tables 5 and 6 Webster et al 1986) Because. they are

hydrophobrc the maJorlty of PCDD/Fs released mto aquatic systems are likely to become

assoc1ated with suspended or bed sed1ments ‘or the trssues of. aquat1c organrsms (Corbet etal.

1988)

. Photolysis may be‘a significant degradation process for aqueous PCDD/Fs under certain

circumsta'nces " Choudhry and Webster ( 1986) estimated the photolytic half-lives of six PCDDs

- in ‘water bodies at latitude 40°N usmg phototransformation data gathered from a photochemlcal‘

reactor (313 nm), molecular ext1nct10n coefficients, and solar 1ntensrty data pubhshed for
dlfferent seasons at the-given latitude. The results of this study 1nd1cate that 1,2,7,8- TCDD
1,326?87TC_DD? 1,2,3,4,7-PCDD, 1,2,3,4,6,7,8-HCDD, and OCDD,degrade most rap1dly during

the summer, with calculated half-lives of 0.3, 1.8, 15.2, 6.27, 47.3, and. 17.9 d, respectively.

. Half-lives ‘were longest in winter (0.84 to 156 d), and 'inte'nnediate-_in fall (0.53 to 88 d) and in

spring (0.35 to 56 d). - Authors did not pro\?i‘de.reasons for the var_iability, but it is presumably |
- related to seasonal differences in solar intensity. A slightly longer a photolytic half-life of 6.3d
has been also reported for 1,3,6,8-TCDD in pond water (Corbet et al. 1988) These values are

similar to the photolytic half-life of T CDD in water (27 to 81h) that was estlmated from

1nf0rmat10n on degradat1on rates in distilled water ‘solutions (SRC 1989b; Howard 1991)

Together these data indicate that aqueous photoly51s is l1kely an 1mportant -fate process in
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shallow water, especially for the lower chlormated PCDDs, during perlods of high incident solar
radiation. It is important to note that the photolysis of hlgher chlorinated PCDD congeners
produces lower chlorinated forms (Miller et al. 1989). Therefore, releases of the less toxic.
H,CDD and OCDD congeners could be significant if photolysis in water resulted ‘in the

formation of the more toxic T,CDD and P,CDD. congehers.

Biodegradation is considered to be a relatively minor environmental fate process in water
(NRCC 1981). In a test of 100 microbial strains, only five of these demonstrated any ability to
degrade T,CDD ‘(Matsumura and Benezet 1973). An unacclimated aqueous aerobic
biodegradation half-life was estimated to be between 1.15 and 1.62 years for T,CDD, and using
the same data, the anaerobic blodegradatlon half-life was estlmated to be between 4.58 and 6.45

years (Howard 1991).

The physicochemical properties of PCDD/Fs suggest that volatilization is likely to be. an
insignificant fate process under most circumstances. Using available data on vapour pressure,
the estimated half-life for T4CDD‘volatirlization from a pond would be .5.5 years, whereas, it
would be 12 years from a lake; the difference likely due to the former having a greater surface

area - volume ratio than the latter (OMOE 1985).- As the vapour pressures of PCDD/FS decrease

 with increasing chlorination, longer hglf—liveS' woula be predicted for the higher molecular

weight PCDD/Fs (Hutzinger et al. 1985). In accordance with these predictions, the volatilization
of 1,3,6,8-TCDD was found to be minimal during the first 34 days after it was added to outdoor
pools (Corbet et al. 1988). Somewhat surprisingly, however, was the detection of éigniﬁcant

quantitiés of radiolabelled-OCDD in air samples collected above the surfaces of outdoor ponds

treated with 340 and 680 ng-L"' (Marcheterre et al. 1985).

'. No data were located on the fate of PCDD/Fs in groundwater. The half-life of T4CDD in |

groundwater was estimated to be between 2.3 and 3.2 years (SRC 1989a; Howard 1991). This

estimate was based on aerobic biodegradation rates observed for this substance in a soil column
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study in which aerobic groundwater was continuously percolated through quartz sand (Kappeler

and Wuhrmann 1978). -

Adsofption to organic matter is the Ihbst important fate process. for PCDD/Fs released into
surface waters; both OCDD and 1,3,6,8-TCDD rapidly partitioned to suspended particulate
matter and dissolved organic mattér in mesocosm studies conducted in northern Ontafio (Servos
et al. 1992a). This information is consistent with other data indiCatjng that the concentrations of
PCDDs in the water phase (including both the dissolved and particulate forms) decline rapidly in
these types of test systems. For example, aqueous half-lives for 1,3,6,8-TCDD in outdoor pools
were estimated to be in the order of 14 to 28.5 h (Corbet et al. 1988). Similarly, aqueous half-
lives of 2.6 and 4.0 d for T,CDD and OCDD, respectively, were ‘repbrted in large lake enclosures
in northern Ontario (Servos et al. 1992a). Therefore, adsorption to organic matter results in the
rapid removal of PCDDs from the aqueous phase of surface waters. In relation to toxicity, this
fate process is important because it decreases the bibayailability of PCDD/Fs in the water
column, or the fraction of chemical that is available for uptake by aquatic organisms (Suffet etal.

- 1994).

~-Another reason that adsorption to organic matter is an important aquatic fate process is that the

PCDD/Fs bound to organic matter are then deposited onto the bed sediments, making sediments

a rﬁajor-sink for PCDD/Fs that enter the water column. For example, after 34 days, 34 fo 80% of
. ‘the .1;3,6,8-TCDD added to test systems were associated with sediments (Corbet et al. 19885.

. Similarly, sharp increases in the concexitra_tion of T,CDD in sedimenfs were observed within
. déys of adding this substance to water in a model aquatic ecosystem (Tsushimoto et al. 1982). It
was ‘also found that when 1,3,6,8-TCDDF is added to sediment/water systems in 1éboratory

- studies, it partitions almost entirely into the sediment phase (Muir et al. 1985a). .

February 9, 1999 ' : 49 ' : . Draft copy for review purposes only
. Guidelines and Standards Division, Environment Canada o : . .+ .~ Do not cite or circulate

b N

* — . DO ——— HEEN 5

. . 5
4 B



4.2 Sediment

PCDD/Fs have high affinities for aquatic sediment and, as such, these substances may
accumulate to significant leveéls in this medium (Czuczwa and Hites 1986). Little information
was found on‘photolysis, hydrolysis, or microbial degradation of PCDD/Fs in aquatic sediments.
The results of several laboratory incubation studies suggest that these fate processes are minor.

For example, after 675 d under stable aerobic conditions, 80% of the radiolabelled 1,3,6,8-TCDD

-added to water/sediment system was still present in pond and lake sediments as the parent

compound (Muir et al. 1985a). Similarly, it was estimated that only 1 to 4% of the T,CDD

added to laboratory sediment/water systems was degraded over a 588 d period (Ward and

Matsumura 1978).

The fate of sediment-associated PCDDs is more complex in test systems that are demgned to
simulate aquatic ecosystems. In a model aquatic ecosystem (roughly 185 m®) that consisted of
water, sediment (4.1% organic “matter), two aquatic . macrophytes (Elodea nuttali and
Ceratophyllum demersum), and fathead minnows (Pimephales promelas), the addition of
3.4 mCi of "“C-T,CDD (initial measured concentration of 53.7 ng'L™") resulted in a rapid increase |
in its concentration in the sedlments (up to 2700 ng-kg' ww) within the first four days of the
study (Tsushimoto et al. 1982). Within 50 days, the concentration of T,CDD in sediment
dropped to 500 ng'kg'ww, and to 97 ng-kg'ww within 365 days. During that period, the
concentrations of T,CDD: in thé macrophytes and fish increased to over 2000 ngkg”' ww,
indicating significant transfer of this substance into biological tissues, primérily from the
sediments. | The macrophyte-assodiatéd T4CDD'accour.1ted for more than 85% of the T,CDD-

radioactivity remaining after 365 days'in this mesocosm. After 750 days, sediment-associated

T,CDD accounted for virtually all of the remaining T,CDD-radioactivity measured in the system.

It was unclear if this radidactivity was associated with increased levels of T,CDD bound to fish -

faeces however, the results demonstrate that T,CDD may undergo complex cychng between the

abiotic and biotic components of the ecosystem.
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In a similar study,.Servos et al. (1992a) invesfigated the fate of 1,3,6,8-TCDD and OCDD in
large (40 m?) enclosures in L'ake. 304 of the experimental lakes area of north-western Ontario. -
These mesocosms consisted of water (2 m deep), sediment (25.4% organic carbon), and the
benthie and planktonic organisms that typically occur in the lake. The results of this study
indicate that these substances are very stable in ‘bed sediments. After 7ZQ days, sediment-

associated 1,3,6,8-TCDD accounted for 57% of the C initially added to the mesocosm.

Likewise, OCDD in sediment accounted for 55% of the radiolabelled-OCDD originally added to .

the test system. In shallow outdoor pools, however, only a small proportion (7.9-17.7 %) of the
1,3,6,8-TCDD originally added to the test system (which included water, sedimenf, rooted plants,
and duckweed) waé associated with sediments after 426 days (Corbet et al. 1988). These
investigators suggested that photolysis, uptake and biotransformation by plants, and degradation
'in sediments were résponsible for the signiﬁcant losses of 1,3,6,8-TCDD observed during the

study.

PCDDs may persist in natural freshwater and marine sediments for long periods (OMOE 1985).

For example, low levels of the higher chlorinated PCDD congeners were found in lake sediments

that were 300 to 1000 years old (Jansson et- al. 1987). Likewise, significant ciuanti‘ties of
" 1,2,3,4,6,7,9-HCDD (52 ng'kg™") and OCDD (320 ng'kg™') were detected in deep sediments from

an inland sea in Japan, estimated to be approximdtely 8120 years old (Hashimoto et al. 1990).

~ These data 1nd1cate that PCDDs may be very stable i in sediments below the blologlcally actlve,

layer (i.e. top 5- 15 cm) particularly in areas with hlgh sedimentation rates

Several biological processes may redistribUte PCDD/F s within bed sedimenté and reintroduce

these substances into the water column. Many benthic orgamsms (e.g., tubificid worms, clams,

: polychaetes) burrow to 51gmﬁcant depths in bed sedlments resulting in the mixing of surﬁmal
sediments with deeper matenals. For example, tubificid worms can mix lake sediments to a -

depth of 10 cm and release contaminants directly into the water column (Fisher et al. 1980; 3
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Karickhoff and Morris 1985). Similarly; clams can burrow up to 20-30 cm into bed sediments
(Lee 1991). Polychaéte's are even more effective, burrowing to depths of 50 cm and accounting
for more than 90% of the movement of hydrophobic organic contaminants in certain locations

(Karickhoff and Morris 1985; Eadie et al. 1988). Historical deposits of PCDD/Fs now found in

deep sediments, may therefore be redistributed to less contaminated surficial sediments through A

bioturbation. Uptake by, and death of, aquatic organisms may represent an important cycling

process for sediment-associated PCDD/Fs (Tsushimoto et al. 1982).

In summary, PCDDs are very stable in sediments and, therefore, tend to pefsist for extended
periods in this environmental matrix; fate proceéses such as photolysis, hydrolysis, or microbial
degradation of PCDD/Fs are believed to be insigniﬁcant. As such, PCDD/Fs that are associated
with bed sediments may represent long term sources to the aquatic food web (Kuehl et al. 1987b; -

Muir 1988).

4.3 Aquatic Biota

Aquatic organisms may be exposed to PCDD/Fs through direct contact with water and sedimenf,
and through the consumption of contaminated food. The relative importance of each of these - -
exposure routes is likely to differ significantly between species and even between various lifeA
stages. Batterman et al. (1989) evaluated the importance of each of these exposure routes in lake
trout (Salvelinus namaycush) and concluded that bioaccumulation occurs primarily throughithe
consumption of contaminated prey species. For carp (Cyprinus carpio), however, PCDD/F
contaminated bed sedinlents‘may represent the_primary exposure route (van der Weiden et al.
1989b). Direct eXposure to_PCDD-contaminated ‘water has also resulted in bioconcentration of
these substances in the ‘ti.ssue‘s of rainbow trout (Oncorhynchus mykiss) anci fathead minnows
(Muir et al. 1985b,cj. One study on guppies (Poecilia reticulata) under controlled laboratory

conditions suggests that for this species water exposure may be a more important uptake route
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for PCDD/F's than ingestion of contaminated food (Loonen et al. 1993).

_PCDD/Fs are highly hydrophobic substances and, as such; ére readily.aclcumulated in the tissues
of aquatic' biota. Yet,  PCDD/Fs are atypical of chlorinated aromatic hydrocarbons with
comparable hydrophobicity (i.e. polychlormated benzenes and biphenyls) because their uptake
rates are significantly- reduced relative to these other compounds (Grimwood and Dobbs 1995)

As such, the bioaccumulation of these substances cannot be accurately predicted from their
physicochemical propertles (such as log K,.; Table 5). Rather, the rate and extent of PCDD/F
accumulation in aquatxc organisms is dependent on the position of the chlorine substltutlon the
slze of the molecule, and elimination rates (Adams et al. 1986; Kuehl et al. 1986; vOpperhulzen
and Sijm 1990; Sijm et al. 1990). In a study oﬁ the uptake, bioconcentraﬁon, and depuration of
six PCDD congeners in rainbow trout and fathead minnows, high uptéke rates for the T,CDD
énd P,CDD congeners were reported, while the higher chlorinated congeners were taken up more
slowly. (Muir et al. 1985b; c¢). Likewise, Muir et. al. (1990) observed high assimilation
efficiencies (41 to 44%) when rainbow trout were administered 2,3,4,7,8-PCDD in theif diet,
while lower efficiencies were observed for the H,CDD (37%) and H7CDD (13%) congeners

(Muir and Yarechewski 1988). Assimilation efficiencies for five other congeners, including

2,3,4,7,8-P,CDF (22%), H,CDD (8%), H,CDF (5%), OCDD (2%), and OCDF 10 1%) were

relatlvely low in the guppy (Clark and Mackay 1991; Loonen et al. 1991)

Following uptake, PCDD/F s are distributed throughout the tissues of aquatic organisms with
preférential accumulation in tissues with high lipid content (i.e., >4%; Sijm et al. 1990). In
rainbow trout, the muscle, skin, liver and intestine were major storage sites for T4CDD, P.CDD,

: and P,CDF (Sijm et al. 1990). Greater than 90% of the T CDD extracted from rainbow trout,

' followmg a 13 week exposure period, was found i in the visceral fat, carcass, skin, pyloric caeca,
and all fatty tissues (Kleeman et al. 1986a). Similarly, nearly 80% of the total body burden of
T4CDD in yellow perch was contained in the carcass (including head, fins, bones, and

V‘ . qanilaginous material) and visceral fat (Kleeman et al. 1986b). -
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Limited information is available on-the biotransformation of PCDD/Fs in aquatic organisms.

Kleeman et al. (1986b) found that of the T,CDD administered in the d1et of. yellow perch,

between 1 and 3% was transformed w1th the gallbladder contalnmg almost all .of the T,CDD

* metabolites.- One of these metabolites was 1dent1ﬁed as a glucuronide conjugate. These data are

supported by the results of a more recent study; in Which biotransformati_on' of ‘T,CDF to a
glucuronide conjugate in rainbow trout was observed (Muir et al. 1992a). | .

tos

PCDD/Fs tend to be relativeiy'persistent in the tissues of aquatic biota. A depuration half-life of

18 wk was reported for yellow perch administered a single oral dose of T,CDD (Kleeman et atl.

1986b). Similarty, the depuration half- lives for T, CDF and P;CDF in rainbow trom were |
approx1mate1y 10. wk (Muir 1991) In contrast, it. was reported that 1,3,6,8-TCDD and P;,CDD
were ehmmated rapldly from rambow trout fry and fathead minnows, with average half lives of
2:6 and 3 d, respectrvely (Muir et al. 1985b). The half-lives of the higher chlorinated H,CDD
and H,CDD were longer in both rainbow trout (16 d) and fathead minnows (20 d) than the lower
chlorinated congeners. These data -suggest that elimination rates are ‘species, l.ife' statge, ‘and

congener specific.
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5. BIOCONCENTRATION, BIOACCUMULATION, AND BIOMAGNIFICATION

‘Bioaccumulation and bloconcentratlon are” sometimes used 1nterchangeably to describe the

accumulatlon of « organlc contamrnants 1n blota however the two terms have drfferent meanmgs -

.and are dependent on the routes by whrch a contammant is accumulated. Bloconcentratlon refers

“to the drrect uptake of compounds from water across the gills and retention in the trssues of -

‘ aquatlc organisms, whereas bioaccumulation 1nvolves the blologrcal uptake of substances’ from
. all compartments, including water, food, and sedrment (Branson et al. 1985,, Muir et al.. 1992b).
Biomagniﬁcation_refers to the increase in tissue conce_ntrations of: aceumulated chemicals from
one trophic level to the next (ie., organisms contain higher.concentrations of the substance than

" their food sources). -

5.1 -Bioconéentration/Bioaccumulation' from Water .

Bloconcentratlon data are generally reported as . bloconcentratron factors (BCFs) Wthh are

"defined. as the contaminant concentration measured in the biota divided by the contammant

concentration in the water. Ideally, the BCF should reflect a steady-state condition, where the

BCF remains constant over time and is described by Oliver and Niimi (1985) in the following

. equation:
BCF =C,/C, =k/k,

where:

-BCF = bioconcentration factor;
G, = chemical concentration in the organism (mg-kg"' ww);
C, = chemical concentration in th LY
w emical concentration in the water (mg-L™);
-k, = uptake rate constant; and
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k, = elimination rate constant.

According the Toxic Substances Management Policy, a substance is considered bioaccumulative |

if its BCF i fish is greater than 5000 (Government of Canada/Environment Canada 1 995). '.

The drstrnctlon between bloaccumulatlon and b10concentrat10n 1S’ sometimes lost in the 11terature :

: Many research efforts have been devoted to measurmg PCDD/F accumulatlon in fish from both

processes but frequently values reported as bioconcentration factors are in fact, bioaccumulation |
factors (BAFs), because they include contributions to total body burdens from food and sediment |
as- well as water exposure pathways. For example, H‘BCFS’ derived from ﬁeldﬁdata arefnot .
considered true BCFs'because presumably ‘organisms in the field would be ingesti‘ngpfood'

containing PCDD/Fs in conjunction with uptake across the gills. It is also possible _that these

“organisms may be taking up PCDD/Fs through contact or ingestion of 'co_ntaminated sediment.

The duration of exposure, levels of dissolved organic carbon, concentration of the congener in

the water, and species and life stage of the test organism rnay affect the BCF. A sunlmary of .

_ published, laboratory derived, BCFs reflecting only uptake from water is provided in Table 12.

The BCFs listed in Table 12 have been converted to lipidébased values wherever possible to
facilitate comparisons between different life stages and species; conversion to a lipid basis rather

than a wet weight basis removes some of the variability associated with different species of

‘aquatic organisms'. and different life stages. Table 12 is restricted to information that concerns

2,3 7'8-substituted congeners as these are the most toxic forms and are generally the only

_congeners - reported in tlssue samples of hlgher orgamsms (van den Berg et al 1994).
~ Information pertaining to 1nvertebrate species is not 1ncluded because studres contammg data on
| the uptake of PCDD/Fs were invariably confounded by the contrlbutlon to total exposure by

' contamlnated foodstuffs

-From. the avail_a_ble data it appears that BCFs atsteady-state or estimated at steady-state are
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' h_ighest for T4CDD with BCFsy;4 ranging from 50 900 for rainbow trout (Servos et al. 1989) to

~ 5100 000 for medaka, Oryzias latipes (Schmie'der et al. 1995). A geometric mean BCFlipid of

175 245 was calculated for T,CDD from the available steady-state (or estimates thereof) data for
" ‘resident ﬁsb species. Penta-chlorinated dioxins and furans also bioconcentrate to-relatively high

levels; the BCFs;,; for 1,2,3,7,8-PCDF/1,2,3,4,8-PCDF, 2,3,4,7,8-PCDF, and 1,2,3,7.8-PCDD

were 21 400, 240 000, and 331 000, respecti\}ely in gupp'res (Loonen et al. 1994a). The ‘BCFs,;q-

- at steady-state (or _estimates thereof) for hexachlorinated congeners are slightly lower, indicating -

that they do not accumulate to as great a degree as do pentachlorinated dioxins and furans. . For

~ the hexachlorinated dioxins and furans, the BCFs;;q4 ranged from 11 360 for 1,2,3,4,7,8-HCDD -
| 'i_n rainbow trout (Servos et al. 1989) to 174 000 for 1',2,3,6,7,8-HCDD and 1,2,3,6,7’,8—HCD'F‘- in 4_
guppies (Loonen et al. 1994a). T,CDF accumulates to an even lesser .degree with BCFs;q
ranging from 21 400 in guppies (Loonen et al. '19945) to 120 980 in rainbow trout (Mehrle etal |
1988). | Higher;chlorinated congeners (i.e.,' ‘hepta- and octa-chlorinated) show the least_ '

+ at a minimum of 2 710 in fathead minnow for 1,2,3,4,6,7,8-HCDD

accumulation with a BCFy;
| (Muir et al. 1985b).  High BCFSlipid have been measured for the latter congener (560 540 and
. 635780 in rainbow ‘trout; Servos et al. 1989)‘ in relation to the maximum recorded for the
‘ heptachlorinated furans and. octachlorinated congeners (BCF}4 =

in guppies; Loonen et al. 1994a).

The molecular sii‘e and/or the solubility characteristics of the molecule may explain the decrease
~in broaccumulatlon observed with the hlgher chlorinated congeners (i.e., the hexa— hepta- and

octachlormated d10x1ns and furans). It has _been proposed that membrane permeation by

- hydrophobic eompounds that have .an effective cross section'larger than 0.95 nm would be

; minimiz'ed,‘thus preVenting uptake via the gills (Opperhuizen and Sym 1990). This idea has

been substantiated by other authors who found that the low BCFs of hexa- and octa-chlorinated - "

congeners were pnmarlly due to steric and solublhty factors affectlng membrane permeatlon ‘

‘»rather than to low bioavailability caused by binding with orgamc carbon (Muir et al 1985b,c;

Gobas and Schrap 1990) Strong b1ndmg ‘with orgamc carbon is associated with compounds that
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- have low water solubility, and has been put forth as another explanation for the low accumulation

of the higher chlorinated congeners observed in aquatic organisms. Low water solubility may
also account for low bioaccumulation because compounds with low water solubility require long

times for steady state conditions to be attained. Molecular 'size, water solubility, and sorption to

‘organic matter are related issues that may affect the uptake of the higher chlorinated dioxins and

furans.

To summarize, a11.2,3,7,8-subs'tituted PCDD/Fs are readily concentrated in the tissues of aquatic
organisms, with the higher chlorinated PCDD/Fs bioaccumulated to a lesser degree than the
lower chlorinated congeners. The BCFs;,, recorded for T,CDD were the highest of ‘all
congeners and, therefore, may be used as a conservative measure to estimate uptake of PCDD/F s
from water only (not including uptake from food or sediment exposure). A geometric meah
BCF .4 for T4(;DD of 175245 was calculated from the available steady-state (or estimates
thereolﬂ data for resident fish species, reflects species differences, differential exposure
conditions (i.e., variable water conc;entratibns, dissolved organic carbon levels in the water etc.),

and various life stages.-‘ This number, however, reflects only freshwater conditions as data

" pertaining to marine/estuarine environments were not located.

5.2 Bioaccumulation from Sediments

—

7

~ Bioaccumulation via the food chain, originating in the organic fraction of the sediments, is an
“important path of uptake of PCDD/Fs by aquatic organisms. In a mesocosm study, it was

- demonstrated that emerging aquatic insects alone are capable of removing a small, but

biologically significant, portion of T,CDF from sediments each year (Fairchild et al. 1992).

. Aquatic insects are a significant food source for many aquatic and terrestrial predators. As such,
they are 'likely an important link between sediment-associated contaminants and food chains.

‘Hence, the sedirhénts, and in'particular the organic fraction, serve as a reservoir for uptake of
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PCDD/Fs by benthic organisms at the base of the food chain.

While BCFs describe the relationéhip between the concentration of a compound in an organism
and the level of the compound in the surrounding aqueous environment, attempts have also been
made to link sediment concéntrations of PCDD/Fs with concentrations in invertebrates and fish
| (Carey et al. 1990; Cook et al. 1991; Muir et al. 1992a, B). Due to the affinity of PCDD/Fs for
the fatty tissues in orgéﬁisms and for the organic fraction of sediments, a biota-sediment
accumulation factor (BSAF), sometimes called a bioavailability index (BI), 1is commonly used to

characterize the tissue/sediment relationship. = This BSAF is an -accumulation factor

(concentration in organism on a lipid (ww) basis divided by the concentration in sediment

organic carbon) that assumes equilibrium of the contaminant between the two compartments.

- Adjusting or normalizing for lipid content of the organism and for organic carbon content of the -

sediment generally reduces data variability: For example, no statistically significant

- relationships were found between concentrations in sediment and concentrations in suckers and

whitefish unless the data were normalized (Muir et al. 1992a). Similarly, Lake et al. (1990)
found that normalizing BSAFs for PCBs in molluscs and polychaetes also reduced variability, as

did Carey et al. (1990) for T,CDD in several Lake Ontario fish species.

Field and laboratory BSAFs for PCDD/Fs for freshwater and marine/estuarine organismé are
summarized in Table 13. Due to the limited avéiiable data, it is difficult to assess differences in
" BSAFs for T,CDD betweeh freshwater and _marin'e/estuarine environments. In general, it can be
concluded that fish consuming detritus at the ‘sediment-water interface (i.e., suckers, carp, BSAFs
A  =0.14 to 0.96; Mah et al. 1989; Muir etl al. 1992a), fish preying on filter-feeding inseétsl(i.e.,
. ;whiteﬁsh,-BSAFs = 028 — 1.88; Mah et al. 1989 as reported in Muir et al. 1992a, Muir et al.
'1992a), and invertebrates residing in or on the sediments (i.e., worms‘,'ciams, BSAFs = 0.14 to

. 0.93; Rubinstein et al. 1990; Schrock et al. 1997) have the highest accumulation factors; pelagic
épecies such as lake (Salvelin.us namaycush) and brook trout (Salvelinus fontinalis) and

“smallmouth bass (Micropterus. dolomieui), which have relatively much less contact with the
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sediments, have comparably lower BSAFs for T, CDD (0 03 to 0.11; Carey et al. 1990, Cook
1990). Field- der1ved BSAFs of 1 to 3 were est1mated for four 2,3,7,8 substituted PCDD/Fs in
lake trout wh1le values for other congeners were well <1 (Niimi 1996) Other studies reviewed
by this author suggest little difference between BSAFs for lateral (2,3,7,8 substituted) and non-
lateral substituted PCDD/Fs (Niimi 1996).

Clearly, site-specific conditions such as the concentration of the compound in the sediment and
percent organrc matter will mﬂuence the magnitude of field-derived BSAFs The type of tissue
(e.g., liver, muscle etc.) in Wthh the compound is measured may also affect the BSAF.

Moreover, it is difficult to ascertain whether the assumption of steady-state condmons has been
met for field-derived data therefore some of the variability in the data may be due to' v1olat1ng
this assumption. Finally, for much of the data contained in Table 13, sediment _concentratmns of

the compounds in question were not analytically detectable so best estimates were calculated -

using detection limits of the compound in sediment. While there is a certain amount of

variability inherent to BSAFs, these measures provide valuable estimates of uptake of PCDD/Fs
by aquatic organisms in relation to exposure to contaminated sediments. An overall BSAF for
T4CDD was calculated separately for the ' freshwater and marine/estuarine environments.

Laboratory and field-derived data were combined for each type of environment (i.e., freshwater
versus marine/estuarine )' and BSAFs calculated based on non-detectable concentrations (set at .
detection limits).in the sediment were included in the determination of overall BSAFs because

the degree of variability in the BSAFs appeared to outweigh the error associated with a particular

- method of estimation (i._e., field vs. lab, detectable levels in sediments vs. non-detectable levels). -

Data for guppies and eels (4nguilla anguilla) were. not included in the calculation, as these

-species do not occur in Canadian waters. Conversely, the BSAFs for orgamsms from Rice

Creek, Florida were 1ncluded in the calculation of the overall BSAF for marine/estuarine - data

- _because the spec1es sampled are found in Canadlan waters The geometric mean BSAF for

T,CDD, representlng an overall BSAF for freshwater environments calculated from the available

data is 0. 30 whrle the overall BSAF for marine/estuarine env1ronments is 0. 14
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5.3 Bioaccumulation and Biomagnification

While >it is generally accepted that the food chain is the ntajor source of lipophilic halogenated
aromatie hytlrocarbons for wildlife, the trophodynamic behaviour of PCDD/Fs is poorly
understood. PCDD/F s appear anomalous cotnpared to other halogenated aromatic hydrocarbons
in that they do not tend to biomagnify to an appreciable degree (Grimwood and Dobbs 1995;
Niimi 1996). For example, biomagnification factors (BMFs) for PCDD/Fs, althodgh variable,

were typically <1 over several trophic levels in a Lake Ontario food chain. In contrast, BMFs for ‘

PCBs in the same study often exceeded 100 (Niimi 1996). This author suggested that dietary
adsorption efficiencies for PCDD/Fs, which are consistently lower and more variable than those

for PCBs, and high elimination efficiencies could largely account for the lower BMFs observed

' ‘for PCDD/Fs.

Low BMFs have also been reported for mammalian and avian species that consume aqliatic
biota. For instance, BMFs for mink (Mustela vison), normalized to an average consumption of

0.22 g of food:(g of mink)"-day” and based on a 40% carp diet, were 6.4 to 74.2 for PCDDs and

<1 to 75.8 for PCDFs (Tillitt et al. 1996). In general, the BMFS increased with the degree of

chlorination (Tillitt et al. 1996). Estimated BMFs for herring gulls (Larus argentatus)
consutning aletvife (dlosa pseudoharengu;y) are 32, 20, 14, 6.6, Etnd 1.3 for T4CDD, 1,2,_3,6;7,8-
HCDD, 1,2,3,7,8-PCDD, 2;3,4,7,8-PCDF, and 2,3,7,8-TCDF,'vrespectively '(.Braune ‘and
Norstrom '1989). ‘The liver of these birds contained 5 to 55% of the totei body burden.' In

addition, these toxicants were transferred from mother to egg with the highest concentration in

- the eggs rebotted as 83 ng-kg” ww for T,CDD (Braune and Norstrom 1989). As chlorination:

' ihcreased maternal transfer of PCDD/Fs to the eggs decreased desp'ite‘ increased PCDD/F

retention in the mothers’ livers (Braune and Norstrom 1989). ‘Once hatched chlcks may . also

uptake PCDD/Fs an uptake rate for 1,2,3 6 7 8- HCDF of 0.001 ng-d" has been reported for
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Forster’s tern (Sterna forsteri) chicks; with greater concentrations of 1,2,3;6,7,8-HCDF,

1,2,3,7,8-PCDD, 1,2,3,6,7,8-HCDD, and 1,2,3,4,6,7,8-HCDD occurring in the chicks than in the

- eggs from the same nest (Ankley et al. 1993). In a study of the accumulation of PCDD/Fs in

eider ducks (Somateria mollissima), it was found that only 10% of the total PCCD/Fs were
retained in the tissues of the ducks, although, of the most toxic congeners, 57% were retained in -
the tissues (Broman et al. 1992). This study also found that althbugh the total concentration of
PCDD/Fs decreased with increasing trophic level, the most . toxic congeners teﬁdéd to

biomagnify. :

In harbour porpoises (Phocoena phocoena) on the Dutch coast, PCDDs and PCDFs were found
in low concentrations of up to 4.6 and 2.1 pg-kg™ fat, respectively (van Scheppingen et al. 1996).

The authors found that PCDD/Fs _concehtrations in porpoises were lower ‘than those found in

' herring from the same area. Moreover, PCDD/Fs in porpoises contributed <0.5% of the "total

TEQ (PCDD/Fs and PCBs). :The authors concluded that PCDD/F s‘do not bibmagnify in this

food chain. Similarly, harbour porpoises off the coast of California did not have any detectable

‘concentrations of PCCD/Fs, although, in the same study, harbour porpoises off the coast of

British Columbia had concentrations of 1,2,3,6,7,8-HCDD of up to 128 ng-kg" ww blubber and
2,3,7,8-TCDF of up to 43 ng-kg' ww blubber (Jarman et all. 1996). The authors attributed this
difference to the greater number of pulp mills in British Columbia than in California. The
relative contribution of bioconcentrated and bioaccurﬁulated PCDD/Fs were 'hot addressed in this

study.

In a study of trophic transfer from Canadian ringed seals (Phoca hispida) to polar bears

(Thalarctos maritimus), all seal éamples and all but one polar bear had detectable TCDD at

concentrations ranging from 2 to 37 ng-kg™ blubber. All ringed seal samples contained 2,3,7,8-

TCDF at levels of 2 to 7 ng-kg" blubber, but TCDF was not found in any bear sample. No other

' PCDF ’congenefs were found in seals or bears. - 1,2,,3,6.,7,8-HCDD was found in only two of the

ringed seal samples (8 and 9ng-kg'? blubber) and none of th¢ polar bear samp_leé. "OCDDA
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concentrations were found in four of the seals and all but two of the polar bear samples up to
43 ng-kg"' blubber (Table 14). The authors concluded that TCDD, OCDD, and TCDF do not

biomagnify from seal to bear (Norstrom et al. 1990).

The abov;: data is based on a limited literature - search; therefore, no concrete éonclusions
regarding bioaccumulation or biomagnification of PCDD/Fs can be made at this time. From the
data presented here and below in Section 6.5, it appears that PCDD/Es can> accumulate. to
appreciable levels in animals.but that biomagnification does not occﬁr; the greatest BMF
reported were 32 and 76 for herring gulls and mink, respectively (Braune and Norstrom 1989;
Tillitt et al. 1996). The accumulation of PCCD/Fs méy still pose a threat to higher organisms. In
a hazard assessment study of the effects of TCDD through the food chain, Loonen et al. (1996)
concluded that fish-eating birds and mammals were at a greater risk of detrimental effects from
the accumuiation of T,CDD. The authors found, through back calculation to water
concentrations, that the no effect concentrations in water were iower for birds and mammals than

for fish and invertebrates (Loonen et al. 1996). -
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6.1 Air

6. ENVIRONMENTAL DISTRIBUTION AND LEVELS " -

Dioxins and furans enter the enivironment through both natural and anthropogenic sources -(see

Chapter 3). Though they- have never been commercially manufactured, they aré produced as

_ unintentional by-products or- trace impurities® (Fiedler and Hutzmger 1990). Nevertheless

dioxins and furans are wrdely d1str1buted in env1ronmental media (1.e.,,a1r, soil, sedlm_ent,-water,
and biota). As dioxins and furans are very.hydrophobic they tend to concentrate in sediment,
soils, and bioaccumulate in aquatic and terrestrial biota (see Chapter 5). There is a relatively
large amount of information in the sc1ent1ﬁc literature regardlng PCDD/F concentratrons 1n the
Canadian environment. The purpose of the followmg discussion is to provide an overv1ew of the/ .
distribution and levels of PCDD/Fs in Canada. Available data on the levels of PCDD/F s in the -

Canadian envrronment are presented in Tablés- 14 through 30.

- As part of an initiative by the Canadian Council of Resouirce and Environment Ministers (now -

the CCME) methodology development for ambient air monitoring for PCDD/F began in 1987
(Steer et al. 1990). Since that time, standardlzed analyt1cal and sampling methods have been

developed and are in use at monrtormg stations across Canada (Dann- 1998)

Steer et al. (1990) monitored PCDD/F ‘conCentrations at three sites'in Ontario from 1988-1 989'
(Table 1'5)-, -T,CDD and T,CDF concentrations ranged from-0.05 — 1 and 0.02 — 1 ‘pg'm'3,.

. 'respectively. The three.sampling-_ sites were Toronto Island, Dorset and Windsor, ON. The

authorsreported that contributing sourrce types (e g., waste incineration vs. chemical production

' ‘sources) 1dent1ﬁed by the variation in SpeClﬁC PCDD/F congeners detected were substantlally

d1fferent in W1ndsor than both Toronto Island and Dorset
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' Bobet et al (1990) reported on PCDD/F levels detected in the first year of operatlon of an

ambient air momtonng network in Southwestern Ontarlo Sample sites included Windsor and

‘_Walpole Islan_d, ON.. Levels of T,CDD and T,CDF were below detection limits at both sites.
Other PCDD/F congeners were also detected and reported. The total mean. PCDD and PCDF

- concentrations reported for Windsor were 2.12 and 0.46 p.g-m'3 respectively. For Walpole Island -

the total mean PCDD level was 0.51 pg'm™. No PCDF was reported for Walpole Island..

Environment 'Canéda“maintains a National.Air Pollution Surveillance (NAPS) network that

i sémples'ambient air concentrations of PCDD/F among other substances in Canada (Dann 1998).
The samphng equlpment 1ncludes a high-volume sampler with a dry- gas meter or. rotary vane

metér and a filter-sorbent samphng system to collect particulate plus vapour phase PCDD/F.

'Dally samples are taken from 34 momtormg sites, but the historic record for momtormg data at . -

' most of the sites is limited. T,CDD and T,CDF levels range from 0.004 to 0. 19, and 0.001 to:

0.05 pg_-m , respectlvely for 1994-1997. Dann (1998) found .that mean TEQ concentratlons

(based on I-TEFs) across Canada ranged from 0.1 pg'm” at a site in Toronto to 0.001 pg'm” at

St. Andrews, NB. = -

* In British Columbia, a monitoring program was used to determine baseline levels of dioxins and

~ furans in‘an assortment of environmental media not impacted by pulp and paper mills -‘(Vanﬂ .

' OoStdam and Ward 1995). Inall, 53 backg‘round soil samples were collected across the province

) (Table 16) with concentrations- ranging from below detection to 0.057 pg TEQkg" dw, and an’

average of 0.005 ug T'EQ-kg‘1 dw (based in I-TEFs). Background soil samples are believed to be
" representative of ambient levels in the environment (Van Oostdam and Ward 1995). The CCME

" remediation critéria for agricultural soils is 0.01 pg TEQs-kg" dw, and for residential parkland

~ and soils is 1 pg TEQ'kg" dw, both based in I-TEFS (CCME 1991b). None of the 53 background |
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- soil. samples collected exceeded the res1dent1al/parkland soil _criteria,- however, nine of the

samples did exceed the agrlcultural so1ls criteria (Van Oostdam and Ward 1995). In add1t10n to
the. background soil samples, 31 .samples from areas close to potential contamination sources

(termed primary soil samples) and 137 sample from areas directly impacted by the primary-

" source (ternted secondary samples) were also collected (Van Oostdam and Ward 1995). The .

average TEQs;(based in I-TEFS) for primary and secondary soil samples in British Columbia
were 0.252 and 0.242 ug-kg' dw, respectively. Overall, levels of dioxins and furans in.British
Columbia are variable. Elevated levels of dioxins and furans in the environment ‘may be due to - -
past and/or present industrial activities either at a particular site or in the proximity (Van Oosdam

and Ward 1995).

Mcl;aughlin et al. (1989) 'reported dioxin and furan levels in soil surrounding a large municipal

waste incinerator in Hamilton, ON, in 1983. Fourteen locations, including' three control sites

Were sampled (Table 16). The highest concentration of -PCDD/F detected was 3.5 pg-kg" dw for '. B

OCDD from a sample taken 1260 m southwest of the mumcrpal incinerator. A similar value of
3.2 ug OCDDkg' dw, was detected at one of the urban control sites well removed from the
incinerator. Generally, no s1gn1ﬁcant differences in dioxin and furan levels were noted between

the soils of the urban control sites and locations immediately surrounding the incinerator.

Chemicals used in Wood' 'preservation (e.g., pentachlorophenol and creosote) are known to

contain PCDD/F impurlties (CCME 1997; Wan and Van Oostdam 1995). Railway. ties, trestles,

and utlhty and telecommumcat1on poles are commonly preserved using these chemicals. Soil in

contact thh preserved wood can become contammated by PCDD/F Soil contammat1on can
occur due to chemrcal exudatron bleedlng via grav1tat1onal forces transport through surface

runoff and leachrng processes of the preservatlve chemicals and impurities into the soil (Wan and

Van Oostdam 1995). In 1990 and 1991 samples taken from farmlands utility and ra1lway right-
- v.'of-way (ROW) d1tch sedrments 1n the Lower Malnland of Bntrsh Columb1a were tested for
~_ PCDD/F contammatlon Sedlment levels of 3. 7 ke kg dw PCDD and 0.7 pg: kg dw PCDF
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 were detected in farmland ditches (Table 17; Wan and Van Oostdam 1995). Levels of PCDD/F

j1n rallway ditch sedrments were much higher than the dioxin and furan concentrations detected in
‘ farmland d1tches (e.g,, 18.8 pgkg' -dw PCDD and 6.5 pg'kg' dw PCDF) (Wan and VanA
Oostdam 1995). - ~The authors concluded that levels of PCDD/F detected in farrnland ditches

var1ed accordmg to the. location of potentlal contam1nat10n sources, such as rallway ties and

telec_ommunlcatlon‘_poles (Wan and Van Oostdarn 1995).

Baker and Matheson (1981) reported PCDD/F concentrations at two wood preserving ‘sites in

~ Nova Scotia and New Brunswick. The highest concentrations of dioxins and furans were found

R on the property of the woo‘d preserving plants. The plant in Truro, NS had estimated H,CDD .and
- H,CDD concentrations of 10 and 100 ug-_kg"_ dw, respectively. In Newcastle, NB a similar

'pattem was 'found ConCentrations of "'H,CDD and H, CDD were estlmated at lOO. and
'1000 ug: kg dw respectlvely, and OCDD was. detected at 1500 pg: kg dw on the wood
4 preservmg property in New Brunswick (Table 16).

6.3 | Water

- Canadian surface waters may be contaminated with dioxins and furans from an assortment of

envrronmental media 1nclud1ng atmospheric deposmon efﬂuents from pulp and paper mills

: ) us1ng chlonne bleachmg, chemical manufacturlng, waste 1nc1nerat10n petroleum refining, and .
’]-isewage sludge among others (Kuehl et al.1987; Hicks and McColl 1995; Shefﬁeld 1985). There -

-, are d1fﬁcult1es assomated with analyzing amblent water for these substances at ultra—trace levels -~

‘_because they are adsorbed by part1culate matter or are rapldly taken up by biota (Fledler and

. A'Hutz1nger 1990)

" In the sprlng of. 1992, Environment Canada initiated water quality investigations'in a 200 km

-range of the Ath_abasca River _(from Hinton to Whitecourt, AB) under the Northern River Basin |

Y,
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Study (NRBS). PCDD/Fs were detected in the Athabasca River at low levels, some of which
continued for 230 km downstream of Hinton. Sampling was performed on the Athabasca River
at sites often influenced by pulp mill effluent and/or sewage treatment plants.. The 2,3,7,8-
homologue was the only T,CDD detected from Hinton combined effluent (0.35 pg-L"'; Table 18).
2,3,7,8-T,CDF (0.78 pg-L") was detected in the water from Hinton combined effluent, and four
other T,CDFs were also detected, with 2,4,6,8-T,CDF (75 pg-L"') being the major component
(Crosley 1996)

In 1989, Alberta Environment collected raw and treated drinking water samples from seven
municipalities in upstream and downstream locations of existing kraft mills and analyzed these
samples for PCDD/Fs (Table 18; Alberta 1991). Most of the samples had PCDD/F

concentratlons below the instrument detection limit (Alberta 1991)

Public 'perception surrounding the presence of chlorinated dioxins and furans in bleached kraft
mill effluent resulted in 'concems_ with respect to the potential impact of mill effluents on
drinking water supplies in Alberta municipalities (Milos 1990). In 1989, a dioxin/furan sampling
program was initiated for a few chosen communities downstream- of existing pulp mills (Milos
1990). Raw and treated water samples were collected from seven municipalities (Table 18). No
dioxins or furans were measured within the limits of the method detection level (detection .limit

in the fange’ of 6-70 pg-L"' depending upon the congener group) at any of the sites. The authors

concluded that there was no evidence of a problem with dioxins or furans in raw or treated

drinking waters downstream kfronll existing ,bl.eacyhed kraft discharges in Alberta (Milos 1990).

In November,_ 1988, a directive to close the ctab ﬁshery near a pulp mill in Prince Rupert, BC as

well as the crab, prawn, and shrimp ﬁsherles in the Howe Sound areas near the Woodfibre and

Port Mellon pulp mills was 1ssued by the Federal Department of F1sher1es and Oceans (BCMOE

- 1989) As a precautlonary measure for nearby communities, dr1nk1ng water samples were .

; collected from twelve 51tes whose intake sources are downstream of pulp mllls effluent
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discharges (with the exception of one site - Quesnel sample - which is upstream from the

influence of the two Quesnel mills) (Table 18) (BCMOE 1989). The majority of the measured |

PCDD/F levels were less than the analytical detection limits (BCMOE 1989). In 1989,

‘groundwater samples in British Columbia were collected and analyzed for PCDD/F (Table 18).

No dioxin or furan levels were detected (BCMOE 1989).

In 1980-1981, water samples were collected from 13 water treatment plants scattered throughout
Ontario to.examine levels of PCDD (Table 18). PCDDs wére not detectéd in any of the samples
(n=20; DL = 1000 pg-L"; OMOE 1985). In 1980 to 1982, water samples were analyzed for
-PCDDs. from nine water works in Western Lake Ontario. The detection limit for the water
samples was 250 pg'L"' T,CDD. A total of 143 sampled were analyzed and none of the water
samples exceeded the detection limits for T,CDD (OMOE 1985). | o

Precipitation was measured in two sites in Ontario, one rural. location (Dorset) and one urban

~location (Toronto Islands), from 1986-1988 (Tashiro and Clement 1989; Reid et al. 1990). The

congener detected most often in the precipitation samples was OCDD (range: 60 to 1200 pg-L") - -

.(Table 19) (Tashiro and Clement 1989). PCDD/F levels at the rural location were generally

higher than concentrations received at the urban site (Reid et al. 1990). ‘In Dorset, samples taken

in the winter months had the highest PCDD/F concentrations. - The authors suggest that the high_

concentrations in the winter months were due to residential wood burning, which is expected to

be.more prevalent in rural areas (Reid et al. 1990). Overall, PCDD. and PCDF levels in

. precipitétion samples throughout Ontario were very low.

6.4 . Sediment
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- 6.4.1 Freshwater Sediment

Trudel (1991) examin_ed levels of PCDD/F in sediment at numerous sites in Ontario and found
pulp mill effluent discharges to be a major source of dioxins and furans. Sediments are
considered “highly” to “very highly” contarninated when.PCDD/F concentrations range from
60-200 to 200-600 ng TEQ-kg" dw, respectively (Table 20) (Trudel 1991). T,CDD and T,CDF
co.ncentrations reached as high as 66 ng'’kg”' dw and 1200 ngkg'dw (%OC= 4.8), measured

- downstream from a pulp mill on the Wabigoon River, near Dryden. The reported TEQ (based on
'I-TEFs) for this site was 208 ng-kg" dw (Trudel 1991). The highest TEQ (270.4 ng-kg™" dw,

%0C=3.26) was fouhd downstream from a pulp mill at Red Rock, Lake Superior (Trudel 1991).

In Québec, the majority of the sediment collected from the area surrounding pulp and paper mills

‘was determined as having “intermediate” PCDD/F contamination levels (<60 ng TEQ-kg™" dw)

(I-TEFs; Trudel 1991). The only TEQ level above 60 ng'kg"' dw in Québec (63.9 ng TEQ-kg’
' dw; %0C=3.81) was found down_strgam from a pulp and paper mill in Quévillon River (Trudel
1991). - Most sediment samples in New Brunswick and Nova Scotia also fall under the
“intermediate” sediment contamination levels category for dioxins and furans, however,
sediment c;)ntalhiflation lévels from Miramichi River, NB were detected at a level of
91 ng T,CDF-kg" dw, (%OC=8‘.‘32), at an upstream location from a pulp and paper mill, and
34ng T,CDFkg" dw, (%0OC=2), at a location downstream from a pulp and paper mill. Trudel
( 1991) also reported elevated concentrations of total H,CDD and -OCDD of 250 and 960 ng'kg™"

dw, respectively, upstream of Miramichi Pulp and Paper in Newcastle, NB (Trudel 1991). ©

Q .

In British Columbia, bed sediments were collected from many ﬁpstréam and downstream

locations in the vicinit}"vof four pulp and papér mills, and one'petroleum refinery (Table 20).

Most of the samples collected from the Pine and Peace Rivers upstream and downstream of

- Fibrelco Pulp Incorporated and the Petro-Canada Products refinery did not contain any PCDD/F

- residues (Tuominen and Sekela 1992). The bed sediments collected from the Kitimat River
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upstream of the Eurocan Pulp and Paper Company and upstream‘of the lower Fraser Riyer mills
had no detectable residues of dioxins or furans, however, sediment samples collected

. downstream of thé lower Fraser River mills contained detectable residues of furans. T,CDF

" levels from 19 to 24 ngkg" dw, with organic carbon ranging from. 1.57% to 1.88%, were .

detected in sediments collected downstream of Scott Paper Limited, New Westminster, and a
' 'simil_ar level of 22 ng T,CDF-kg" dw with an organic carbon content of 0.61% was collected

downstream of Paperboard Industries Corporation, Burnaby (Tuominen and Sekela 1992)..

Background sediment samples are thought to be characteristic of ambient levels of dioxins and

furans in the environment (Van Oostdam and Ward 1995). In British Columbia, there were no

detectable levels of T,CDD in background samples of sediments (Table 20). The average TEQ
(based in I- TEFs) for background sediment samples was 3.9 ng-kg” dw, with a range from 0.0 to
24.4 ng'kg" dw; the TEQ range for secondary sedlment samples was from O 0to 172 ng kg dw
(Van Oostdam and Ward 1995) '

‘Mah et al. (1989) reported concentrations of dioxins and furans in sediments collected in the
’p'roximity of ten pulp mills at upstream and downstream loqations in the interior of British
Collimbia, in 1988 (Table 20). At most of the upstream sites, dioxin and furan congeners in bed
sediments were below the detection limits, with the excepﬁon of the site located on the Fraser
Rivér, upstream of the pulp mills at Quesnel and downstream Qf discharges from pulp milis at
Prince George (Mah et al. 1989). Mosf of the sediment saniples colleéted downstream of the
puip mills contained PCDFs. The highest furan concentration (3168 ng T,CDF -kg" dw,

%QC=1.2)_ in bed sediments was collected downstream from Weyerhauser Canada Limited, in

' A‘th'e -Thompson River. Other similarly high levels of furans were detected downstream of

Cr¢stbfoo_k Forest Industries Limited (2217 ng T,CDF -'kg'l dw, %OC=13) and near Fletcher
Challénge Canada Limited in Williston Lake (2077 ng'kg"' T,CDF dw, %0C=10.6) (Mah et al.

1989). The authors concluded that there did not appear to be a significant relationship between
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the concentrations of furans measured in sediment in downstream locations and particle size or

organic carbon content (Mah et al. 1989).

In 1990, Dwernychuk et al. (1991a, b) conducted sediment'quality surveys on the Fraser,
Thompson, and Kootenay River systems in British Columbia. PCDD/F concentrations in the
Fraser River were variable. Thé highest T,CDF concentrati.on in a sample (%OC = 4.6) was
7.8 ng-kg', with a TEQ (based on I-TEFs)I of 3.8 ng-kg'near the mouth of the Fraser River, éIong
the south arm (Table 20; Dwernychuk et al. 1991b). Most of the sediment collected from the

upper Fraser River did not contain detectable levels of furans. - The highest level of T,CDF in

‘sediments collected - from the lower Thompson River was 42 ngkg’, (8.4 ng TEQkg';

%0C=3.5) at Wallachin station, followed by the next highest concentrgtion of T,CDF in
sediments collected at Spences Bridge in the lower Thompson River, of 8.9 ngkg',
(3.8 hg TEQ'kg"'; %OC=4.4) (Dwernychuk et al. 1991b). At all four monitoring stati'ons on the
Thompson River system and all stations along the Fraser River, T,CDD levels were bélow the
detection limits for sediments (Dwernychuk et al. 1991b). T,CDF concentrations ranging from

below detection to 23 ng-kg™ were measured in bottom sediment samples collected downstream

- of Crestbrook (Kootenay River system), and no dioxins were detected (Dwemyéhuk et al.

1991a).

In 1992-1993, suspended sediments from 22 locationé in Alberta were analyzed for PCDD/Fs,
including ten mainstem Athabasca River sites, five major tributaries, and seven waste effluent

sites. Depositional sediments from nine mainstem Athabasca River sites were also sampled

- (Table 20) (Crosley 1993). Most of the effluent, mainstem, and~tributary_loca't.ions had detected

levels of PCDD/F congeners in suspended and depositiOnal_ sediments. Suspended sediments
from effluents at Millar Western Pulp and Slave Lake Pulp, however, contained \'/ery low or non-

detectable concentratlons PCDD/F (Crosley 1993). The hlghest T,CDD concentration in effluent

influenced suspended sedlments was found in the Hinton combined efﬂuent at 24 ng'kg' ww

(Crosley 1993). T,CDD concentrations in the majority of the tributaries usually had sm}llar or
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lower concentrations to the Athabasca River. Total T,CDD concentrations were generally one

order of magnitude lower in depositional sediments than concentrations in suspended sediments .

(Crosley 1993).

6.4.2 Marine Sediment

‘Marine and estuarine sediments in both the Pacific and Atlantic regions of Canada have been

monitored for PCDD/Fs (Trudel 1991). The most contaminated areas of British Columbia

appear to be Howe Sound and Georgia Strait, with TEQs (based on I-TEFs) of 145 to 2143 and

. 16.3 to 1398 ng-'kg™ dw, respectively (Table 21; Trudel 1991). Lower TEQ levels were evident

in Port Alice, British Columbia, with a range between 50 and 96 ng-kg"' dw (Trudel 1991). On
the Atlantic coast of Canada, sediment samples were much less contaminated than those on the
Pacific coast. The most contaminated site in Nova Scotia, was Port Hawksbury, with a TEQ

level of 67.6 ng-kg' dw (Trudel 1991).

6.5 Biota

There are a large number of studies that have determined the levels of PCDD/Fs in Canadian

~ biota. Certain classes of biota have attracted more research and monitoring attention, particulafly

birds and fish. Scientific names for all common names mentioned -in this section are found in

" Table 22 if available. The data for tissue residue concentrations of PCDD/F are ‘presente'd in

Tableé.-14 and 23 — 29 and, where possible, inélude the toxic equivalency (TEQ) reported by the

author(s) and the source of the toxic equlvalency factors (TEFs) used by the author(s) to derlve :

‘the TEQ Ideally, for comparison purposes, the TEQs for all studies would be calculated using -,
standard TEFs. _Where congener specific information was .available, the TEQs were calculatc;d '
uSing WHO 1998 TEFs for fish, mammalian, and avian species and are reporte'dlbas TEQgq
TEQ,. . and TEQ, .., respectively (van den Berg et al. 1998). Conversion to WHO 1998
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TEQs was not always pos51ble ds specrﬁc congeners were often not reported. -In such cases the
TEF source used by the author 1s reported Polychlormated b1pheny1 (PCB) congeners (ie.,

those that exhrblt a planar conﬁguratlon such as the mono-ortho and non- ortho substituted
1somers) are not - 1nc1uded 1n the TEQ calculations -unless’ otherwrse 1nd1cated All tissue

concentrations are reported in wet weight (ww) also unless otherw1se 1ndrcated

" 6.5.1 Freshwater and Mar_‘ine Invertebrates

There are very llttle data avallable on the concentratlons of PCDD/F in freshwater invertebrates
in Canada (Table 23). Studles by Dwernychuk et al. (1991a 1993) along the Fraser and
Kootenay Rrvers in British Columbia examined the PCDD/F concentrations in various “benthic
macroinvertebrates and crayfish (Paciﬁhastizs spp.)- Both the Fraser and 'the' i{ootenay Rivers are
impacted by pulp and paper miil effluent. In 1990, the survey of benthic.maeroinvertebrates in
the Kootenay River found that PCDD/F concentrations were higher downstr‘earh of'a pulp and

paper mill than upstream (TEQﬁsh 1.6 ng'’kg’ and TEQg, = 18 ng-kg'l, respeetively). T,CDD

. and T, CDF concentratlons ranged from <0.7 to 1000 ng: kg, respectively Benthic invertebrates

~sampled in a side channel of the Kootenay River downstream of the mlll had a TEQ level of

127.4 ng:kg"' (Dwernychuk etal. 1991 a). Along the Fraser River, a composite sample of crayfish
(Pacificastus spp.) rnuscle' (n=21) had non-detectable levels of TEQy,, while a composite sample

of crayfish hepatopancreas (n=21) was determined to have a TEQ;,, of 15.4 ng'kg" (Dwernychuk

et al. 1993) In Ontario, mussels (Elliptio complehata) sarnpled in 1986 from Frog Creek were

found to contam less than the combined detection limit for all dioxin and furan congeners.

T,CDD and T, CDF were found in a sample from Stanjlkomlng Bay (23 and 2.7 ng'kg s '

respectively) downstream of.a waste drspo_sal site (Hayton et al. 1990). -

" There are only three studies that report. PEDD/F concentrations in marine invertebrates (Table

' 24). A large study by the CPPA (1989) measured the levels of PCDD/Fs in marine invertebrates
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' at certain distances frorn numerous pulp mill outfalls along t_he_; Pacific 'coast in British Columbia[ ’

-+ The TEQjg, (based on WHO 1998 TEFs) ranged frorn 0.2 t0'72.36 ng'kg’ in muscle tis_sues of -~

shrimp, Pandalus boréalis‘ prawn, and dun'geness crab, Cancer magister Higher TEQs were

-observed in hepatopancreas tissue (11.2 ng'kg' to 403. 8 ng: kg 3] of dungeness crabs, Cance E

magzster and the soft tissue of . l1tt1eneck clams, Protothaca staminea, and oysters

Crassostrea Spp., (O 42 ng kg'to 101.91 ng'kg™). Clements et al (1987) examrned the digestive
glands of lobsters, Homarus amerlcanus, captured in New Brunswrck. and Nova Scotia to ~:

* determine their PCDD/F levels. TEQs, ranged from 9.81 ngkg" to 36.11 ngkg'. In Québec, |

Brochu et al 1995 reported TEQs (based on I- TEFs) rang1ng from 0. 23 to 2. 99 ng: kg in whelk

and snow crab Chzonoecetes opilio, tissue, respectwely

6.5.2 Freshwdter Fish

Several surveys of contammants in the Fraser Kootenay and Thompson Rivers in British

Columb1a were comm1ssroned by Crestbrook Forest Industrres Ltd (CFI) (Dwernychuk et al:

1991a; 1991b; 1993, 1995; Table 25). These surveys were in response to a request by the British

Columbia Ministry. of the Environment in 1990, that the CFI initiate a baseline organochlorine A

‘ mon1tor1ng program. These studies are an excellent basis for the companson of temporal trends.

in contam1nat1on noted along ‘the length of the Fraser and Kootenay Rlvers ‘Both rivers are

lmpacted by effluents ﬁom pulp and paper mrlls and other sources (e. g sewage treatment':

: ‘plants). F ish specres ‘were sampled for PCDD/F levels in muscle and liver tissue and TEQs were:

calculated usmg WHO 1998 TEF s from congener specrﬁc 1nformat1on Tt was found that TEQ

'concentratlons decreased with increasing distance from the pulp and paper mills. In, the -
Kootenay.Rrver, the liver tissue of the fish sampled contained the highest levels of PCDD/F. In’
1990, the calculated TEQq,, TEQuummazn> 0d TEQ,, ranged from 0.9 — 32.5, 1.0 — 40.0, and 1.2.

- 186.8 ng'kg' respectlvely, in the hver and muscle of fish sampled on the Kootenay Rlver

] (Dwernychuk et al. 1991a) By 1996, lrver and muscle tlSSUCS had levels of 0.6 - 4.6 ng'kg
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E . . .

_the highest concentratlons of PCDD/F (Table 25) The calculated TEQﬁSh, TEQ
TEQ,.;,, ranged from 0. 31 — 80 3, O 5_115. 1, and 4.6 — 579.1 ng- kg respectlvely In 1992

" 1653 Marine Fish . ="

(TEQﬁsh) 0.6 — 6 5. ng kg (TEQmamma,m) and 2.6 —41. 9 ng kg (TEQamn) for s1m1lar fish species

‘and similar sites along the Kootenay River (Dwernychuk et al. 1996). The Fraser. River survey

* demonstrated a similar pattern of decreasmg PCDDV/F fish tissue levels. In 1990 the calculated

TEQ¢q» TEQmamma,,an, and TEQavmn ranged from 1.5 -113.3,;1. 7 1015, and 1.8 — 255 9 ng: kg, |
respectively, in liver and muscle tissue (Dwemychuk et al. 1991b) A srmilar study along the
length of the Fraser River was conducted in 1991 by McDonald et al: (1997). White sturgeon
tissue samples were analyzed for PCDD/F concentrations. Red muscle and liver tlssue contained

and

mammahan’

: muscle and liver t1ssue in mountaln whlteﬁsh (Prosopzum williamsoni) were sampled at sites

along the Fraser River. (Dwemychuk et al. 1993). The calculated TEQg¢g TEQmamma,,an, and

TEQavnan ranged from 0.2 - 38. 4,0.3-39.5, and 0.3 - 46 8 ng: kg respectively (Table 25) The. 4

‘most recent survey of fish tissue levels in the Fraser River occurred in 1995 (Dwernychuk et al
: 1995) The calculated TEQfsh, TEQ ammalians and TEQWn ranged from O 3-21. 6 0.3-22.1,and
0.3 -2638 ng kg respectlvely (Table 25) In each subsequent year of the survey of fish tissue C

: concentratlons in the Fraser and Kootenay Rivers the maximum TEQ levels continued to

decrease. ‘ A L

In the Great Lakes, fish tissue sampled in 1984 contained total PCDD/F ranging from 22 -

105.2 ng-kg'1 in adult lake trout and walleye (Stizostédion vitreum) fr’om five of the lakes (Table
25) (De Vault et al. 1989) Nnmi (1996) exammed several fish spe01es for PCDD/F and found

- total PCDD/F ranged from 9.1 — 160 ng- kg in Lake Ontarlo

Very few studies examined the PCDD/F levels in marine fish (Table 26). Harfenist et al. (1995)

, sampled fish in the Fraser River estuary in 1991 in the Vicinity of Westham-and Iona Island,

February 9,1999 . =~ PR ‘ ©76 Draﬁcopy for review purposes only

~ Guidelines and Standards Division, Environment Canada ) S - R Do not cite or cu'culate -



British Colurnbla Starry ﬂounder (Platzchthys stellatus) threespme st1ckleback (Gastei osteus |

aculeatus), peamouth chub (Mylochezlus caurinus), and Pacific staghorn sculpin (Leptocottus
- armatus) t1ssue was analyzed for PCDD/F concentrations. _Only the concentrations of T,CDD

-and T4.CDF.were reported. Levels ranged from <2.1-17.2 ng-kg"7
6.5.4  Reptiles

: Informatlon on levels of PCDD/F in reptlles in Canada 1s hmlted to snappmg turtles (Chelydra

serpentzna) (Table 27) Snapplng turtles from the St Lawrence RIVCI‘ contalned 41 7=
' :355 ng kg TEQ in liver tissue and 298 6 — 2094 ng kg' in fat tlssue (based on TEFs from Safe
' 1990) (Ryan et al. 1986). Snappmg turtle eggs from Lake Ontar1o contained from below

| detectlon up to 422.4 ng- kg TEQfsh (B1shop et al. 1996). Eggs taken from Algonquln Pr0v1nc1al
Park had the lowest levels of PCDD/F reported. Bishop ét al. (1994) determmed ecologlcal or

. phy51olog1cal parameters such as 1nd1v1dual var1at10n in’ feedmg locat10ns “and/or food

A ,preferences and metabohsm may be more 1mportant in determmmg contannnant levels than age

clutch size, or mass.

655 Birds

-' _There is a great deal of information ava1lable on the levels of PCDD/F found in bird tissues =
' :l-’"‘l'(Table 28) This body of data is largely. due to the use of b1rd tlssues in part1cular eggs, to 'V
monltor the concentratlons of organochlorme contammants in the env1ronment (Ewins et al.
- 1994) "Population dechnes physiological abnonnalmes and egg shell th1nn1ng have been-: .
'fmdlcators of potent1al organochlorlne exposure in birds, partlcularly among p1sc1vorous b1rds"

S (Ewms etal. 1994).
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The Great Lakes were known to be among the most heavily contaminated freshwater ecosystems
in th¢ 1960s and 1970s. For example, T,CDD and T,CDF levels as high 2350 ng-kg'bl were fonnd
herring gull eggs-collccted from 1971-82. The introduction of regulatory controls has helped
reduce contaminant levels in Great Lakes fish and subsequently contaminants in aquatic birds
(Ewins et.al. 1994). A more recent study by Jones et al. (1994) conducted in 1989 on herring
gulls (Larus argentatus) found TEQ levels (based on H4IIE bioaéséy) ranging from 96.9 — 399

ng-kg. Double—rested cormorants from the same region had TEQs ranging from 17.9 — 382.3

ng'kg”.

in other areas, a'ternporal. trend in PCDD/F levels in bird tissues is not immediately apparent in
the data (Table 28). This reflects the differences in the feeding.behaviour, and metabolism of the
birds studied, prey items consumed, and their exposure.to PCDD/F sources and emissions. In -
British Colnumbia,-var‘ious species of birds were analyzed for PCDD/F congeners in several |

studies over a similar time period at numerous points (Elliott et al. 1996¢; 1996d' Elliott &

Martin 1998; Vermeéf et al. 1993) Levels of TCDD and T,CDF ranged from <DL— _

3560 ng-kg™ in bird tlssue The hlghest concentrations were detected in lipid rich tissue (e.g.,
liver and eggs) as expected due to the hydrophobic nature of dioxins and furans. In a study of the
Peace and Athabaééa Rivers in northern Alberta, four of six canvasbacks (livers contained from
<0.2 to 1.4 ng'kg” of 1,2,3,7,8-PCDD, T,CDF, and 2,3,4,7,8-PCDF with T;,CDF being the most
commonly detected (Wayland et al. 1995b). o | |

656 T érrestrial ‘Mammals

" The.re is a paucny of data available on PCDD/PCDF levels in terrestrial mammals in Canada
| (Table 29). Hebert et al (1996) found very low PCDD/F levels in caribou (Rangifer tarandus)
fat and muscle. . Mink from La Tuque, Québec had TEQ,,ummaiian Of 2.3 — 32.5 ng-kg™ (Champoux

11986). In a study conducted in the Northwest Territories, es_sentially no PCDD/Fs were found in
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mink liver (<1 ngkg"') (Muir et al. 1996a). In mink form the Peace and Athabasca Rivers in
northern Alberta, only TCDD was detected in two of the. three pooled liver samples at 0.2 and
0.6 ng-kg (Wayland 1995a).

.6.5.’7 Marihe Matﬁmals .

There is a large amount of information available on the concentrations of PCDD/F in marine

mammals in Canada (Table 14). Marine mammals tend to be long lived and are at the top of the
food chain. They tend to accumulate lipophilic substances like PCDD/F in tissues with high
lipid content (Muir et al. 1996). Off the Pacific coast of Canada, relatively low levels of T,CDD

and T,CDF were reported in studies on porpoiseand whale species (Burlinson 1991; Jarman et

al. 1996).' T,CDD concentrations ranged from below detection to 3.3 ng’kg' and T,CDF
concentrations ranged from <2 to 109 ng'kg". In harbour seal (Phoca vl'tulina) tiss‘ue T,CDD
concent‘rations ranged from below detection to 6.9 ng'kg" and T CDF concentrations ranged from
.3 7 to 62 ng'kg (Addrson et al. 1996). In the Arctic, marine mammals 1nclud1ng polar bear
(Thalarctos maritimus), beluga (Delphlnapterus leucas) narwhal (Monodon monoceros) and
ringed seal (Phoca hispida) were reported to have T,CDD concentrations ranging from <2 to
‘37 ng kg', T, CDF concentrations ranging from 3.7 to 61.8 ng: kg1 1,2,3,6,7, 8-HCDD ranging
: from <4109 ng'kg", and OCDD ranging from <8 to 44 ng-kg"' (Norstrom et al. 1990). Ina study
of PCDD/F concentrat1ons in beluga whale for the St. Lawrence estuary no PCDD/F were

, ‘detected in liver (Muir et al. 1996b). Low levels of PCDF were detected in the beluga blubber o

_ samples while PCDDs were undetectable the hrghest concentration of PCDF (8 ngkg") were
detected in blubber ofa male (Muir et al 1996b). There is a lack of data from marine mammals
~* on the Atlan_tlc_ coast. Muir and Norstrom (1990) reported very low levels (below detectlon)' of

PCDD/F in white-beaked dolphins, beluga and pilot whale. The variability among marine

mammal species may reflect differences in exposure related to trophic status and proximity to

PCDD/F sources, sex of animals sampled and life cycle duration.
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' 7. 'OVERVIEW OF TOXICITY"

A multitude of toxic responses to PCDD/F exposure have béen described in the scientific
literature. The aim of the present document is not to conduct an exhaustive réview of the effects
of PCDD/F exposure, but rather to scrutinize the data relevant to the derivation of Canadian
EQGs and to provide sufficient background information to orient the reader in this context.

Several recent reviews on the affects of PCDD/Fs on aquatic organisms, (Fletcher and McKay
1993; Walker‘ and Peterson 1994a; Fitzsimons 1995; Grimwood and Dobbs 1995), birds
(Bosveld and van den‘Berg 1994; Henshel 1998), mammals (Neubert 1992; Sauer et al. 1994;
Birnbaum 1995a, b; Kerkvliet 1995) and biota in general (Peterson et al. 1993; Vanden Heuvel
and Lucier 1993j are available and the reader is directed to these reviews for more detailed
information on topics that are summarized in this document. .-Responses that have been
commonly documented include mortality (often delaYed), decreased‘ body weight gain, decreased
feed consumption, thymic atrophy, fin necrosis, histopathologic' effects, immunotoxicity,
developmental and reproductive effects, biochemical effects, neurotoxicity, and carcinogeheéis.

PCDD/Fs are also known to disrupt the endocrine system which could have serious repercussions
on sexual development. Clearly, it is unlikely that thé complete spectrum of effects would be
observed in any single spécies but the data indicate that PCDD/Fs and related cbmpounds elicit

the same qualitative pattern of responses within each species (Safe 1986). Effects observed vary

* with a number of factors including the dose of the toxic substance, the congener tested, and life

stage, strain, species, and gender of the organisms tested.

7.1 Mode of Action

7.1.1  Ah Receptor Binding '
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PCDD/Fs are thought to elicit most, if not all, of their toxicity via the aryl hydrocarbon (4h)
receptor, a protein conserved across mammals, birds, and ﬁch (Clark et al. 1992; Vanden Heuvel
and Lucier 1993). Dioxin binding to the 4h receptor was first hypothesised by Poland and
Glover (1973),'based on experiments that quantified aryl hydrocarbon hydroxylase (AHH)
activity in chicken eggs following PCDD injection. .It fs now known that the 4h reyceptor is a
memoer of the basic helix-loop-helix family of proteins. As with the steroid receptors, the Ak
receptor exists in a multiprotein complex in association with heat shock and other proteins.

Upon ligand binding in the cytosol, a conformational change in the receptor results in the release
of the proteins (Birnbaum 1995b). The ligand-receptor complex is transported to the ccll nucleué
where it binds to DNA at specific sequences and modifies gene transcription (Peterson et al.

1993). It has been postulated that because the 4/ locus controls the expression of not only AHH,

- but several other genes as well, the toxicity of dioxin-like compounds may result from the

eXpression or repression of multiple genes (Bryan et al. 1987). Binding of dioxin-likc
compounds to the Ak receptor correlates well to the induction of mixed-function oxygenase
(MFO) enzyme systems such as cytochrome P-450-1A1 1sozyme (CYP1A1) as measured by
ethoxyresorufin O-deethylase (EROD) and cytochrome P-450-1A2 (CYP1A2) as measured by
acetanilide-4-hydroxylation (Safe 1990; Brouwer 1991; De Vito et al. 1993). These enzymes
belong to a family of 12 cytochrome P-450 isozymes (i.e., a group of enzymes which are
chemically distinct but functionally alike, also referred to ac MFO systems) that are found in

liver endoplasmic reticulum and that may be involved in biotransformation, conjugation and

removal, or bioactivation of certain lipophilic foreign compounds. Mammals and birds generally
‘have two cytochromes in the P-450- 1A subfamily, known as 1Al and 1A2, whlle only one
Q ver51on of cytochrome P-450-1A has been found in fish (Stegeman and Hahn 1994) ‘

- The role of the Ah receptor protein in the mechanism of action of toxic halogehated aryl

_hydrocarbons has been thoroughly investigated and satisfies most of the specific criteria that

support a receptor-mediated cellular process (Safe 1986). These criteria include: i) the existence

- of a finite number of specific binding or receptor sites and :therefore saturable binding; ii) high
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affinity ligand binding that i$ commensurate with the usually low levels of circulating hormones;
111) stereoselective binding capacity for the receptor; iv) tissue or organ response specificity for

the receptor ligand; and v) a correlation between binding affinities, receptor occupancy, -and the

magnitude of the response.

Evidence of the existence of the 4A receptor protein and/or P-450-1A1 inducibility .ha's been
found in all vertebrates (mammalian, avian, and fish species) with the notable exception of
Atlantic hagfish (Myxine glutinosa) and seai lamprey (Petromyzorr marinus), both of which are
species that belong to the agnathans, a primitive class of jawless aquatic vertebrates (Hahn et al.
1992; Vanden Heuvel and Lucier 1993) Conservation of the Ah receptor across species lends
support to the common mode of action theory Further, that the Ah receptor protein has not been
detected in invertebrates or in plants may explain why the toxic effects of T,CDD do not appear

to be conferred upon these taxonomic groups.

7.1.‘.2 Receptor-Occupancy and Toxic Threshold Theories

Supporters of the receptor-occuparicy‘ theory argue that a certain number of the receptors must be
occupied before any biological response is expressed. While there is consensus that some A4h
receptors must be occupied, the exact niimber is a matter of considerable controversy The
presence/absence of the Ah receptor alone does not explain observed differences in specres and
tissue effects from PCDD/Fs (Vanden Heuvel and Lucier 1993). While hepatic Ah receptor
levels and binding affinity for [*H] 2;3,7,8-T4CDD in several species 1nclud1ng pigs, rats,

hamsters and nonhuman primates, are similar, there are distinct differences in maximal P-450-

“1A1 induction and toxicity (Safe 1986). For example, although the guinea pig and the hamster

have comparable 4h receptor _eharacteristics, the acute lethality and maximal P-450-1A1
induction by T,CDD varies over a 5000-fold range between the two rodents (Vickers et al. 1985).

Furthermore, there is little difference in the concentration of the Ah receptor in various rodent
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_ tissues (Denison et al. 1986). Therefore, although the presence of the Ah receptor is required for

-key biochemical and biological responses to PCDD/Fs, its existence does not fully explain the

qualitative and quantitative differences in biological responses.

The key point of the receptor-occupancy theory is that there is a dose below which the receptor
does not function and, if it is not activated, there can be no effect. This implies that there is a
"safe" or practical "threshold" below which no toxic effects occur. No toxic effects are known to
occur at leVels below tﬁose required for enzyme’induction (Roberts 1991). Increased activity'
(induction relative to ‘normal’ or controf levels) of these enzymes (i.e., EROD, AHH) is often
used as a surrogate measure for receptor binding, and hence, contaminant exposure. Thus,
induction of hepatic microsomal enzymes may be one of the earliest and most sensitive
indicators of .biological response to PCDD/F exposure. While it may be argued that toxie effects
from PCDD/F exposure will ‘not occur without enzyme induction (i.e., bthe receptor must be
activated), to date there is no clear evidence to suggest that if enzyme induction has occurred, a
toxic response will necessarily follow. Enzyme induction is a biochemical response to PCDD/F
exposure, but enzylfle activity at or- above the threshold (induction, relative to control levels)

does not guarantee that a toxic response is imminent.

From a research standpoint and also in terms of risk assessment, the threshold concept has been
questioned. Tritscher et al. (1992) investigated the dose-response relationships for induction of

cytochrome P-450-1A1 and 1A2 following chronic exposure of diethylnitfosamine-initiated and

‘noninitiated female Sprague-Dawley rats to T,CDD in a liver tumour promotion model. In this
study, T,CDD was administered biweekly by gavage at doses equivalent to 3.5, 10.7, 35.7, and -

'125 ng-kg” bw-d’ fo_'r‘30 weeks. Mathematical analysis of isozjme induction data as‘a function

of liver T,CDD concentrations indicated that the best fit for these data are inconsistent with a
threshold above zero for the induction response. The best fitting curve was linear for induction

of both P-450-1A1 and 1A2 at low T,CDD concentrations. The authors concluded that, in a

~ chronic exposure experiment, their data suggest that there is no evidence of a threshold for
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" hepatic: P-450-1A1 'and‘lA2 It is -possible, however, that the relationship may take on 'a

srgmordal curve below the lowest T, CDD liver concentration (480 + 190 ng: kg” ww) measured.

Therefore thrs study does. not conclusrvely rule out the existence of a threshold In another
pubhcatron based on the same rat tumour promotion model, it was argue that a rlsk assessment
approach involving the use of P;450-1A1 induction as a'surrogatelmarker for cancer '(and
application of anuncjertainty“ factor) may be -flawed (Clark. etal. 1992). It was sho'\yn that the

dose- response relationships for T CDD-mediated increases in hepatlc cell prohferatron and

_preneoplastrc lesions ‘were drstmctly different from those depicting P 450-1A1 induction in that.

much higher ‘doses of T,CDD were required to detect increases in cell proliferation than those‘
needed to produce enzyme induction. The contentlon then .is that ‘the threshold for enzyme
induction is not approprlate as-a basis for assessing risk because in thls particular case, it was
shown to be too conservatlve w1th respect to a demonstrated toxic effect (cancer promotion).

This rationalization is the basis for the opposing perspective that because the enzyme induction

threshold is conservative it may be the most appropriate measure to use in risk assessment. Ina

| sense, induction of P-450-‘1’A1‘enzymes is the organism’s first response (or attempt at defence) to

PCDD/F exposure. - While this biochemical response does not mean that toxic responses will

nécessarily -occur; to date, it is the most sensitive marker indicating the risk of an adverse

biological effect or toxic response. c

7.1.3  Binding Affinity -

~* While the qualitatiye andfquantitatiye differences in biological responses to PCDD/F exposire

j

'_cannot be' related to differences in Ah recep'tor levels, differences in biological responses to the ”

- varrous PCDD/F congeners are related to blndlng afﬁmty to the Ah receptor. The receptor

bmdmg afﬁmtles and tox101ty of halogenated aryl hydrocarbons are dependent on their molecular

. , ,v_str_ucture (1.e., degree- of chlonnatlon and substitution pattern). According to Safe (1987),
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1nteract10ns with .the 4h receptor are hrghly stereoselectlve and this accounts for the marked

*_effects -of molecular structure-on the brologlc and toxrc potenc1es of PCDD/Fs. Chlorrne? |
substitution in the 1ateral posrtrons (2,3,7 8) strongly affects the interaction between the PEDD - .

: hgands and the cytosohc receptor protein (Safe 1986) T,CDD has the greatest bmdrng affinity -

for the Ah receptor of any known substance and it is also the congener that_ has been shown to

" exert the most potent toxic effects; T,CDD is regarded as '_o_ne of the -most toxic manmade

(xenobiotic) compounds known. Other toxic PCDD/F ~,congeners are approximate isomers of S

T, CDD and are substituted‘ in at least three of the four lateral 2;3 ,7, and 8 positions (Safe et al.
, 1989) ‘With i mcreasmg Cl substitution at the nonlateral positions 1,4,6, and 9, there- i is a marked
decrease in receptor binding affinity, and hence biological potency and toxicity. Accordmg to

_ Safe (198_6),- the stepwise addition of Cl at these nonlateral positions would result in several

‘ structural changes in the more highly chlorinated PCDD/F s including increased‘molecular size

and vo'lume increased lipophilicity, a possible decrease in PCDD/Fs coplanarity associated with
steric -crowding, ‘and decreased aromatic ring electron densrty (due to the additional
_electronegatrve Cl groups) all of whlch render them less toxrc " The axiom that brndmg affinity
for the Ah receptor as 1nﬂuenced by molecular structure, is prlmarrly responsrble for the degree
of the adverse or toXic responses exerted is further substantiated by the empmcal finding that the

order of toxic potency among PCDD/F congeners is generally maintained across test organisms

Afrom drfferent taxonomic groups (.e., 2,3,7,8- TCDD 1,2,3,7,8-PCDD > 2,3‘,7,8-TCDF =

C 2, 3 7.8- PCDF etc)) (Mason et al. 1986)

.12 Biotransformation

. Brotransformatron refers to the process in whrch one or more biochemical react1ons transform a
g parent compound 1nto a derivative that 1) may be used satrsfy metabolic requrrements or 2) is.
. detoxrﬁed and/or excretable or non-absorable (Norstrom and Letcher 1997). Brotransformatron. _

- of xenoblotrcs by cytochrome P- 450 1s not always beneﬁcral because there are many cases where o
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the metabolltes are more toxic or blologlcally actlve than “the -parent compound (i.e., PAH

. compounds such as benzo[a]pyrene McFarland and. Clarke 1989) L1m1ted data suggest that

PCDD/F metabolites are much less toxic than their parent hydrocarbons (Weber et al. 1982).
Moreover, metabolites of PCDD/Fs are several orders of rnagnitude less -active in terms of
receptor-mediated biochémical and toxicological effects in the rat (Mason: and Safe 1986). The

metabolism of T 4CDD and related compounds (with the exception of OCDD) is necessary prior

to urinary and biliary elimination; therefore, the'rate of excretion of these compounds is

dependent on the rate of transformation (van den Berg et al. 1994). The biotransformation of

PCDD/F congeners has been studied in several species. Metabolites of T,CDD in rat livers

© (invivo) included dihydroxy-T,CDD, dihydroxy_-tetrachlorodipheny.l' ether; and 2-hydroxy-

"~ 1,3,7,8-TCDD (Poige.r and Buser 1984) while primary rat hepa_tocyte Icultures (in vitro)

- transformed the parent compound 1into 1-hydroxy-2,3,‘7,8-TCDD and 8-hydroxy-2,3,7-TCDD - ~
" (Sawahata et al. 1982). Poiger and Buser (_1984) found that the major metabolite of T,CDD in -

the dog was .2-hydroxy-1,3,7,8-TCDD. Gobas 'an:d Schrap (1990) evaluated the ability of

guppies to metabolize dioxins and found mono-, di- and tri-hydroxy transformation products. In -

a review of the impact of 'PCDD/F s on human and environmental health, Ahlborg et al. (1992)

concluded that the adverse effects from PCDD/Fs are primarily caused by the parent compounds,

rather than by metabolites.

‘1.3 Toxic Equivalency Factors _(TEst and Toxic Equivalents (TEQs) - Toxicity

As explalned in Sectlon 2. 2 TEFs may be used to express, (or convert) concentratlons of

compounds that exert dloxm hke effects to equlvalent values as if* they were T, CDD In other
words, TEQs allow risk assessors to compare quantltatlvely the toxic potency of compounds that

are structurally s1m11ar (1 e. 2 3 7.8- subst1tuted PCDDs and PCDFs, non-ortho and mono- ortho-

f substltuted coplanar PCBs) to the congener that is. thought to be the most toxic env1ronmental

- contaminant, T,CDD. The rationale behind the TEF/TEQ approach is that compounds that share
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- similar molecular structures to T4CD_D exhibit similar toxicities but differ in their potency. This |

empirical finding may be explained by the fact that dioxin-like toxicity is initiated by binding of -

‘*a‘ compound to the Ah receptor and that this binding requires certain molecular structural

characteristics which are shared by T, CDD and compounds that areisosteric to it (McFarland 'et

al. 1993). Subsequently, a compound may be aSSigned a TEF that expresses its toxicity as a

fraction of T,CDD toxic1ty . Summation of the. indiv1dual products of TEFs and compound' e

concentrations ina sample yields a TEQ. For the purposes of risk assessment, the TEQ may then

be used as if it were the concentration of T CDD in the sample. TEFs and TEQs are valuable -
tools because they provrde the common ‘currency’, (units) via which sensitive or toxic endpoints -

brought about by different PCDD/F .congeners may be compared Moreover the TEF/TEQ

" _approach facilitates the assessment of the potency of complex environmental mixtures which

may contain a wide array of substances that contribute to the ‘total’ toxic effect. -

The TEF/TEQ approach relies on the ra'vailability of appropriate TEFs and assumes that the

individual ‘compounds act via a common mechanism'and-that their toxic effects are cum_ulati_ve -

(additive). «Therefore, analytically-derived TEQs necessarily ignore poteritial synergistic or

antagonistic effects amongst the individual compounds in a mixture In general it appears that -
- toxic effects are additive but some eVidence suggests that modulation of toxic effects may occur B

' fand that some compounds in mixtures do not produce strictly additive effects 3 - N

§ Evrdence for near- additiVity was found usmg early life stage (ELS) tests With rainbow and lake

: 'trout (Walker et al 1996) Eleven T,CDD-like congeners (including four PCDDs four PCDFs
and three coplanar PCBs) and three non- T CDD like congeners (i.e. two mono- ortho and one di-
:fortho substituted PCBs) were combined at ratios typically found in Lake Michigan trout. The ‘

o potency of the mixture, expressed as a total TEQ (TEFs from Walker and Peterson 1991) was_
h ) slightly less than' additive compared to T4CDD alone for producmg early life stage mortality, the’ |

- dose-response curves were parallel for mortality versus. egg TEQoregg T, CDD but that” for egg
'TEQ was shifted to the right of the T,CDD curve by 1.3 to 1 8 fold as 1nd1cated by the LD
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values (Walker et al. 1996). These researchers pointed out that altholugh the congeners tested did
not produce strictly additive responéé's; the déviatibn (1.3 to 1.8 fold) was much less than the
commonly applied uncertainty factor of 10 used in ecological risk assessments, Aﬁd therefore,
strict additivity under certain assessments may not critically alter the conclusions reached in the

assessment.

Hornung et al. (1996a, b) also used early life stage mortality in rainbow trout to assess how pairs
of PBDDs (polybrominated. dibenzo-p-dioxins), PBDFs (polybrominated dibenzofurans) and
PBBs (polybrominated biphenyls) congeners interact to produce T,CDD-like toxicity. Fertilized

“rainbow trout eggs were injected with graded doses of each .congener alone or fixed ratios of

paired congeners including 2,3,7,8-TBDD/1,2,3,7,8-PBDD, '2,3,7,8-TBDD/1,2,3,7,8-PBDF,.
1,2,3,7,8-PBDD/2,3,4,7,8-PBDF, and 2,3,4,7,8-PBDF/3,3°,4,4>-TBB. . Interactions betvween
congener pairs were additive in. all cases in terms of producing sac fry mortality relative to
responses evoked by single congeners (Hornung et al. 1996a, b). Similarly, Bol et al. (1989)
found that TEQs derived using early life stage mortality of rainbow trout as an endpoint

corresponded with analytical TEQs for isotoxic mixtures of T,CDD with 1,2,3,7,8-PCDD,

2,3,4,7,8-PCDF, and 1,2,3,7,8,9-HCDF.

The additivity of among PCDD/F congeners has also been reported in mammalian organisms.
For example, in a study in which pregnant mice were dosed T,CDD, T,CDF, or a combination of

both, it was concluded that for cleft palate frequency in fetuses, T,CDD/F toxicity is additive,

“with one unit of T,CDD approximately equal to 30 units of T4CDF (Weber et al. 1985). Whyte

et al. (1998) found that AA receptor compounds extracted from lake trout livers acted in an
additive fashion in both mammalian and piscine systems. Other results also support the additive
conéept for 2,3,7,8-substituted PCDDs and PCDFs congeners (Birnbaum et al. 1987; Pleuss vet al.
1988).  In contrast to strict additivity, however, Bol et gl. (1989) also noted that mixtures of

- T,CDD or T,CDF with other cytochrome P-450 inducers were more than additive. For example,
" two PCBs (3,4,3,4'-TCB and 2,4,5,2',4',5-HCB), and 1,3,6,8-TCDF had more than additive
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“effects. Synergism was also n_oted-between 3,4,3',4’-TCB and 2,3,4,7,8-PCDF. The authors
noted that the more than additive effects were dependent upon water temperature and concluded
'that the fnost logical explanation for these synergistic effects was a mechanism of action
regulated by more than one receptor. Vickers et al. (1985) also sﬁggested the po‘ssibilit.y of more

than one receptor, each producing different effects.

Conﬂicting evidence regafding the strict additivity concept and the use of TEFs/TEQs has been
reported. To address the assumption that all interactions of PCDDs are additive, acute toxicity

‘studies with four different PCDDs (i.e.; T,CDD, 1,2,3,7,8-PCDD, 1,2,3,4,7,8-HCDD and

-1,2,3,4,6,7,8-HCDD) were conducted‘and the LD, LDy, and LDy, for each congener in male

Sprague Dawley rats were determined (Stahl et al. 1992). Equipotent doses, assuming additive

toxicity, of a mixture containing all four congeners were then prepared using this information.

The authors concluded that the dose-response (mortality, body weight change) of the rats to the

mixture confirmed the hypothesis of strict additivity inthe acute toxicity of the four congeners.
Several years later, the same groﬁp of researchers measured the actual _conéentrations of the four
“congeners in the rats’ Hvers and camé to a different conclusion. Rozman et al. (1995) found that
the absorption of the four PCDDs by rats after oral administration decreased in the order. of
12,3,7,8-TCDD 2 1,2,3,7,8-PCDD >1,2,i3,4,7,8-HCDD > 1,2,3,4,6,7,8-HCDD, indicating that the

dose was an incomplete surrogate of exposure in the earlier investigation. These findings

suggested that the relative potency of the higher chlorinated congeners was slightly greater by

~approximately a factor of two, than suggested in the earlier publication (Sta_hl et al. 1992),

~ because of the reduced absorption, while the contribution to total potency of the lower
chlorinated congeners was slightly highér by approximately a factor of two due to increased

relative liver concentrations (Rozman et al. 1995).

Other less-than additive_effecfs of PCDD/F mixtures have aiso beén demonstfated. For example,
-1,3,6,8-TCDF was reported to have had an antagonistic effect on the enzyme induction caused by
T,CDD .in vivo in _C57BL/6J mice (Bannister and Safe 1987) as well as in rat hepatoma cells in
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culture (Keys et al. 1986). Mo‘re(")v"'er; Nagao ‘et al (1993) studied the potency of T,CDD,

- 2,3,4,7,8-PCDF, and of .one PCDD and two PCDF (defined) mixtures in random-bred albino

mice and found that the dose-response curve for 2,3,4,7,8-PCDF was similar to that for T,CDD.
Application of the I-TEF for 2,3,4,7,8-PCDF of 0.5, however, overestimated this congeners
teratogenic potency of by approximately 2.5 fold under their exper_ifnental conditions.

Assessment of the cleft palate frequency on the basis of calculated TEQs (using I-TEFs) showed
that the potencies of the two PCDF mixtures studied were also overestimated while the cleft
palate inducing potency for the PCDD mixture largely agreed with the predicted outcomes.

These authors concluded that the use of I-TEFs are: conservative wh;n atterﬁbting to assess the
cleft palate incidence induced by PCDF mixtures in mice. The results of this study indicate that
the individual congeners in the PCDF mixtures may have interacted in an antagonistic manner, or
that the TEFs used may have been inappropriate for this specific experiméntal system. I-TEFs
were developed-from short-term whole animal studies (such as reproductive effects), subchronic
effects data (such as thymic atrophy, reduced body weight gain, etc.) and acute toxicity data
(lethality) for mammalian éystems -because data from long-term whole animal studies involving
carcinogenicity were not available at the time (Kutz et al. 1990). It is possible that I-TEFs,
although they were developed from data pertaining to mammals, may not have been appropriate

for the teratogenic endpoints used in this study.:

In recent yearé, the H4IIE rat hepatoma cell bioassay has been developed specifically to measure
the net effect of all 4h réceptor active compounds in complex and highly varied environmental
mixtures (Bryan et al. 1987; Tillitt et al. 1991; Ankely et al. 1993; Ludwig et al. 1996). Thé
H4IIE bioassay medsures the integrated ﬁoténcy of samplé extracts, often containing complex
mixtures of dioxin-like compounds, to induce specific cytochrome P-450-requiring MFO
enzymes in isblated rat hepatorﬁa bells,(Giesy et al. 1994). Bfieﬂy, cells are exposed to samble
éxtracts’(typically‘ containing mixtures of compounds) and subsequent enzyme induction (e.g.,
EROD) is measured and compared to induction measured in cells exposed to known

concentrations of T,CDD. Results are thus reported as equivalents in toxic potency relative to
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T,CDD. Similar bioassays have -been developed using primary chicken embryo hepatocyte
(CEH) cultures and fainbow trout hei)atoma cell cultures [remodulated lightning trout (RLT)
bioassay] to measure TEQs that are relevant to Ab_irds and fish, respectively (Kennedy et al. 1996a;
Richter et al. 1997). Although tﬁe bioassay method is not dependent on strict additivity, it
provides no qualitative information about the identity of substances that exist in the sample,

except that the substances are capable of inducing an 4k receptor response. But, when used

concurrently with analytical instrumentation, bioassay techniques can determine whether all of -

the TEQs in an extract have been accounted for and whether there are non-additive interactions
among congeners. For example, bioassay derived TEQs measured with H4IIE or RLT cell lines
for livers of lake trout collected from Lakes Superior and Ontario did not differ significantly
- from analytically derived TEQs, suggesting that the 4h receptor active congeners in the sample
'extract were accounted for by con.gener analysis and that they acted in an additive fashion

(Whyte et al. 1998).
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8. TOXICITY TO AQUATIC:ORGANISMS

Acute and chronic PCDD/F toxicity data, including lethal, growth, and reproductive endpoints,
for amphibians, fish, invertebrates, and plants are summarized in Table 31. ‘Where available,
datalentries include information on water exposure concentrations and/or dosage rates, nominal
tissue concentrations, and measured tissue concentrations, with PCDD/F levels expressed on a

TEQ basis using appropriate fish TEFs (van den Berg et al. 1998). Furthermore, ‘NOELs and

- LOELs are indicated wherever possible and statistical significance of endpoints was included if it

was reported by the authors.

‘8.1 Effects From PCDD/Fs in Freshwater

8.1.1 Fish

Represented in Table 31 are 9 families and 19 species of fish, of which 7 families and 15 species

~are resident in Canadian waters. Together these data indicate that freshwater fish exhibit a wide -

~ range of sensitivities to PCDD/Fs. Exposure to T,CDD and related compounds may result in a

Variery of adverse effects in ﬁsh' including: reduced survival and growth rates (Mehrle et al.
1988), fin necrosis (Kleeman et al. 1988), edema (Helder 1981) reproductlve fallure (Walker et
al. 1991 1992) and teratogenic effects (Helder 1981).

Comparlson of the LOELs (Table 31) for a variety of endpomts (i.e., sensitive and toxic)

indicates that rambow trout tests yielded the most sensitive response both on a water

concentration exposure basis and nominal tissue dose/measured tissue residue basis. Mehrle et

al. (1.988) found that the LOEL for mortality in juvenile (0.38 g) rainbow trout exposed to graded
concentrations of T,CDD (0.001,70.038, 0.079 and 0.176 ng-L") for 28d and sobsequentlyv
maintained in clean water for another 28 d, was 0.038 ng'L". This LOEL also applied to
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reductions in growth after 28 d of exposure to the graded levels of T,CDD in water. Similarly,
Miller et al. (1973) exposed juvenile (3.5 g) coho salmon (Oncorhychus kisutch) to nominal
concentrations of T,CDD ranging from.0 to 5.6 ng-L". Using pooled data for 24, 48, and 96 h
exposures, concentrations as low as 0.056 ng'L"' were coincident with increased mortality
measured within 60 d following exposure. The statistical significance of the difference in
survival between treatment ‘and control groups was not reported. In a subsequent publication
based on the same data, significant mortality of O. kisutch fry was observed only in the treatment
groups exposed to 5.6 ng-L"! or more for 48 and 96 hours (Miller et al. 1979). Lake trout and
brook trout exhibited the least sensitivity of the salmonids, when exposed as eggs to waterborne
T,CDD, with LOELSs of 10 ng-L" for mortality to swim-up (Spitsbergen et al. 1991) and 8 ng-L"
for sac fry rnortality (Walker and Peterson 1994b), respectively. While embryotoxicity assays
- for sensitive endpoints using fish from non-salmonid taxonomic groups yielded relatively low
LOELs (fathead minnow, LOEL = 0.37ng'L", Olivieri and Cooper 1997; . medaka,
LOEL

lesions

tesions = 0.4 ng'L'l, Wisk and Cooper 1990a, b; northern pike, Esox lucius, LOEL, 4,ce gowth =
0.1 ng'L"'; guppy, LOELy, necrosis = 0.1 ng-L™'; Miller et al. 1979), these parameters are still an
order of magnitude higher than the mortality and growth response LOEL of 0.038 ng-L"' for

rainbow trout (Mehrle et al 1988).

As mentioned earlier, the most sensitive response (lowest LOEL) to PCDD/Fs from the available

data, based on nominal tissue dose/measured tissue residues, were elicited from rainbow trout.

In addition to evaluating the effects of graded water concentrations of T,CDD on juvenile

rainbow trout, Mehrle et al. (1988) also examined their response to graded water concentrations

of T,CDF (<0.001, 0.02, 0.05, 0.09, 0.20 and 0.44 ng TEQ.L™). Following a 28 day depuration
‘ phase that'-' was preceded by a 28 day exposure phase, the LOEL for mortality was
. 0.027 pug TEQ- kg ww. Similar LOELSs, rangmg from 0.036 to 0.061 pg TEQkg” ww (in eggs)
for lake trout sac fry mortahty have also been reported (Gumey et al. 1996). Under  a constant
(8°C) or variable water temperature regime (8 to 3 to 8°C) for each test group, these researchers

‘exposed eggs taken from western (Fifty Point) and eastern (Stony Island) Lake Ontario and
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o detall in a separate sectlon below (see Sectlon 8. 3)

hatchery lake trout to 0-150 ng T CD.D-L'l and eggs from southwestern Lake Superior (Gull

Island) lake trout to. 0 100 ng T4CDD L. Eggs exposedto T, CDD and mamtalned at elther 8°C

or 8 3-8°C had similar sac fry moralities assomated with blue sac dlsease (Guiney et al. 1996).

- Whlle salmonids appear to be the most sensitive - taxonomic . group, the LOELleSlonS -

(0. 04 ug TEQ kg wWwW) for fathead minnows exposed as eggs to 0 to 10 2 ng T,CDD- L (Ohv1er1 _

and Cooper 1997) falls within the range ‘of LOELs determmed for lake trout. Slmllarly, the mean

~ nominal tissue dose LOELmortallty for coho salmon (359 exposed for - 24, 48, and -96 h' to

waterborne T, CDD by Miller et al (1973) was 0.056 He TEQ- kg ww, but the statlstlcal

significance of thls finding was not reported and the nominal tissue dose was calculated under

- the assumption that the fish would take up all of the available T,CDD (i.e., no loss of T,CDD due -

to volatilization, binding to surfaces of the holding container etc.). Other salmonids, namely’

brook trout and cisco/lake herring (C()regonus artedii) are less sensitive than rainbow trout or
" lake trout to the effects of PCD‘D/F s by at least an order of magnitude on a tissue residne‘basis.
~Walker and Peterson (1994]5) found that the LOEme’,ity for brook tfout sac fry exposed as eggs '
100, 4, 6, 8, 10, 15, 20 or 30'ng T,CDD-L" was 0.185 ug ‘kg"' ww egg,' while cisco/lake herring

‘eggs exposed for 20 minu'.ce\s- fo 31 ng T,CDD-L" diSplayed a LOEL for survival of -

O 270 ug kg wWW egg (Elonen et al. 1998). Similarly, medaka exposed to 0, 0.5, 2.4, 7.0, 12.0,
33.5, or 57 9 ng T CDD-L! as eggs had a LOEL,esmns of 0 3 ug kg WW dechlorlnated embryo
Other taxonomic groups for which data are available reveal less sensitive responses. Elonen et

al. (1998)" exposed egg's from northern pike, channel catfish '(I'ctalaru‘s punctatus) and white

'.sucker (Catast(_)’nius commersoni) for»‘vafions times to waterborne T,CDD (208 31, and. ,‘

285 ng T4CbD-L respectlvely) and- determmed that the LOELS for survwal were 1. 800 0.855,

~and 1.960 ug kg ww egg, respectlvely

'Blochemlcal responses of fish exposed to PCDD/Fs (e.g., enzyme induction) are discussed in

A
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-8.1.2 A;nphibiqns and Reptiles

| ‘Few researchers have addressed the responses of amphibians to PCDD/Fs but limited data
~ indicate that this'group of orgamsms is relat1ve1y insensitive to the tox1c effects of T,CDD.
- Srngle doses of T,CDD, adm1mstered by interperitoneal (ip) injection, of up to 1000 ugkg"
_body werght (bw) to bull frog (Rana catesbeiana) tadpoles and 500 pg: kg bw_ to-adults, for a

period of 50 and 35 d, respectively, failed to produce any dose related effects on survival (Beatty

~etal: 1976). ‘American toad (Bufo amerzcanus) and green frog (R clamztans) eggs exposed for .

© 24-hr to 0.003-30 and 0.3-100 pg T, CDD ‘L, respectively, showed no: 51gn1ﬁcant increase in

B mortality relative to controls (Jung-and Walker 1997). Mean concentrations as high'as’-l9 331
. and 73 717 ng T4CDD kg' were measured in the -American toad and green frog eggs,

' respectwely Leopard frogs (R. pipiens) are more sensitive to the toxic effects of T, CDD as

, mortahty was significantly increased (>10%) in eggs that had been exposed 3 ng dﬂ
drsplayed a mean concentratlon of 17 486 ng-kg'.(Jung and Walker 1997). No 1nformat10n was

found on the toxic effects of PCDD/F s to reptiles.

: 8.1.3; Invertebrates

'In general 1nvertebrates appear to be less sensitive to the tox1c effects of water bome T CDD

-than® ﬁsh‘ For example no s1gmﬁcant effects on the surv1val of Daphma magna were observed .

- following 48 hour exposures to concentrations ranging from 0.2 to 1 030 ng-L’! (Adams_ et_ al. i _

-7 1986). Likewise no adverse effects on growth or reproduction were observed when D. magna

. were exposed for up to 32 days to an average T4CDD concentration of 31ngL' ina

, .eontaminated mesocosm (Yockim et al. 1978). Pupation of mosquito (4edes aegypti) larvae was

" unaffected by a'17 day éxposure to 200 ng'L" of T,CDD (Miller et al. 1973).

. Oligochaetes and snails appear to be somewhat more sensitive to T,CDD than. crustaceans or
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insects. Mrller et al (1973) reported that a 55 day exposure to 200 ng L' T,CDD resulted in a
19% reduction in the reproductlve success of the oligochaete, Paranazs sp. This response was

manifested by slower population growth and lower overall biomass in the test group relatlve to

" the control group. Srmllarly, a 30% reduction in reproductive success was reported in snails

- (Physa spp.) exposed to 200 ng-L"! for a period of 36 days (Miller et al. 1973). No adverse

effects on growth or.reproduction were observed in snails (Helosoma spp.) following a-32 day

exposure to an average concentration of 3.1 ng-Lf'l (Yockim etal. 1978).

8.1.4 ~ Plants

Aquatic plants appear to be relatrvely insensitive to the toxic effects of T CDD. Yockrm et al

(1978) reported that long term (32 day) exposure to T, CDD levels of 3.1 ng-L"’ had no effect on
the growth or reproductron in the alga, Oedogonzum cardzacum Similarly, Isensee and Jones
(1975) reported no adverse effects when O. cardiacum or duckweed (Lemna mmor) were
exposed for 33 days to T CDD concentratlons of 1330 nng in " static toxrcrty tests.

Furthermore, no adverse effects were noted on the aquatrc macrophytes slender waterweed

(Elodea nuttallz) and coonta11 (Certophyllum emersum) followmg exposure to 53. 7 ng-L’! for

' ‘several months (Tsush1moto et al. 1982).

8.2 Effects from PCDD/Fs in Marine Waters

No studies were found on the toxicity of PCDD?F__S on water-borne marine organisms.
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8.3 Biochemical Responses in Fish

' ‘Biochemical effects of PCDD/F exposure have been examined in a variety of field and laboratory

situations. Typically, enzyme-induction either.as EROD or-AHH actiyity has been measured

) A although other parameters are infrequently recorded as'ev.idenced by Spitsberg'en et al (1988a)

who found that both the number of leukocytes and thrombocytes were srgmﬁcantly reduced in
- the blood of Juvenrle rainbow trout that had been exposed to nominal T,CDD tissue doses of at

least 1 pg-kg’ ww. Elevated MFO induction has been correlated to 1ncreased body burden levels

of PCDD/Fs in fish exposed to bleached kraft_pulp mill effluents (BKME) in a number of field.

and laboratory studies (Hodson et al. 1992; Servos et al. 1992¢; Servizi et al 1993' Munkittrick
- et al. 1994 van den Heuvel et al. 1995; 1996). . While PCDD/Fs are known 1nducers of MFO

+ . there is growmg evidence that other components of pulp mill efﬂuent such as naturally

- occurring plant steroids, may also contribute to this biochemical response in fish (Servos et al.
1992c"Munkittrick et al. 1994; van den Heuvel et al. 1995, 1996). Hence, the correlation of
" MFO 1nduct10n to body burden levels of PCDD/Fs may be coincidental in situations where

: whole or dlluted mill efﬂuent 1S tested

. Servizi et al. (1993) exposed ﬁngerhng chrnook salmon (Oncorhynchus tshawytscha) to various
‘ .concentratlons of bio-treated bleached kraft mill efﬂuent (TBKME) at concentratrons and

temperatures typ1cal of the Fraser RIVCI‘ ‘BC (Table 31) Efﬂuent samples were - analyzed for

,contamrnants “including resin - acids, chlormated phenols chlorlnated guaracols and T

- ’tetrachloro catechol as. well as PCDD/Fs throughout the study EROD act1v1ty levels were
1ncreased approx1mately 2.5- fold among fish exposed to 1. 5% and 4% (v/v) efﬂuent/clean L
o freshwater for days 1 60 and 0.3% and 8% v/v) efﬂuent/clean freshwater for days 61- 144 After |

L 'ﬁsh had been malntarned in clean seawater for days 145 to 210 (representmg the migration from

the Fraser R1ver to seawater) the response returned to control levels. Laboratory and field

: ,EROD data for ﬁngerlmg chinook salmon from this and other studies by the same researchers

. 'janalyzed Jomtly, showed a hrgh hnear correlation between EROD act1v1ty and TEQ body burden
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in ng'kg' ww (p<0.01, r=0:843, df=270). - Servizi vet al. (1993) concluded that -there was an
apparent threshold for MFO induction Beiween 0.3 and 1 ng TEQkg"' ww, based on whole body
tissue concentrations and TEFs from Walker and Peterson (1991). For this particular data set,
the TEQs calculated using TEFs from Walker and Peterson (1991) are approximately 68% Qf the
TEQs calculated using WHO 1998 TEFs for fish (van den Berg et al. 1998); therefore, based on
WHO 1998 TEFs, the induction threshold occurs between 0.4 and 1.5 ng TEQ-kg"' ww. While
the correlation between EROD activity and TEQ body burden does not necessarily mean that
T,CDD, 2,3,7,8-TCDF, 2,3,4,7,8-PCDF, and 1,3,4,8,9-PCDF (the congeners detected in the
effluent) were the only inducing compounds in either the field or laboratory data, it does indicate

that if these were not the only inducers, the unidentified inducers appear to correlate with them.

Hodson et al. (1992) captured fish from sites above and beloiv a bleached kraft pulp mill on the
St. Maurice River, QC and measured MFO induction, physiological effects, and tissue levels of
PCDD/Fs. Liver MFO activity, measured as AHH activity, was 10-fold higher in white suckers
from downstream of the mill than in upstream (control) suckers. Geometric mean concentrations
of total 2,3,7,8-substituted PCDD/Fs detected in the gutted carcasses were 7.93 ng-kg” ww in

upstream fish compared to 206.93 ng-kg” ww in fish captured immediately downstream from the

mill. Conversion of these levels to TEQs using WHO 1998 TEFs for fish implies a gutted

carcass tissue concentration threshold for MFO induction in white suckers between 3.33-and

26.19 ng TEQ-kg"' ww.

In another field study of the physiological effects of seven pulp mill effluents on white suckers,

~Servos et al. (1992c¢) reported an apparent EROD induction threshold of less than 8 ng TEQ'kg™
~ ‘as measured in the liver, which is slightly higher than the range of 0.4 to 1.5 ng TEQ-kg" (whole

body) determined by Servizi et al. (1993) for juvenile chinook salmon. One of the kraft mills

that Servos et al. (1992c¢) examined used littie chlorine bleaching and while its effluent had low

" TEQs, the effluent still resulted in elevated EROD activity. -Thus, it is likely that other

components of the kraft-éfﬂuent also induced EROD activity.
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The results of several recent studies suggest that PCDD/Fs may not be solely responsible for the
MFO induction observed in fish exposed to BKME. Pre-spawning male white collected near
Jackfish Bay in Lake Superior (a site exposed to BKME) and Mountain Bay (a reference site)
were caged for 2, 4, and 8 d in Blackbird Creek, a BKME receiving stream where effluent enters
Jackfish Bay. These suckers did not accumulate TEQs (TEFs from Clemons et al. 1994 and Safe
1987) in their livers (van den Heuvel et al. 1995). While H4IIE bioassay-derived TEQs from
Jackfish Bay suckers showed no significant differences between fish exposed for different
~ periods of time, Mountain Bay sucker liver TEQs showed a signiﬁcant, five-fold increase when
~ fish were exposed to effluent foi eight days. Recall that._ the HéiIIE rat hepatoma bioassay
measures the in vitro P-450-1A-inducing ability of extracts from environmental samples relative
to the potency of T,CDD. This methoci, as opposed to the direct (chemistry-derived)
measurement of PCDD/Fs in environmental extracts, integrates the biological potency of a
mixture of chemicals in the sample including structurally similar P;450-1A-inducing compounds
[see Section 7.3]. At Jackfish Bay, vnn den Heuvel et al. (1996) also measured chemical and
binassay TEQs in white sucker livefs over a four year period during which the pulp mill began
~ secondary treatment cif effluent. While process and treatment imp_rovéments apbeared to be
: ‘succ;cssful at reducing the levels of PCDD/Fs found in white sucker as‘ evidenced by the
significant reductions in analytical and bioaséay TEQs in lii/ers during summer and fall sampling
periods, ielative MFO induction did not decrease over the study period, suggesting that PCDD/FS
~ were not the dominant MFO-inducing compounds in the effluent. Similarly, Munkittrick. et al.
(1994) performed a survey of receiving-water environmental impacts associated with discharges
from. twelve Canadian pulp‘ mills that used chlorine or sulfite kraft processes and variable
- treatment for effluents and found that although white suckers collected near bleached kraft mills

. exhibited the highest hepatic EROD induction and dioxin -levels, elevated enzyme activity was

~also observed in fish from sites that did not use chlorine. Moreover, they also noted that elevated |

- EROD activity was seen even at mills that had secondary treatment for their effluent and that

substantial dilution of apparently nontoxic effluent did not appear to eliminate this response.
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- Finally, Raymond and Shaw (1997) measured EROD activity and T,CDD residues in livers of

mountain whitefish and peamouth chub from the Fraser River Basin and found that while both

measurements were elevated downstream of pulp mills and urban centres, dioxin levels were

low, near, or below detection limits. !

Based on the collective findings outlined above, studies which evaluated MFO induction from
pulp mill effluents should be interpreted cautiously with respect to the assessment of threshold
effect concentrations (TECs) for enzyme induction attributable to PCDD/F exposure. From the

evidence presented above, it can be concluded that TECs for MFO induction determined from

-exposure to pulp mill effluents are confounded by the contribution of enzyme-inducing

compouhds that are either unknown or do not belong to the PCDD/F family. Laboratory data
relating EROD and P-450-1A enzyme induction in fish to.exposure to single PCDD/F congeners

(i.e., not in mixture or as effluent) are available and are appropriate for assessing TECs.

Parrott et al. (1995) exposed rair_lbow trout (200 g) to graded doses of PCDD/Fs (T,CDD,
P,CDD, 1,2,3,6,7,8-HCDD, 1,2,3,4,7,8-HCDD, H,CDD, T,CDF, P,CDF or 1,2,3,4,7,8-HCDF)
Via oral intubation and measured hepatic EROD activity. The TECs for EROD induction ranged
from 16 pg T,CDD-g" ww liver to" 350 pg H7CDng"'WW1iver with TECs for the ‘other
congéners tested intermediate between these two values. Conversion of the data to TEQs yields
a lowest TEC of <0.001 pg TEQ'kg"! ww liver for H,CDD and a maximal TEC of
0.020 pg TEQ-kg"Awwliver.'for 1,2,3,4,7,8-HCDD. -Dato on the enZyme response of ‘carp
(Cyprinus carpio) to ip injections of graded doses of TACDD P.CDD, 1,2,3, 6 7,8-HCDD,
OCDD, T,CDF, P,CDF or OCDF are also available. van der Weiden et al. (1994) found that the
lowest TECs for hepatic EROD induction- ranged from 63.8 pg P,CDD-g"' ww liver to

| 1961 pg 1,2,3,6,7,8-HCDD-g" ww liver for 54-89 g fish'while smaller fish (38-70 g) displayed a
TEC for T,CDD of 339.5 pg-g” ww liver. Carp appear to require higher doses of PCDD/Fs for
* EROD induction to occur than rainbow trout as evidenced by the range of TECs on a TEQ basis;

for 54-89 g fish, TECs ranged from 0.0196 pg TEQkg' ww liver for 1,2,3,6,7,8-HCDD to
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0.1476 pg TEQ-kg" ww liver for P,CDF. van der Weiden et al. (1994) also measured P-450-1A
- protein concentrations in the carp livers and TECs ranged from 0.1221 pg TEQkg' ww liver (for
1,2,3,6,7,8-HCDD) to 0.6355 pg TEQ-kg" ww liver (for P,CDD) in 54-89 g fish.

8.4 Effects From PCDD/Fs in Sediment

Waterborne toxicity tests are used to evaluate the toxicity of dissolved PCDD/F to aquafic
organisms. Sediments, however, are a complex matrix and are generally heterogeneous in terms
of their physical, chemical, and biological characteristics.. Sediment-associated organisms may
be exposed to PCDD/Fs that is bound to particulate matter as well as that which is dissolved in
__ the interstitial and/or overlying waters. Consequently, separate tests are required to determine

the effects of sediment PCDD/Fs on benthic organisms.

Spiked-s_ediment toxicity tests (SSTTs) can provide quantifiable relationships between responses
of test orgauisms and chemical 'eoncentrations in sediments under controlled laboratory
conditions. No SSTTs were located which met the CCME (1995) screening criteria for guideline
'.development Nenetheless the following study i$§ included in the current discussion of sediment-
' .assoc1ated PCDD/F s and the effects on benthic orgamsms Barber et al. (1998) tested the effects
of sedlments (TOC = l 8%) sp1ked with T,CDD on the marine amphipod, Ampelisca abdtta

durlng a 10-d whole- sedlment bloassay In this tox1c1ty test, T, CDD concentrations in the test

sedlment following sp1k1ng were measured to be 0.007, <0.001, 1.1, 3.8, 10 and 25 pgkg’.
, Survlval and growth of the amphipods relative to the controls were not affected at any test

concentration.

: Numerous other studies have evaluated the toxicology and chemlstry of ﬁeld collected sediments
>that contam a mixture of sediment-associated chemicals (e.g., Call et al 1991; Ingersoll et al.

1992? Bedard and Petro 1997; Crane and Schubauer-Berigan 1997; Jaagumagi and Bedard 1997).
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- These studies provide evidence for associations between exposure to chemicals in sediments and

adverse effects on biota. Such data reflect the interactive effects of chemical mixtures as well as
the influence of various factors (e.g., sediment particle size and organic carbon content) on the
bioavailability. and ‘toxicity of chemicals. These studies -are field-based (although some
laboratory manipulation of field-collected sediments may be a part of the study), assess
sediments with a range of concentrations of PCDD/Fs and other chemicals, may include a
number of test sites, may test a variety of organisms and toxicological endpoints, and may
include measurements of the physicochemical characteristics of the sediment and/or interstitial
and overlying waters. Toxicological endpoints commonly measured in laboratory bioassays of
sediments collected in such studies primarily include mertality, development of deformities and

impaired development of sexual maturity of benthic organisms. Alternatively, benthic

_invertebrate taxa may be enumerated and various indicators of the health of benthic invertebrate

communities, such as abundance, may be reported.

Although effects of individual chemicals on benthic organisms are difficult to infer from field
studies, associations between chemical concentrations and »biological effects can be identified.
The degree to which'concentrations of an individual chemical are associated with observed
effects can be determined by examrning the difference in concentrations between sites at which

effects are observed and those at which no effects are observed. As described in CCME (1995),

concentrations associated with non- -toxic, reference or control condltlons can be described as

having no effect. There are several instances in which the concentrations of the chemical of
concern, in th1s case PCDD/F s,:can also be described as having no effect. These 1nclude where
there. is little or no concordance between chemical concentratlons and the occurrence of effects
(i.e., when chemical concentrations differ only slightly between toxic or non-toxic sites, or when
concentrations are actually higher at non-toxic sites), or where chemical concentrations are the

same at toxic and non-toxic sites. In such cases, the observed-effect is likely associated with the

presence of other chemicals or other unmeasured factors; however, when concentrations of the

' chemical of concern are substantially higher (i.e., by a factor of two or greater) at toxic sites, the
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concentration may be described as being associated with an effect.

Data from a number of field studies -have been compiled and evaluated in this manner for the
purpose of deriving Canadian SQGs as described further in Section 10. The following examples
illustrate the use of field data in assessing associations, according to the above procedure,
between sediment-associated PCDD/F concentrations and benthic commu'nity or toxicological
endpoints TEQs were calculated using WHO 1998 TEFs for fish and include PCDD/F

congeners only (van den Berg et al. 1998).

Ingersoll et al. (1992) summarized information collected from benthic surveys of several areas in
the Great Lakes basin-,'including the Buffalo and Saginaw rivers and Indiana Harbour. Mean
TEQ concentrations in the collected sediments ranged from 0.0014 to 214 pgkg'. 'Relati_ve
densities of those species present were used to assess the health of benthic communities. For
~ example, low abundance of Chironomidae was observed at sites in the Saginaw River with a
.mean TEQ concentration in the sediment of 0.23 ugkg’. In comparison, the mean TEQ
concentration in sediments \'Jvhere' high abundance of Chironomidae was observed to be
0.046 pg'kg”’. A TEQ concentration of approximately 0.2 mg kg™ may therefore be considered
- to be associated with, and contributing to, the observed low abﬁndance of- these benthic

. invertebrates.

In other studies, the toxicity of field-collected sediments has been assessed using sediment
.bio_assays. When chemical concentrations in the sediments are also measured, associations can

be established between those concentrations and the toxicological endpoint. For example,

. sediments collected from Canagagigue Creek; ON, were assessed for their potential toxicity to an

: amphipod (Hexagenia limbata), midge larvae (Chironomus tentans), and fathead minnow -

: (Jaagamag1 and Bedard 1997). Mean TEQ concentrations in groups of samples ranged from

0.012 to 0.18 mgkg'. Endpoints measured in bioassays of collected sediments included survival

' and growth. Fleld-collected sediments that significantly reduced these endpoints were deemed :
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‘toxic",‘ For exarnple, sediments containing'a mean TEQ concentration of 0.18 pg kg were
significantly :toxic (i.e., 50% mortality) to H. lintbclta after 21 days eXposure (Jaagumagi and
l3edard 1997). In comparison, sediments with a mean TEQ concentr_ation'o‘f 0.012 pgkg' were
not significantly toxic (i.e., 0% mort'ality) to H limbdta in the' same bioassav (Jaagumagi and h

Bedard 1997).

S1m1lar types of toxrcologwal information are available for marine sedlments For example
Wrndom et.al. (1993) evaluated the toxicity of sediments collected from Brunsw1ck Harbour

Entrance, Georgia, to benthlc invertebrates including my51ds (Myszdopszs bahza) “and sea urchins. ..

‘ (Arabacza purictulata). Mean TEQ concentrations in the sedlments ranged from 0. 00056 to .

0 0049 ng-kg'. Slgmﬁcant mysid mortality (i.e., 16%) and a 51gn1ﬁcant reductlon of normal N :

development of sea urchins (i.e., 14.6% normal development) were assocrated w1th mean TEQ

' concentrat1ons in sedrments of 0. 0045 and 0. 0049 ugkg’, respectwely In comparlson no

significant effect on mys1d mortality (i.e., 6.33%) or normal sea urchin development (i.e., 88 2%)

was observed in " sediments w1th mean TEQ concentrat1ons of 0.031 and 0.00056 pg-kg™,

| ‘respectrvely Th1s study, 51m11arly to the freshwater studies discussed above (and data from other

marine and freshwater studies that have been compiled for the der1Vat1on of SQGs as outlined in -

~ Section, 10), provides add1t1onal evidence that TEQ concentratlons in sedrments are associated

- with effects on exposed organlsms

‘While SSTTs oan.‘be ‘used to establish- cause-andjeffeet relationships between PCDD/F .

Vconeentrations and biological responses, a limited amount of this type of information exists for -

PCDD/Fs. Field studies. prov1de ev1dence for. assoc1at1ons between TEQ concentrat1ons in

sediment and observed tox1colog1cal endpomts in the presence of chem1cal m1xtures Both types .

- of stud1es provide 1n51ghts mto the toxicity of - sed1ment-assoc1ated PCDD/Fs to benth1c o

orgamsms Informatlon on the toxicity of sed1ment-assoc1ated PCDD/Fs (mcludmg results from :

.ﬁeld studles and SSTTs) is requrred to derive Canadlan SQGs for PCDD/F S, as described i in *

- Section lO
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85 Summary of Toxicity to Aqu‘atic Organisms

To 'summarize of all species the available data on sensitive and toxic endpoints indicate that -
’rambow trout have y1elded the most sensrtlve responses in terms of LOELs to PCDD/F exposure.
| On a tlssue resrdue ba51s for LOELs, lake trout are nearly as sens1t1ve as rambow trout to‘l’
" PCDD/F exposure when mortallty is compared as the endpomt Nonetheless the LOEL of :
B 0 038 ng TEQ Lt for growth (after 28 days exposure) and for mortalrty (for 28 days exposure "

: .and 28 days depurat1on) in juvenile rambow trout was the most sensitive LOEL found in the -

hterature as a result of water-borne exposure to PCDD/Fs (Mehrle et al. 1988) Similarly, the

‘most sensrtrve LOEL based on a nominal tissue dose/measured tlssue resrdue “was

0027 ug TEQ: kg ww (for T, CDF) (Mehrle et al. 1988) Fmally, blochemlcal effects of B
. PCDD/F exposure. are confounded when complex envrronmental mixtures (pulp mill efﬂuents)f :
" are assessed due to the presence of enzyme- mducmg compounds other than PCDD/Fs, but =

‘ "'laboratory studres md1cate that the lowest TEC for hepatic EROD induction. occurred at :.
; <O 001 ug TEQ kg wWwW l1ver (for H CDD) in rainbow trout (200 g) (Parrott et al. 1995).
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9. WATER QUALITY GUIDELINES FOR THE PROTECTION OF AQUATIC LIFE

Can‘adian Water Quality Guidelines (WQG) for the Protection of Aquatic Life vvere'derived
according to the formal protocol developed by the CCME (1991a). In this approach the lowest
observable effect level (LOEL) is divided by an uncertainty factor to estimate long term exposure

level that protects the most sensitive life stage. of the most sensitive .spec1es from adverse effects.

- Sufficient information is available to recommend a full freshwater quality guideline.‘ As ‘marine

data is lacking, the freshwater guideline was adopted as an interim marine guideline. Disc_u‘ssion

.of the tissue residue based equilibrium partitioning approach (TRB-EqPA) for deriving water’

quality values- lends support ‘to the uncertainty factor chosen for the guidellne derivation

' procedure “These derivation procedures are detailed below.

9.1 CCME Protocol

The goal of a Canadian. Water Quality Guideline is to protect all life stages during an indefinite
exposure toa given compound found in water. As’ such all components of the aquatic ecosystem
(e.g., algae; macrophytes 1nvertebrates fish) are con51dered where data exist and a_ smgle

maximum value based on a long-term no-effect concentratlon is recommended The protocol for

“the derlvation of Canadian Water Quality Guidehnes for the protection of aquatic life has been

previously published (CCME 1991a) In short gu1de11nes are preferably derived from the

lowest-observable-effect level (LOEL) from a ChIOl’llC study using a non-lethal endpomt for the

most sensrtive life stage of the most sensitive aquatic specres 1nvest1gated the LOEL must be .
‘ statistically 51gn1ﬁcant. The LOEL is multiplied by an appropriate uncertarnty factor to arrive at

h the 'guideline value. “The use of an uncertaintyfactor takes into account differences in sensitivity ,

to a chemical variable due to differences in species, laboratory versus field conditions, and test

endpoints. Where chronic data is limited or lacking, guidelines can be derived from acute studies h
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by convertlng short term median lethal or median effective concentrations (LC50, ECJO) to lon0-

term no- effect concentratlons (CCME 1991a).

- The adverse effects of PCDD/Fs on aquatic organisms are summarized in Chapter 8. Freshwater

fish exhibit a wide. range of sensitivities to PCDD/Fs, ‘however, of all species, rainbow trout:

yielded the most sensitive responses in terrns of LOELs to PCDD/F exposure (Table'3l) ‘The
LOEL of 0.038 ng TEQ-L™ for growth (after 28 days exposure) and for mortahty (for 28 days

exposure “and 28 days depuratlon) in juvenile rainbow trout (Mehrle. et al. 1988) was the most

- sensitive LOEL found in the literature for endpomts measured as a result ‘of water-borne .

exposure to PCDD/Fs This study is considered to be a chronic toxicity assessment sirice the

' durat1on of the exposures encompassed a part1al or full hfe cycle and steady state body burdens

of T,CDD were not achiéved. Therefore, in accordance w1th CCME protocol (CCME 1991a) the _‘ |

most sensitive LOEL of 0.038 ng TEQ'L"' is mult1p11ed by an uncertainty factor of Q.OOI, to
- result‘in a Canadian WQG for the protection of freshwater aquatic lifeof 0.038 pg TEQ-’L":.‘ This
uncertalnty factor was chosen for two main reasons. First, an uncertainty factor'of 0. Ol 1S
‘ typlcally chosen for per51stent substances in the environment (CCME 1991a) Con51der1ng half-
“lives in Vanous media (see Chapter 4), PCDD/Fs are persrstent as defined by the- Toxic
) Substances Management Policy (Env1ronment Canada 1997) Second that dioxinis and furans

also. readlly accumulate in aquatlc biota (BCF,, =175 245) Justlﬁes the use -of an add1t1onal

lipid

. level of safety to account for bioconcentration. The TRB- EqPA for water was used to determine

‘ to how large the addltlonal safety margm should be. As descrlbed below an additional factor of
: 0.1 (for a total uncertalnty factor of 0.001) provrdes sufﬁment protectlon to freshwater life from
~.chronic exposure of PCDD/F s. The WQG for freshwater is also comparable to water quahty

values set by other Jur1sd1ctlons (see Section 9. 3)

’ '.Insufﬁc1ent tox1colog1cal data were ava1lable to support the derlvatlon of a water qual1ty, o

' guldehne for the protectlon of marine and estuanne aquatic l1fe Thus the freshwater guldehne

' .Of 0. 038 pg TEQ S 1s adopted as an 1nter1m manne/estuanne gu1del1ne untll sufﬁc1ent data
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become available.

-

| 9.2 Supporting Evidence - Tissue Residue Based Equilibrium Partitionihg Approach
(TRB-EqPA) |

As described above, the formal protocol was used for the development of water quality

guidelines (CCME 1991a). The discussion below outlines the tissue residue based equilibrium

partitioning approach (TRB-EqPA) for water that was used to determine to how large the
additional safety margin needed to be to account for the bioaccumulation of PCDD/Fs. " In this
method, a water quality value is calculated from a threshold effect concentration (TEC) in tissue

and a bioconcentration factor (BCF).

As reviewed in Section 5.1, bioconcentration refers to the direct uptake of a substance from watef
across the gill membrane by aquatic organisms and is different from bioaccumulation which also
takes into account dietary uptake. BCFs describe the magnitude of this process and are a
measure of the ratio between the concentration of a substance in an aquatic organism and the

concentration in the water. Through the use of a suitable BCF and a threshold effect

concentration (TEC, in tissue), it is possible to estimate, by back-calculation, a TEQ

concentration in the water that is not expected to result in adverse effects in aquatic life.

- Essentially, this type of an approach assumes that equilibrium partitioning processes between the

biotic phase (tissues of aquatic organisms) and the abiotic phase (water) will occur. The
derivation of TEQ level in water using this approach requires two values: i) a lipid-normalized

TEC in tissue that represents a level above which adverse effects would be expected to occur,

and 1i) a labb_ratory-dei‘ived,-l_ipid-normalized, steady-state BCF. Division of the TEC by the

BCF should yield a concentration in water that will not result in the bioconcentration of
PCDD/Fs to harmful levels in the tissues of aquatic organisms. Additional information on TEC

and BCF values is provided in the following sections of this chapter. -
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The underlying impetus for using this method in which water and sediment quélity values are
determined by back-calculation from a TEC in aquatic tissues is thre;efold. Firstly, a TEC is an
additional assessment tool by which to measure potential adverse effects of a substance in
environmental media such as water or sediments. This is particularly true of hydrophobic,

bioaccumulative substances that readily partition into the organic fraction of the environment.

For instance, although sediments may act as an important source for the transfer of PCDD/Fs- .

into the aquatic’ food chain and are generally regarded as a res_érvoir for these substances in

aquatic systems, they often contain PCDD/Fs at limits which are near or below detection

capabilities (Fletcher and McKay 1993). Similérly, due to the strong hydrophobicity and |

partitioning behaviour of PCDD/F s, concentrations in environmental water samples are also near

or below detection limits (Grimwood and Dobbs 1995). Therefore, it is not always possible to

- define effect versus no-effect levels.

Secondly, fundamental toxicological theory advocates that exposure water concentration is only
a surrogate for the toxic dose (or ‘effective’ dose) within the body of the organism, and further,
 that the whole-body residue is itself a substitute for the amount of toxic substance at the site(s) of

toxiév action (Filov et al. 1979). The exposure water (or sediment) concentration may only be

reliably employed when the relationship between the exposure r'n.e'dium and the body residue is

known and clearly understood (McCarty et al. 1992; Walker and Peterson 1994a).

Thirdly, several factors exist that may affect the potential for a toxic substance to exert adverse
biological effects on aquatic biota. TECs have inherent consideration of factors that tend to vary
among species, including, a) bioavailability of the toxic substance, b) source of uptake, c) effects

- . of metabolism on accumulation, and d) accumulation kinetics (McCarty and Maékay 1993).
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- 9.2.1 Threshold Effect Concentration (TEC) in Tissue

“The steps to derive the TEC in tissue that was used in the calculation of the water-based value are

detailed below. A TEC based on hepatic EROD induction (i.e., the minimum dose causing
statistically signiﬁcant_ increases in EROD activity above controls) was chosen based on the data
from Parrott et al. (1995) that focused on responses to Vérious PCDD/Fs in 200 g rainbow trout.

The steps taken to derive the particular TEC in tissue that will be used in the calculation of the
water-based_i/alue are detailed below. Foremost, it may be argoed that an MFO induction
threshold (i.e.; a TEC based on EROD induction) may be a more appropriate measure to use with
respect to effect characterization than the lowest LOEL value (based on tissue concentration for
other sensitive or toxic endpoints) because the enzyme induction f,epresents a conservative limit
(see Section 7.1.2). " As stated earlier, MFO induction alone does not necessarily indicate the
triggeﬁng of a harmful effect, but PCDD/Fs apparently cannot evoke'va toxicfrespo'nse unless
MFO induction occurs. To date, enzyme induction is the most sensitive marker to indicate that
an adverse biolog‘ical effect or toxic response 'may transpire. Thus, a TEC based on EROD
induction should provide an acceptable safety margin for the calculation of a concentration in
water of PCDD/Fs that will not cause adverse effects in aquatic organisms. The TEC should also
be on a lipid welght rather than a wet weight basis because the mean BCFllpld that will be used is
based on lipid weight. Fmally, the TEC based on EROD induction should not include data

derived from studies where organisms were exposed to bleached kraft mill effluent (BKME). As

mentioned in Section 8.3, recent evidence suggests that the role of PCDD/Fs in causing MFO

induction in fish exposed to BKME is questionable.

The laboratory’ studies of Parrott et al. (1995) indicate that the lowest TEC for hepatic EROD
induction occorred atv<0 001 pg TEQ-' ww liver (for H ,CDD) in rainbow trout. A TEC based on
the lowest TEC is deemed to be unnecessarlly conservatlve in consideration of the safety margin -
already established through the use of a TEC based on enzyme induction rather than a toxic

endpoint. Thus, a_ geometric mean TEC was calculated to represent an overall threshold effect
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level. The lowest LOEL based on a nominal ‘tissue dose/measured- tissue residue of
0.027 hg TEQ'kg" ww (for T4CDF ) for mortality in juvenile rainbow trout determined by Mehrle
et al. (1988) was set as the upper limit above which TECs for EROD: induction should not be
included in the calculation of the geometric mean TEC. Using an estimated lipid fraction of 5%
(cited from Schmieder ¢t‘al. 1995) for 0.38 g rainbow trout, the LOEL (0.027 ug TEQ-kg' ww)
can be converted to a lipid weight basis resulting in an LOEL for mortahty of
0.540 ug TEQ'kg™ lipid. The TECs for hepatic.EROD induction for 38 to 89 g carp measured by
van der Weiden et al. (1994; see Table 31) ranged from 0.0638 pg TEQ-kg" ww for P,CDD to
0.0196 ug TEQ'kg" ww for 1,2,3,6,7,8-HCDD corresponding to 0.8 to 29.7 pg TEQ-kg™ lipid
(from van der Weiden et al. 1994), respectively. Clearly, these TECs are above the
0.540 pg TEQ-kg™ lipid upper limit and were not included in the calculation .of the mean TEC.

The TECs determined by Parrott et al. (1995) on a lipid weight basis, were however, all lower
than this limit and were all included in the calculation. The TECs for hepatic EROD induction
for T,CDD, H,CDD, H,CDD, T,CDF, 1,2,3,7,8-PCDF, 2,3,4,7,8-PCDF, ‘and H,CDF (0.016,
0.020, <0.001 set at 0.001, 0.002, 0.002, 0.0024, and 0.005, respectively) converted to a lipid
weight'basi_s using an average lipid content in liver of 28% (J.L. Parrott, Departinent of Fisheries
- and Oceans, Great Lakes Laboratory for Fisheries and Aquatic Sciences, Burlington, Ontario,
pers. com.) resulted in con;sponding TECs of 0.057, 0.071, 0.004, 0.007, 0.007, 0.0086, and
0.018 pg TEQkg lipid, respectively. Subsequently, the geometric mean TEC from these
numbers is 14 ng TEQ-kg" lipid. This value, converted to a wet-weight basis (assuming a 5%
E whole body lipid level" Schmieder et al. 1995), is 0.7 ng TEQ-kg", a value nearly identical to the
tlssue re51due guideline (TRG) of 0.71 ng TEQ kg for the protection of wildlife consumers of

aquatlc biota derived herein (see Chapter 12).

9.2.2 Bioconcentration Factor (BCF)

The BCFs;; recorded for T,CDD were the highest of all congeners hnd, therefore, may be used
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. as a conservative measure to estimate uptake of PCDD/Fs from water only. (not including uptake

from food or sediment exposure). The geometric mean BCF,;; for T,CDD calculated from the

steady-state (or estimates thereof) data for resident fish species is 175 245 (see Section 5.1 and

. Table 12). This value integrates species differences, differebnitial ‘exposure conditions (i.e.,

variable water concentrations, dissolved organic carbon levels in the water etc.), various life
stages, and reflects different analytical methods of determining BCFs. The latter factor refers to
the treatment of the water samples when estimating the water concentrations of T,CDD.

Specifically, whether samples were whole (i.e., unfiltered), filtered, or passed through cartfidges

- designed to measured the truly “dissolved’ T,CDD. The mean BCF,;, reflects only freshwater

conditions as data pertaining to marine/estuarine environments were not located in the Hterature.
The mean BCF,,;4 was calculated on a lipid-weight basis to remove variability attributable to
lipid content. It is general}y accepted that the size of the lipid pool in an organism will éffect the
concentration, expressed on a wet weight or dryb weight basis, of  lipophilic compounds.
PCDD/Fs are highly lipophilic substances and accumullate in fatty tissues. For example, Servos
et al. (1994) reported that, on a wet-weight basis, the concentration of PCDD/Fs in the liver -
tissue of white suckers '(Catastdrhu;v commersoni) was up to 45 times greater than in the muscle
fillet of the same fish. This difference was eliminated if th¢ concentrations were normalized for

the lipid contents of each tissue type. Finaily, the mean BCF 4 of 175 245 incorporates only

lipi

~ data from studies where uptake of T,CDD into aquatic ‘organisms. was unequivocally due to

uptake from water only and not thiough ingestion of contaminated food or sediment. Field-

.deriv.ed ‘BCFs’ (or BAFs), although reﬂécting real world processes, including uptake from food

and/or sediment, may introduce site-specific or local variability into a comparison of uptake into

aquatic organisms. ‘Another advantage to evaluating-laboratory-derived BCFs as opposed to

 field-derived BAF s is that steady state conditions (or lack thereof) may be readiiy assessed while

this is difficult or impossible with field investigations.

- February 9, 1999 ’ Co12 . ' Draft copy for review purposes orﬂy .

Guidelines and Standards Division, Environment Canada - ’ . B Dc_) not cite or circulate .



- 9.2.3  Water Quality Value calculated from TRB-EqPA

'Dividing the mean TEC of 14 ng TEQkg" lipid by the mean BCF,,, of 175 245 re§ults n a
water based value of 0.08 pg TEQ-L" that is not expected to result in adverse effects in
~ freshwater life. This value provides support for an additional margin of safety for the value

derived using the CCME protocol approach.

- 9.3 Water Quality Values from other Jurisdictions _

~ The U.S. EPA has reported acute and chronic lowest observed effect levels for T;CDD of
10 ng'L" and 10 pg'L", respectively (U.S. EPA 1990). More recently, the U.S. EPA (1993)
reported low risk water levels of T,CDD for the protection of fish of 0.6 to 3.1 pg'L"', depending

on the level of particulate organic carbon in the water.

o A guideline of 10 pg-L" for the protection of the aquatic ecosystem in the Great Lakes has

._frequently been ascribed to the International Joint Commission (IJC). This value originated from
a recommendation made by the IJC (1980) that T,CDD should be (analytically) absent (i.e., not

detectable) from all compartments of the ecosystem. At that time, the detection limit for this

. substance in water was 10 pg-L™". The National Wildlife Federation and the Canadian Institute

for Envirohmental, Law and Policy (NWF and CIELP 1991) recommends that the water quality
standard for T,CDD in the Great Lakes should be no more that 0.0067 pg-L"_. This level was

 recommended to protect wildlife from adverse effects associated with the consumption of

T4C‘DD-,conta1ninated aquatic organisms. In 1995, the U.S. EPA recommended a more

protecti{/e value of 0.0031 pg'L! as the Great Lakes Wildlife Criterion for T4CDD (US.EPA -~

1995,
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9.4 Canadian Water Quality Guidelines

CA. Canadlan Water Quallty Guldelme (WQG) of 0038 pg TEQL for total PCDD/Fs 1s :
'.recommended for- the protection of freshwater llfe This valie was calculated by applylng an -

uncertainty factor of 0.001 toa LOEL of 0.038 ng TEQ L™ for growth (after 28.days exposure) -

and for- mortalrty (for 28 days exposure and 28 days depuratron) in juvenile rainbow trout
(Mehrle et al. 1988). As no data were located on the toxicity of PCDD/Fs to marine or estuarine

organisms, 'the freshwater quality' guideline of 0.038 pg TEQ-L"' for total PCDD/Fs is a'dOpted as '

_the interim water quality guldehne for the protection of marine and estuarine biota, until

sufficient data are‘available to der1ve an effects-based guldehne

- This gu1del1ne is de51gned to protect aquat1c orgamsms from the tox1c effects of water—bome

- PCDDs and PCDFs; s, as well as against the adverse effects which may be assocrated with the |

bioconcentration of these substances dlrectly from the water. The value appl1es to the TEQ
concentratron due to PCDD/FS in whole water samples Itis recomrnended that sedrment quahty ‘

and tissue resrdue guldehnes be used in conjunction with these values to ensure that aquatrc

orgamsms are protected from adverse effects‘assocrated with accumulation via benthic-based

food chains.

Although much smaller than older 10 pg L criteria (1JC 1980; U S. EPA 1990) this gurdehne |

. Value of 0 038 pg-L! is approximately ten- fold larger than more recent values’ (0.0031 and
' 0. 0067 pg: L ) proposed for the protectlon of wildlife i in the Great Lakes Region (NWF and

CIELP 1991 U S EPA 1995). Further as ev1denced by the TRB- EqPA for water, the gu1del1ne '

value of 0. 038 pg: L' is justified by the h1gh BCFllpld for T CDD (175 245) and by the threshold )
) ,effect concentratron (TEC) for t1ssue (14 ng- kg lipid). Moreover the TEC, when converted toa

wet weight basis (0.7 ngkg?); is nearly ‘identical to the TRG for wildlife (0.71 ngkg"),”
suggesting that TEQ toxic threshold for fish applies also to the wildlife that consume them. -
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9.4.1 Data Gaps.

There is a paucity of PCDD/F. toxicity data for marine organisms. To upgrade the Canadian

Watef Quality Guideline for the protection of marine and estuarine biota from an interim to full -
guideline status, the minimum data requirements set forth in the CCME Protqeol must be met
(CCME 1991a). At least three primary toxicity studies on temperate marine fish species are '

required. At least two of these studies must be a subchronic or chronic (partial or full life cycle .

test). ‘For inver’_tebrate_s,;at least two chronic (partial or full life cycle test) studies on two.or more

tempe;ate'marine species from different classes are needed. And, at leas't -one Study on a

temperate marine vascular plant or mari_he algal species is fequired. ~For both freshwater-and-

-marine organisms little information was located on the toxicity of individual congeners other

than T CDD. Few studles were located on the effects of PCDD/F mlxtures w1th the except1on

those which tested BKME. Non- add1t1ve effects and interactions among laterally and non- - - »

; laterally substituted congeners need to be further eluc1dated
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10 SEDIMENT QUALITY GUIDELINES FOR THE PROTECTION OF. AQUATIC

LIFE

The production of PCDD/F s has resulted in.the widespread .distribution of these SubStances in the
Canadian environment and elevated PCDD/Fs concentrations in sediments from a number of
locatlons As discussed earller exposure of benthic organisms to sed1ment-assoc1ated PCDD/F ]
may result in uptake of and adverse biological effects associated’ with, these substances (see -
Sections 5.2 and 8 4) Effective assessment of the potentlal ecological impact of PCDD/F s in
sediments - requ1res an understandmg of the relatronshrps -between sediment-associated
concentrations of PCDD/F s and the occurrence of adverse biological effects. National sedrment
quality guidelines are scientific tools that synthesise mformatlon regardlng such relat1onsh1ps in
a form that is easily communicated .and understood. In-Canada they are develop‘ed' using
tox1colog1cal 1nformat1on and are 1ntended to be nat1onal benchmarks (i.e., reference pomts) to

be used in making dec1s1ons regarding the protect1on of specrﬁed resource uses (e.g., aquatic

life).

“ In Canada, the' CCME has developed a formal protocol to derive numerical sediment -quality |

gu1del1nes (SQGS) for both freshwater and mar1ne (1nclud1ng estuarine)’ sediments to protect

aquatlc life associated w1th bed sediments (CCME 1995) This protocol relies on the National |
Status and Trends Program (NSTP) approach (with modlﬁcatlons) and the Spiked-Sediment
Tox1c1ty Test (SSTT) approach Subsequent to an evaluation of the tox1cologlcal 1nformat1on
Canad1an SQGs (also referred to as 'full' SQGs) are recommended if 1nformat10n exists to

support both approaches Generally, the lower of the two values derived 1 usmg either the NSTP

* approach or SSTT approach 1s recommended (It should be noted that wh1le sufﬁ01ent data
. vcurrently ex1st to calculate SSTT values for several substances concerns regardlng sp1ked-

‘ sed1ment tox1c1ty testmg methodology l1m1t the degree to which these values may be used as the

sc1ent1ﬁc ba51s for recommendmg full SQGs at thls tlme) If insufficient 1nformat10n ex1sts to

der1ve 1nter1m gu1dehnes usmg either the mod1ﬁed NSTP approach or the SSTT approach -
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' “fguidelines from other jurisdictions are evaluatéd and may be provisionally adopted in the short-

- term as interim SQGs. I_nterim Canadian SQGs (ISQGs) are recomrnended if information is
available to support only one approach. The guidelines may also be derived to reﬂect predictive
relationships that have been established between the concentration of the chemical in sediments
- and any envrronmental factor or condltlon (e.g., characteristics of the sedlment such as the
’concentratlon of organic carbon; characterlstlcs of the overlylng water column such as hardness)

~involved in modlfymg the expresswn of the toxicity of the chemical.

Details of the derivation and evaluation of Canadian SQGs for PCDD/Fs are outlined in the
following sections. At present,. insufﬁcrent inforrnation_exists_to derive ISQGs for PCDD/Fs
A- using the SSTT approaCh. ‘Interim SQGs for PCDD/Fs in freshwater sediments have been
. .derived us_ing the modified NS,TP_approach. Discussion of the tissue residue based equilibrium
.. partitioning approach (TRB-EqPA) for deriving sediment ciuality valuesv-lends support to-the
.uncertainty‘ factor chosen for the freshwater ISQG. These derivation procedures are detailed
below. Because there was. insufficient ‘.information available to derive ISQGs for PCDD/Fs in
marine/estuarine sedi_rnents using the_ 'rnodiﬁed NSTP 'approach, the ISQG derived for freshwater

sediments has been.adopted for marine/estuarine sediments in the short term as a provisional

- ISGQ. CCME (1995) should be consulted for a detalled descrlptron of the protocol and its

'i:supportlng rationale.

- 10.1 The_ Modiﬁed National Status and Trends Program (NSTP) Approach

_ The N‘STP approach to'deriving sediment quality assessment \ralues'vuvas originally_developed by
Long and‘Morgan (1990). This approach was adopted, “with some modifications, for usein
‘ developmg SQGs in Canada (CCME 1995) and is therefore referred to in thrs document as the'
- cmodzf ed NSTP approach Modlﬁcatlons to thlS approach include the separate evaluatlon of

1nformat10n for freshwater and marine systems an expansion of the information or1g1nally

complled and the use of denvatlon procedures that consrder all of the complled 1nformatlon (see.
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also Long and MacDonald 1992; MacDonald 1994; CCME 1995; and MacDoﬁald et al. 1996).

The modified NSTP approach primarily relies on the use of field-collected data, in which\
chemical mixtures occur, to derive sediment quality assessment values (Long and Morgan 1990;
Long 1992; Long and MacDonald 1992; MacDonald 1994; CCME 1995; Long et al. 1995). This

approach involves the evaluation and compilation of sediment quality data from numerous

~studies conducted throughout North America, in which sediment chemical and biological data

have been collected synoptically (also referred to as co-occurrence data). Data from individual

" studies are evaluated to establish an association between the concentration of each of the

chemicals measured in the sediments and any adverse biological effect observed. Cause-and-
effect relationships between the concentration of individual chemicals and the observed adverse
biological effect cannot be “inferred from' this evaluation. This information is compiled in a

database referred to as the Biological Effects Database for Sediments (BEDS).

Sediment chemical and biological data currently included in BEDS were obtained from various
studies, including models of equilibrium partitioning in sediments, sediment quality assessment
values from other jurisdictions, spiked-sediment toxicity tests, and field studies (including acute
and chronic toxicity results from sediment bioassays and analyses of benthic community
composition). Candidate studies were critically evaluated according to a numBer of screening
criteria (e.g., appropriate sediment handling procedures, acceptable toxicity test procedures) to
ensure that high quality. data sets wére incorporated into -‘BEDS and that the infdrmation
compiled was internally consistent (MacDonald 1994; CCME 1995; Long et al. 1995;

Environment Canada 1996j.

Information contained in BEDS was sorted_fbr each chemical and sediment type (i.e., freshwater
versus marine) and arranged in ascending order of ‘the chemical's concentration to produce
separate ascending data tables, or guideline derivation tables, for individual chemicals and

sediment types (MacDonald 1994; CCME 1995; Long et al. 1995). These tables summarise the -
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compiled informatioﬁ that associates a chemical’s concentration with either adverse effects or no
adverse effects on aquatic organisms (also referred to as the effect data set and the no-effect data
set, respectively). Data in BEDS pertaining to PCDD/Fs are presented here in Tables 32 and 33.
Concentrations of PCDD/F's are expreSsed as pg TEQkg' dw, which were calculated using the
latest TEF values for fish (van den Berg et al. 1998). The following discussion provides a

general overview of the guideline derivation tables assembled in BEDS.

. The guideline derivation tables for indi{lidual chemicals (e.g., PCDD/Fs; Tables 32 and 33)
consist of a number of entries, each of which belongs to either the effectA data set or the no-effect.
data set, that are sorted accordihg to ascending chemical concentrations (for PCDD/Fs these are
TEQ-based). Entries in the guideline deriVation tables were designated as being associated with
an effect (an asterisk in the 'Hit' column) if an adverse biological effect was reported. These

effects included acute or chronic toxicity observed during a controlled spiked-sediment test,

-apparent effect thresholdé (concentrations above which specific biological effects would always

be expected), and predicted toxicity based on equilibrium partitioning theory (which determines
a sediment chemical concentration that ensures the concentration of the chemical in the
interstitial water does not ekceed the water quality guideline for that chemical at equilibrium).

‘An entry was also assigned an asterisk (effect descriptor) if conéordance was apparent between
‘the- observed biological response and the measured chemical concentration in a field (i.e.,

-co-occurrence) study. Concentrations of individual chemicals reported in field studies were

~ . considered to be associated with the observed toxic response (i.e., concordance was apparent) if

the mean concentration at sites at which significant adverse effects were observed was a factor of
" two or more greater than the mean concentration at sites at which effects were not observed (i.e.,

at toxic versus non-toxic sites) (Long et al. 1995). A factor of two was chosen to ensure that the

difference in the response (i.e., adverse effect) was associated with a significant difference in the -

chemical concentration. For each chemical, all of the entries designated by an asterisk, as

- described above, are collectively referred to as the effect data set.
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All entries in the .gui‘deline derivation tables (e.g., Tables 32 and 33) othet than those designated
by an asterisk are collectively referred to as the no-effect data set, and are represented by those
entries for which chemical concentrations were not associated with adverse biological effects.

These entries include those associated with non-toxic, reference, or control conditions (i.e., no
effects; NE), as well as those for which toxicity may have been observed but the mean -chemical
concentration differed by less than a faétor of two between fhe toxic and -non-toxic-groups (i.e.,
no gradient, NG; sfnall gradient, SG; or no concordance, NC). In the latter case, it was assumed
that other factors (whether measured or not) were more important in the etiology of the observed

effect than the chemical concentration (Long et al. 1995). |

Individual entries in the guideline derivation tables consist of the chemical concentration in the
éediment, an indicaﬁdn of whether‘ this concentration was part of the effect data sét (i.e., *) or the
no-effect data set.(i.e., NE, SG, NG, or NC), location of the study, analysis type (or approach
used), test duration, tbxicological endpoint measured, species and life stage tested, information
on the Vcharacteristics of the sediments (e.g., concentrations of TOC or AVS, physical -
classification of the sedimehts; when avaifable), and the study reference. In most cases,
information for individual entries (i.e., chemical concentrations and sediment chemical and
physical characteristics) represents the means of several saniples. Standard deviations of these
means are provided wherever possible. The following discussion summarises the information

contained in the freshwater and marine guideline derivation tables for PCDD/Fs (Tables 32 and

' 33,respéctively). :

10.1.1  Guideline Derivation Tables Jor PCDD/Fs

" Mean concentrationé of sediment-associated PCDD/Fs range from 0.0083 to 214 pg TEQ-kg™
and from 0.00056 to < 100 pg TEQ'kg™" in the freshwater (Table 32) and marine (Table 33)

guideline derivation tables, respectivély. A number of adverse biological effects are associated

with sediment concentrations of PCDD/F s ranging from 0.0011 to 2.1 ug TEQ-kg™' in freshwater
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sediments and from 0.0012 to < 100 ug TEQ'kg™' in marine sediments.

- The freshwater guideline derivation table for PCDD/Fs (Table 32) contains 82 entries, a major
proportion of which are results from field (Co-occurrence Approach; COA) studies (73%). The
. remaining data (11%) are sediment quality assessment values from other jurisdictions that have
been derived using a variety of approaches, including the Equilibrium Partitioning Approach
- (EqPA), and the Sediment Background Approach (SBA): The marine guideline derivation table
(Table 33) contains 19 data entries, with the_ majority of entries from field studies (84%). The
remaining data (16%) are sediment quality assessment values from other jurisdictions, including
spiked sedfment toxicity values (Spiked Sediment Bioassay Approach; SSBA) and eql_lilibrium

partitioning values.

Amphipoda, Chironomidae, and Ephemeroptera are the most common freshWater taxa for which
toxicological information was obtained and included in the freshwater guideline derivation table,
~whereas Gastropoda, Oligochaeta and fish are less frequently represented. A numbér of benthic
~ taxa are represented in the mariﬁe guideline derivation table, including Echinodermata,
Amphipoda, Mollusca, Polychaeta and Crustacea. In addition, entries are included for a single

- fish species (Menidia berllina). In both the freshwater and marine guideline derivation tables,

- mortality and changes in benthic invertebrate -abundance are the most common indicators of -

adverse biological effects measured in field (COA) studies.

. Information on total organic carbon (TOC), acid volatile sulphide (AVS), unionised ammonia,

and the physical classifications of' the bed sediments is also included for each entry in' the
| guideline derivation tables, when available (Tables 32 and 33). It should be noted,-however, that
individual entries in*the ascending data tabl_es. fepresent means of several samples; therefdre
ranges for characteristics of sediménts summarised below may be narrower than the 'r.anges‘of
these 'variablés repbrted in the original studies from which the tables were derived. Nonetheless,

" these ranges provide an indication of the variety of sediment types represented in the ascending
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data tables. For example, the mean TOC content of sediments ranges from 0.2 to 10.0% and
from 0.1 to 2.8% in the freshwater and marine tables, respectively. The mean AVS concentration
ranges from 2.6 to 44.4'umol'jg'1 i'n'the freshwater studies and from 16.3 to 14 009 pmol-g* in
the marine .Sfudies. The few studies that measured unionised ammonia in interstitial waters
reported values ranging from 0.02 to 0.82 pg-L™" and from 0.25 to 18.25 ug-L™' in freshwater and
marine samples, respectively. The mean proportions of sand, silt, and clay in the freshwater
sediments represented in the ascending data table range from 2.8 to 98.2%, 1.5 to 64.8%, and 2.3
to 83.3%, respectively. The rﬁean proportions in marine sediments, reported from a single study,
were 51.6% for sand, 20.2% for silt, and 28.2% for clay. As the range for each size class is large,

the data in these tables represent a wide variety of sediment types.

10.1.2  Derivation of the TEL and PEL

As is described in CCME (1995), the derivation procedures used to calculate two assessment
values in the original NSTP approach (Long and Morgan 1990) were modified to consider both
the effect and no- effect data complled in the guideline derivation tables. In the modlfied NSTP’
approach, the lower value, referred to as the threshold effect level (TEL), represents' the
concentration below which adverse biological effects are expected.to occur rarely. The upper
value, referred to es the probable effect level (PEL), defines the level above which adverse
effects are expected to occur frequently. Concentrations that fall in the range between the TEL
and the PEL are occa's'ionally expected te be associated with adverse biological effects. The

definition of these ranges (also referred to as the minimal, possible, and probable effect ranges) is

‘based on the assumption that the potential for observing toxicity of sediment-associated

chemicals increases with increasing chemical concentrations (Long et al. 1995).

Minimum toxicological data réquirements have been set to ensure that the TELs calculated from -

- the guideline derivation tables provide adequate protection of aquatic life and that these values
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are supported by a weight of evidence for a broad range of sediment types and characteristics.

For a given guideline derivation table, both the effect data set and the no-effect data set must

| contain at least 20 entries (CCME 1995). These minimum data requirements have been met for

the derivation of the guideline for PCDD/Fs in freshwater sediments (24 effect entries and 58 no- .

effect entries), but not for marine sediments (3 effect entries and 16 no-effect entries). Therefore,
only the freshwater TEL and PEL have been calculated for PCDD/F's as described below. These
two assessment values refer to the concentration of PCDD/Fs (on.a TEQ basis) -in surficial

-sediments (i.e., top 0-5 cm) on a dry-weight basis.

The TEL is calculated as the geometric mean of the lower 15" percentile concentration of the
effect data set (i.e., E,;) and the 50™ percentile concentration of the no-effect data set (i.e., NE,,),

as follows:

TEL = ,[E,x NE,,

~ The TEL forv.PCDD/F calculated from data in the freshwater guideline derivation table (Table
32)is: | ‘

TELfeshwater = v0.008 x 0.012
’ = 0.010 pg TEQ - kg
= 10 ng TEQ - kg

In addition to the TEL, a PEL is also calculated from the guideline derivation tables. The PEL is

qalculated as the geometric mean of the 50" percentile concentratioh of the effect data set (i.e.,

E,,) and th¢ 85" percentile concentration of the no-effect data set (i.e., NESS), as follows:

PEL = ,E,, x NE,
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. The PEL calculated from data in the freshwater guideline derivation table (Table 32) is:

PELfreshwaier = 0.185 x 0.194

0.189pg TEQ kg™'
189 ng TEng r

10.1.3  Evaluation of the TEL and PEL -

The objective of establishing the TEL and PEL according to a standard formula, as described
above, is to eonsistently define the range of chemical concentrations within which adverse effects

rarely occur (i.e., the minimal effect ran'ge' below the TEL) and within which adverse'biological

‘ effects frequently occur (i.e., the: probable effect range; above the PEL) respectlvely The

definition of the TEL i is therefore con51stent with the definition of a Canadian SQG. The PEL in

contrast, is an additional tool that can be used in conjunctlon with the SQG, and other relevant -

~ information, in assessing sediment quality.

The 1nc1dence of adverse biological effects below the TEL (1 e., within the minimal effect range)
and above the PEL (i.e., within the probable effect range) can be used to evaluate the degree to
which the TEL and PEL satlsfy their narrative objectives (MacDonald 1994, CCME 1995; Smith
et al. 1996a, b). The incidence of effects within each range_-‘i.s quantified by dividing the number

of effect entries by the total number of -entries in that range and expressing this ratio as a

~ percentage. - The TEL and PEL calculated from a 'guideline derivation table are considered to
' ‘meet their objectives when the 1nc1dence of effects below the TEL is less than or equal to 25%
: and the mmdence of effects above the PEL is . greater than or equal to 50%, respectlvely:

: : (MacDonald 1994 Smlth etal. 1996a)

" 'In the freshwater guideline derivation table; ’the incidence of advers,e biological effects asSociated. o '
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with PCDD/F concentrations below the TEL is 17% (Figure 3). The low incidence of adverse

- biological effects observed below the TEL suggests that the TEL for freshwater sediments

'adequately represents a level below which effects are expected to occur rarely. Sediment .

PCDD/F concentrations that fall below 0.010 pg TEQkg™' (or 10 ng TEQ-kg™") dry weight

would not be expeeted to be associated with adverse biological effects.. The incidence of adverse

effects between the TEL and the PEL, and above the PEL increases to 27% and 50%,
respectlvely (Figure 3) Concentrations that fall in the range between the TEL and the PEL are

occasionally expected to be associated with adverse blologlcal effects (CCME 1995). The

freshwater PEL for PCDD/Fs meets the narrative objective (i.e., 2 50 % incidence of adve'rse ’

effects above the PEL) which suggests the PEL for freshwater sedlments adequately represents a

level above which effects are expected to occur frequently

A detailed analysis of the guideline derivationtables indicates that the data from which the TlEL - A

~and PEL for freShwater sediments vvere‘derived 'represents a limited" number of locations,

_sedlment types, sed1ment characteristics, species, 11fe stages and b1olog1cal endpoints in

comparlson to guideline der1vat10n tables for other chemicals. Ideally, incorporation of data

from a broad range of geographic locations in the derivation process increases the likelihood that

- the ‘TEL and PEL will be broadly applicable_and- national in scope. 'Data on ﬁeld-collected_
-sediments reflect variation in biological responses associated with organic carbon content, AVS
concentrations, .interactions among chemicals, and‘other measured or unmeasured factors that -

~ may influence the occurrence of biological effects associated with PCDD/Fs. ‘Although the way \

in which any such variation affects the occurrence of effects'in the field is difficult to quantify, it

- is irnplieitly«incorporated, as described above, in th_e 'calculatlion'lof the.TEL and{PEL’ and.in the

- incidence of effects in the conCentration rangesdeﬁned bv themﬁ ‘Likewise, utilisation of

"'~".1nformat1on on'a w1de range of sedlment res1dent spemes on a variety of life stages and on'

several experlmental endpomts ensures that the TEL. and PEL adequately reflect the range of ;‘

y b1010g1ca1 responses ‘that could be- observed in assoc1at1on with - PCDD/F concentratlons in

.-, sediments.
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10.2  The Spiked-Sediment Toxicity Test (SSTT) Approach -

- The SSTT_.approach, which involves an. independent evaluation of information from spiked-

sediment toXicity tests (some of which are included in the guideline derivation tables- described

above), is a complementary procedure to the modified NSTP approach for estimating.the .

- concentration of a chemical in sediments below which adverse effects are not expected to occur

(CCME 1995). In contrast to the modiﬁed NSTP approach, which is used to derive TELs and

PELs using information on associations between chemlcal concentratlons in sediments and -
effects on sedrment-a55001ated organlsms the SSTT approach is- “used to derrve SSTT values '
using data from' controlled laboratory tests in which organisms are exposed to sedlments,that
have been spiked with known concentrations of a chemical. Such studies provide quantifiable
cause-and-effect relationships between the concentration of a chemical in sediments and the
observed‘biological resp'onsel (e.g.,",sur\ri\)al, reproductive success, growth). Spiked-sediment
toxicity tests: are generally used to evaluate the toxic effect of a‘single chemical, or specific
mixture of chemicals, to exposed organisms. They may also be used to determine the extent to
Wthh envrronmental condrtlons modlfy the bloavallablhty of a chemrcal and ultimately the

response of organrsms exposed to the spiked- sedlments

Mlmmum tox1colog1cal data requirements have been set for the SSTT approach to ensure that

- SSTT values deérived using spxked sedlment toxicity mformatron provrde adequate protectron to

© aquatic. organlsms (CCME 1995) ‘Data requlrements include at least four 1ndependent studies on

two or more sedlment resrdent invertebrate spec1es that occut in North American waters. For

freshwater sedlments at least one species. must be a benthic crustacean and one must be a benthic -

“arthropod (other than a crustacean) For marine sedrments at least one species must be a benthic

amphlpod Splked sedlment toxicity test values can be derived from studies conducted on

sensmve species (e. g ﬁsh aquatlc plants protozoa fung1 bacterra) provrded that the mlnlmum ‘
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data set r_equirements are met. An additional requirement is that at least two of the studies must
be partialor full life-cycle tests that' consider ecologically-relevant endpoints-(e g., growth,
; reproductrve success, developmental effects) In addition to these requlrements the procedures .

used to generate spiked sediment tox1c1ty data must be evaluated and determined to be

‘ appropriate before they can be used to develop SSTT values. Although methods (e.g., spikmo

procedures equllibratron periods) - for spiked sediment toxicity tests  ‘are currently not'
-standardrsed (Environment Canada 1995a), information provided. in 1nd1v1dual studies (e.g.,

equilibrium time, stability of concentratrons over: the ‘test duration, responses in control

treatments) can be used to evaluate the influence of the use of specific methods on test results.

! Insufﬁcie'nt data exist to derive SSTT values for PCDD/Fs in either ‘freshwater or- marine

sediments. However, evaluations of available spiked-sediment toxicity tests are discussed in

Section 84.

10.3 Supporting Evidence

As described above, the _forrrral protocol was used to derive a TEL for freshwater sediments;

(CCME 1995). Because PCDD/Fs are persistent in sediment as indicated by their half-lives in

this media (see Chapter 4) and because they readily accumulate in aquatic biota, two approaches

were informally examined to determine whether the TEL for freshwater sediment would be~
, adequately protective aquatic life. . These approaches included the. water-sedirnent Equilibrium :
Partltlonrng Approach (EqPA) and the Tissue Residue- Based Equilrbrlum Part1t1on1ng Approach .
. (TRB EqPA) for sedrment The discussion below detalls the derivation of sed1ment qualrty e

: assessment values usmg these two approaches
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10.3.1 Water-Sediment 'Equilibrium Partitioning Approach (EqPA)

“The equtlibrium partitioning approach (EqPA) may. be used to calculate a sediment quality

- assessment value (SQAV) or a concentration of a substance _in .sediments that ensures -the

concentration in the interstitial water does not exceed the water quality .guideline for that

‘chemical, at equilibrium (U S. EPA 1992). A SQAV. that ‘is intended to protect freshwater or -
‘marine aquatic life can be derlved using the EqPA and appropriate .Canadian WQG SQAVs B

derived using this approach are based indirectly on blologlcal effects (i.e., only to the extent that
the WQG used in its calculation is effects based) An EqPA based SQAV may be derlved using

the followmg equation:

" SQAV = WQGKp

where

'SQAV Sediment Quahty Assessment Value (ng kg')

WQG = Canadlan Water Quallty Guldehne for the protectlon of aquatic. hfe (ng'L™h

Kp water/sedlment part1t10n coefﬁ01ent (L'kg )

where -

’ I<p Koc oc,,'v.,*

K = organic carbon/water partltlon coefficient (L-kg, ") -

féc = fraction of organic carbon in the sedlment (kg,. kg 1) >

Although there "are'many factors that inﬂuence the partitioning of sediment-associated chemicals

) between the’ ~sediment - and 1nterst1t1al water -phases, the fractlon of organic carbon (f,) in
‘ sedlment is beheved to be the most 1mportant factor 1nﬂuencmg the b10ava11ab111ty of non-ionic

S hydrophoblc organic chemlcals when total organlc carbon is greater than 0.5% (SAIC 1991).

1
T
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Under these conditions, K, (i.e., the water/sediment partition coefficient) can be estimated by

multiplying the fraction of organic carbon (f,) in the sediment by the organic carbo‘n/wate_r

»partition coefficient (K,) (Karickhoff 1981, Mackay 1991). Organic carbon/water p.artitibn.

coefficients may be obtained from the literature where they have been measured in lab

:(experimental; i.e., batch shaking in flasks) or field situations or estimated using simple linear

relationships between K . and K, (i.-e., ‘KOC = 0.41 K_,; Karickhoff 1981). Table 6 summarises =

Kocs for 2, 3, 7, 8-substituted PCDD/Fs. Only measured (i.e., either in lab or field situatic;ns)

K.s are included in this table, as K_s estimated from K, s would introduce unnecessary

variability into the calculation of a mean K, (i.e., error propagation would occur because each

estimation would inherenﬂy have variability included in its choice of constant and‘KOw value). It
. is .apparent that informatioh on congeners other than T,CDD is limited. Therefore, for the
purposes of-deriving a sediment quality assessment value using ,the EqP.A',a geometric nlaean' K,.

of 827 000 was calculated from the values summarised for T,CDD.

4 The recommended interim Canadian WQG for freshwater life is 0.038 pg TEQ'L" (see section
9.4). Using this freshwater WQG, an f,. of 1%, and the geometric mean K, of 827 000, an EqPA
based SQAV g guer for PCDD/Fs is calculated, as follows:

SQAV iy =0.000038 ng TEQL™ - 827 000 L'kg,,” - 0.01 kg, kg
=0.314 ng TEQkg!

: As the WGQ fer freshwater was adopted as the interim marine WQG, the EqPA based SQAY for
 marine sediments would also be O 314 ng TEQ-kg" These EqPA based SQAVs are almost two
orders -of magmtude less than the TEL for freshwater sedlments (10 ng kg ) derlved usmg the
modlﬁed NSTP approach (see Section 10 1.2). '
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1032 Tissue Residue Based Equilibrium Partitioning ApprOaclz (TRB-EqPA) for Sediment

The discussion below outlrnes the tlssue residue based equrlrbnum partrtlonmg approach (TRB-
EqPA) for derrvrng sedlment quality. assessment values which 1nvolves the establishment of a

‘safe’ concentration of the chemlcal in sedrment that is expected to result in an acceptable trssue
resrdue in aquatlc_organlsrns _(U.S. EPA 1992; lannuzzi et al. 1995). This method is based on the
Biota-Sediment Accurnulation Factor (BSAF) (also known as the Bioavailability Inde‘x BI), with -
the assumptron that. non- polar orgamc chemicals will partltlon from organic carbon in the

sedrments to the llpldS in aquatrc organlsms Through the use of a surtable BSAF and a threshold

- effect concentratron (TEC, in trssue) it is possrble to estlmate by back-calculation, a PCDD/F

concentratron in sedrment that is not expected to result in adverse effects in aquatlc life. -

' Essentlally, thrs type of an approach assumes that equ111br1um partrtlonlng processes between the

biotic phase (tissues .of aquatic organrsms) and the abiotic phase (sedrrnent) will occur. - A
comparable TRB- EqPA for water was used as- supporting evidence for the derivation of the
Canadian WQG for the protectron of freshwater lrfe Please’ refer to. Sectron 9.2 for an

explanatlon of the ratronale behlnd using the TRB- EqPA approach

* As describe above, a ‘SQAV; may be calculated by dividing a lipid-normalised TEC in tissue by

an'appropriate' BSAF. A.TEC- representing a level above:which adverse effects would be

expected to occur has been prev1ously derlved in Sectron 9.2:1. Overall BSAFS were calculated

| h separately for freshwater and marrne/estuarlne env1ronments (see Table 13 and Sectlon 5.2)..

Brleﬂy, because the degree of var1ab111ty in the BSAFs appeared to outwergh the error associated

with a partrcular method of estlmatlon both experrmental data (laboratory and ﬁeld derived data "

“were combrned for each type of envrronment) and BSAFs calculated based on non- detectable .
o 'concentratrons (set at detectlon llmlts) were 1ncluded in the determmatron of overall BSAFs The
| data for guppres and European eels were not 1ncluded in the calculatlon as these species do not -

occur 1n Canadlan waters : Blota-sedlment accumulatlon factors for Rice Creek Florida, '

however ‘were 1ncluded in the calculatlon of the overall BSAF for marme/estuarrne ecosystems ‘
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- f,. =fraction of organic carbon in tlie sediment (kg kg e

" because the species sainpled are also found in Canadian waters. The geometric mean BSAF,
- - representing an overall BSAF for freshwater environments calculated from the available data, is

- 0.30, while the overall BSAF for marihe/estuarine environments is 0.14 (see Section 5.2).

Therefore, sediment concentrations that are predicted to result in tissue concentrations at or

below:the TEC can be estimated from the equation:

SQAV = (TEC +BSAF) - f,

Where: ‘

TEC = threshold effect concentration (ng TEQ-l(g" lipid)

BSAF = geometric mean biota-sediment accumulation factor [(lipid)-(OC)"'] (see Section 5.2 )

I A

Assummg a TEC of 14 ng TEQ kg l1p1d (see Section 9.2. 1) a freshwater BSAF of 0.30 (see
Sectlon 5. 2) ‘and an organic. carbon fractlon of 1%, the freshwater SQAV is calculated as

follows.

- SQAV pumer = (145 0.30) - 0.01

. =0.47ng TEQkg"

' ’_Assumlng a TEC of 14 ng TEQ kg l1p1d (see Section 9.2.1), a marine BSAF of 0.14 (see _'

L Sect1on 5 2), and an orgamc carbon fracnon of 1%, the marme SQAV is calculated as follows

SQAV e =,<14+0.14>?o.01 o

. =1.0ng TEQkg"

3 _“The TRB-EqPA .ba.se'd._‘ 'SQAVﬁeshwa;e, is eomparable to the EqPA bésed SQAVs '(freshwafer and
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' marme) of 0.314 ng TEQ kg but is smaller by approxrmately 20 fold in comparlson to the TEL
- for freshwater sedlments (10 ng: kg ) derlved using the modified NSTP approach ~ -In

comparison, the TRB-EqPA based SQAV.,.. is an order of magnitude less than the TEL. o

104 ‘S.ediment Quality Values from other Jurisdictions

Several jurisdictions have proposed numerical sediment quality assessment values‘v for PCDD/Fs
. for either freshwater or ’marine systems The United States and The Netherlands have developed
- assessment values to protect aquatrc organlsms from adverse effects associated wrth exposure to -

'PCDD/Fs in sedrments For example the U.S. EPA (1993) calculated that there was a low risk

of observmg adverse effects on fish when freshwater sedlment T,CDD concentrations were at or ]

“below 60 ng kg dw (3% TOC or 20 ng kg at 1% TOC) The corresponding high risk value
for fish is 100 ng kg dw (3% TOC; 33 ng: kg at 1% TOC) “The New York Department of ‘

Env1ronmenta1 Conservatlon (NYSDEC) proposed an assessment value for T,CDD of .

» <1.0X 107 ng: kg oC. (or <l 0X 10° ngkg! at ,1% TOC) to protect aquatic organisms |
' (NYSDEC 1994) This value was derived uSmg an equilibrium partitioning approach and the

. state water qualrty standard for aquatrc tox1c1ty ‘ The "Netherlands “calculated Maxirnum

Tolerable Risk levels (MTRs) based on equrhbrrum partltlomng theory, of 378 ng TEQ kg

. (calculated usrng I- TEFs) for the protectron of sedlment orgamsms (L1em étal. 1993)

_ Sedrment qualrty assessment values to_protect uses (e g, wlldllfe) in addition to aquatic |
organisms have been established in both the Umted States and the Netherlands. The New York |
Lo State Department of Envrronmental Conservation proposed a sediment qualrty assessment value '
for T CDD of 200 ng: kg OC (or 2 ng'kg' at 1% TOC) to protect wildlife (usmg equlhbnum
partrtlonrng theory and an amblent water quahty gurdance value for ﬁsh—eatrng mammals;
NYSDEC 1994) Another sed1ment quahty assessment value was proposed by NYSDEC (1989)
.. = of 3 to 30 ng kg which was derrved from a T4CDD wildlife fish ﬂesh cnterion The U S. EPA,_ .
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(1993) calculated low risk levels for the Vprotection of mammals and fish-eating birds for T,CDD

of 2.5 and 21 ng'kg”, respectively (at 3% TOC). The corresponding high risk values for

vma'mmals and- fish-eating birds are 25, and 210 ngkg’ (at 3% TOC), respectively. The
Netherlands determined Maximum Tolerable Risk levels '(MTR_s) to be 15'ng- TEQ-kg"

" (calculated using I-TEFs) for the protection of predators of sediment organisms (Liem et al.

1993). In addition, the Netherlands developed otter-based sediment quality objectives for TEQs

based on the health and physiological effects of PCBs in otters, and on information from case-

studies on PCB bioaccumulation and biomagnification (Smit et al. 1996). Safe and critical levels

were calculated: based on EC, and EC,, values for vitamin A deficiency, respectively. The safe

TEQ concentration in sediment was determined to be 3 ng TEQkg" OC, (i.e., 0.2 ng TEQ-kg"

dw); the critical concentration was determined to be 7‘ng TEQkg' OC (i.e., 0.4 ng-kg". dw).

Sediment quality assessment values to protect ecological receptors and human health have also

5 been proposed by several Jurrsdrctrons The Internatronal Joint Commission (IJC) recommended

a freshwater sediment qual1ty gurdelme of 10 ng T,CDDkg"' dw for the protectron of both

: ecologlcal and human receptors in the Great Lakes ecosystem (IJC 1980). This guideline was .
‘ based on analytrcal detection limits. The New York State Department of Envrronmental
Conservatlon proposed three sediment qualrty assessment values for T, CDD with respect to them
o protectlon of human health. Using an equ1lrbr1um partltlomng approach and the New York
. arnblent water quality standard, a sediment quahty value of 10 000 ng-kg! OC (or 100 ng kg at
- 1% TOC) was proposed (NYSDEC 1994). In addltlon sediment quality assessment values for .
: N ,T4CDD of 10 O 10100 ng: kg ‘and 0.014 to O 14 ng kg were proposed as a human health ﬁsh

- consumptlon advrsory and a cancer r1sk for ﬁsh consumptlon respectlvely (N YSDEC 1989)
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1_0.5 Can‘fadiban.Sediment Qnality Guidelines

10.5.1 F resh water Sediments

Sufficient toxicological data exist for freshwater sediments to use the modified NSTP approach
to develop a freshwater TEL and PEL. Insufficient toxicological data exist to calculate a
freshwater SSTT value usmg the SSTT approach Accordmg to the formal protocol (CCME
1995), a TEL calculated using the modified NSTP approach may be recommended as an ISQG.

An evaluatlon of the incidence.of effects observed below the freshwater TEL and above the

'freshwater PEL indicates that the narrative objectives for these values have been met accordmg

to the formal protocol Notw1thstand1ng, PCDD/Fs may persist in sediments for long periods
(Chapter 4,_ OMOE 1985) and have a capacity for bioaccumulation (Chapter 5). A detailed

assessment of the guideline derivation tables indicates that the data may not adequately address

these aspects. - For example the number of chronic studies is under-represented, and toxicity tests

that have been compiled were commonly conducted w1th mvertebrate specres with relatively

‘short hfe spans that may not be exposed to contaminated sedlments for long periods of time. .In
comparison to guideline derivation tables for other chemicals, those tables for PCDD/Fs have
* fewer entries and appear to be not as representative of a diverse body of evidence regarding
- effects of sediment associated PCDD/F s Furthermore, the SQAVS" developed using EqPA and
TRB EqPA approaches were at least an order of magmtude less than the TEL, indicating that the

TEL may not adequately protect aquatic orgamsms Therefore use of a safety factor of 0.1 is
recommended to account for th_ese uncertainties, and to achieve a better estimate of the _

concentrations of sediment-associated PCDD/Fs that will not harm aquatic organisms associated

with bed sediments over an indefinite period of exposure.

The recommended interim freshwater sedlment quality guideline (ISQG) for PCDD/Fs is,

Atherefore 1 ng TEQ kg™' dw.” This guldehne is recommended for PCDD/Fs concentrations in

freshwater surficial sediments (i.e., top 0-5, cm)..
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In order to deriVe a full freshwater SQG for PCDD/Fs, at least four independent spiked-sediment

- toxrcrty studies on North Amencan freshwater sedlment resident 1nvertebrates that meet the

CCME screemng criteria are required. These SSTT studies must include at-least one benthlc
'crustacean species and one benthic arthropod species (other than a crustacean). In addmon, at
leasttwo of the four studies must include partial or full life-cycle tests that consider ecologically-

relevant endpomts (e.g., ‘growth, reproductron developmental effects; CCME 1995). - Because

concerns exist regarding sediment sprkmg methods (Env1ronment Canada 1995a) advances in |

. methods standardlsatron and/or the development of methods performance criteria is also required
before such data could be used as the basis for the recommendation of a full freshwater SQG for
PCDD/Fs. Existing evidenee is sufﬁcient to deterrnine that the ISQG .(=TEL-UF) is aoplicab_le to

a wide range of sediment types. Therefore, for the-purposes of national SQG development in

Canada it was not necessary to adjust the TEL for variation in sediment characteristics.

: Nonetheless additional studies should examine relationships between the bioavailability and

toxicity of sediment-associated PCDD/F S and characterlstlcs of the sediment and overlylng water
‘column at specific sites. The results of such studies would assist in refining the means by which

such factors are considered in the site-specific implementation of freshwater SQGs for PCDD/Fs.

'The'fr‘esh-water' PEL of 189 ng TEQ-kg - dw was adjusted to 18.9 rig TEQkg™' dw, by applying

the same uncertainty factor (0.1) as was applied to the TEL, in order to account for uncertainties

‘ 'diseussed above. This PEL is recommended as an additional sediment quality assessment tool.

- . The recommended ISQG for PCDD/F s in freshwater sedlments is not comparable to
o phllosophlcally similar sedlment quality guidelines recommended by other Jurlsdrctlons (see

" Section. 10. 4). The guldehnes proposed by the Netherlands (378 ng TEQ'kg") and the state of ‘

. New York (<1 0X 10° ng-kg' at 1% TOC) for the protectlon of aquatic orgamsms are much

- hrgher than the freshwater ISQG
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Because the TEL and PEL are derived from existing toxieologi'cal data, they do not speciﬁcally

consider adverse effects on higher trophic levels which may occur as -a result of the

bioaccumulation of PCDD/Fs in eXposed organisms. These values indivrectly consider

bioaccumulation to the:extent that the expression of adverse biological effects include effects of

- bioaccumulation (i.e. , many effects occur because toxic substanees are taken up and accumulate
(m orgamsms Smith et al. 1996b). Other procedures are required to derive sediment quality

guidelines that will spemﬁcally protect higher trophic’ levels Sedlment quality assessment

values proposed by other jurisdictions to protect other ecological reeeptors (i.e., wildlife in the

- food web) ranged'from 0.2 hg-kg" dw to 70 »hg-kgf‘ at 1% TOC, with the majority of the values
' falling between 0.2 ngkg' dw and 20 ngkg” at 1% TOC. In comparing these values to the

recommended freshwater ISQG for the protection" of aquatic organisms, it appears' that the
freshwater ISQG may also provide some degree of protection to hrgher organisms in the food

web that are exposed to PCDD/F .-

10.5.2  Marine/Estuarine Sediments

Insufficient toxicological data exist for marine sediments to use the modified NSTP approach to

develop a marine TEL and PEL, or to calculate a marine SSTT value using the SSTT approach.

 In the absence of toxieological information to support either of these approaches, sediment

quallty assessment values from other _]urrsdlctrons are normally considered for adoption as a‘
provrsronal Canadran ISQG in  the short:term (CCME 1995). The freshwater sedlment ISQG is
the most representative of current information that incorporates data on thé biological effects of

PCDD/Fs on aquatic organisms. Furthermore, from an evaluation of the existing toxicity data,

. there is no i'ndication that sensitivities differ among.freshwater-or marihe organisms. Therefore
~ the ISQG for freshwater sediments, 1 ng TEQkg '.dw, is the provrslonally recommended ISQG

- for marme/estuarme surficial sediments (i.e., top 0-5 cm) for PCDD/Fs.

~
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In order to derive a marine ISQG for PCDD/Fs using the modified NSTP approach, -both the
effect and no-effect data sets must meet the minimum data requirements of at least 20 data
.'eniries each fer deriving a TEL and PEL (CCME 1995). Alternatively, independent spiked-
" sediment toxicity studies on North American marine or estuarine sediment-resident invertebrates
'i are required to derive an ISQG using the SSTT appioach (CCME 1995). Because no spiked-
. sediment toxicity data currently exist that meet the screening criteria of CCME (1995), at least
four independent spiked-sediment toxicity stndies on North American marine sediment-resident
invenebrates are required. At-least one of theselvrnust be a benthic crustacean species, and one
must be benthic arthropod species (other than a .crustacea‘n). Furthermore, at least two.of .the

‘studies must be partial or full life-cycle tests that consider ecologically-relevant endpoints (e.g.,

growth, reproduction, developmental effects).

In the short-term,.the adjusted freshwater PEL of 18.9 ng TEQ-kg™' dw is recommended as an

additional assessment tool for evaluating the quality of marine sediments, until such time as -

sufficient information is available to derive a marine PEL using the modified NSTP approach. It

is anticipated that the adjusted PEL will be useful in identifying sediments in which adverse

biological effects are more likely to occur ‘(i.e.,v in sediments with PCDD/F concentrations above '

the PEL).

The Canadian ISQGs and adjusted PELs for PCDD/Fs developed in this repbrt are scientific

benchmarks (i.e., Areferen‘c'e points) that can be used, along with other relevant tools and

| ‘informa't'ion,' as the basis for evaluating, protecting, and enhancing sediment qnality. Although

. these sediment quality4 guidelines are considered interim at this time, they 'sh(")uld not be used |

, differentlylthan they would be if they were full sediment quality guidelines. _Mdreover, these -

_-'Canadian Sediment Quality Guidelines should be use in conjunction with guidelines for other

' nledia (e.g., water and tissue), as well as guidelines for other compounds (e.g., PCBs).. -~ -
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11. - TOXICITY TO MAMMALIAN AND AVIAN SPECIES

As w1th other medla the most widely studied PCDD/F congener in mammalian and avian
species is T,CDD. Reports for other congeners are limited, but where available, are summarrsed

in the text and tables. In such cases, concentrations have been converted to TEQ concentrations

" using WHO 1998 TEFs (van den Berg et al. 1998). Otherw1se the source of the TEFs used by

“the original author(s) is glven

‘Studies specifically deslgned to test enzyme induction (e.g., MFO enzymes such as cytochromes

P-450-1A1 and 1A2) were not included in the evalhation of studies of the development of the
TRG for dioxins and furans. A thorough review of enzyme induction has been ‘recently -

completed for the purpose of deriving the latest WHO TEF values (van den Berg et al. 1998).

1.1 Toxicity to mammals

11.1.1  Acute

Acute sens1t1v1t1es of’ mammahan receptors to T,CDD span four orders of magmtude (Table 34) '

Guinea plgs are most sensmve to acute exposure. with a reported LD50 of 0.6 ug: kg bw (Schwetz |

et al. 1973); In contrast s1ngle dose oral LDSOS for male ‘and female Golden Syrlan hamsters

reportedly vary from 1157 to 5051 pg kg bw (Olson et al. 1980; Henck et al. 1981). The latter

- value is beheved to be more accurate, as determmatlon of the former was comphcated by 1le1tls,-

a cond1t1on which presumable made the hamsters more susceptlble to T CDD toxicity (Henck et

- al 1981) Regardless Golden Syrlan hamsters appear to ‘be the least sensrtrve mammahan }
v spec1es to the lethal effect of T CDD. Rats (LD;, = 22 to 45 pg-kg! bw), rabbits (LD50 =
115 hg kg bw) and mice (LD50 = 114 to 284 ug kg bw) appear to be moderately sensitive to

, the effects of T, CDD (Schwetz etal. 1973 Vos et al 1974) Few data exist on the acute tox1c1ty
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of T,CDD to wildlife species that vconsume aquatic biota; however, mink mayvbe among the most

sensmve spec1es (LD, =4.2 ug'kg™ bw; Hochstein et al. 1988) For many spemes mortality due

‘to smgle doses of T, CDD is delayed (1 e,5to 45 d; U.S. EPA 1987).

‘In-addition to mortality, decreased- body weight gain and/or food consumption have been |

~ observed in guinea pigs, rats, and mink (Greig et al. 1973, Hochstein et al. 1988). - For example,

- Hochstein et al. (1988) reported significant decreases (11%) in the body weights in mink (28 d -
‘ po'st-exposure) following a single administration of 2.5 pg-kg” bw of T,CDD. Other symptoms "

- of acute toxi’city' may include depletion of adipose tissue, ulcerations of the stomach, mottled and
discoloured livers and kidneys and changes in relative organ weights (DeCaprio et al 1986;

Hochstem et al 1988 Shara and Stohs 1987).

In contrast to more sensitive species, mice and hamsters do not appear susceptible to weight loss

,'When treated with single“doses of T,CDD. For example, there were no significant affects on
body weight gain in pregnant albino mice given single doses of up to 90 pgl(g" ‘(Nagﬁ et al.
1993). Hamsters generally gained weight following T,CDD treatment, although a dose

' :dependent decrease in body weight occurred three weeks following treatment of high doses
-(1000 6000 pg-kg" bw; Henck et al. 1981). Hanberg et al. (1990) reported an ED50 for growth in -
hamsters of > 1000 ng T,CDD- kg' bw. Hamsters that die as a result of T,CDD toxicity display" |

srgns of wasting syndrome with loss of adipose stores and muscle mass, moreover, target organs,

namely liver and thymus appear to be the same as those for more sensitive spemes (Olson et

al 1980 Henck et al 1981)

'.Neither 2 ,7- DCDD 1 2 4- T3CDD 1,2 3 4- TCDD nor OCDD produced body weight loss
. :thymic atrophy, or 1nduced 11p1d perox1dat10n or 1nh1b1ted glutathione perox1dase in female rats

’t ";dosed 40 or 400 ug: kg bw for three days. None of these congeners induced Ah act1v1ty in ratsw '

31m11arly dosed (Shara and Stohs 1987)
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Alterations to normal physiological functions in mammalian receptors are commonly associated

3 with exposures'to"T CDD In- some species, changes in hver morphology (eg necrosrs

prohferatlon “of endoplasmlc ‘reticulum, etc.) and 31ze have been reported followrng

, .admlnlstratlon of acutely toxic doses of T,CDD (U.S. EPA 1987; Blmbaum et al. 1989a, b;
) Hanberg et al. 1990; Lans et al. 1990). Vos et al /(1974) reported extensive haemorrhaging in

mice exposed to T4CDD and suggested that this may have contributed to the ultimate death of

these organrsms. Still other investigators have observed that exposure of rats to T,CDD- results |

' in reduced activities in key gluconeogenlc enzymes and have hypothesised that this was a
‘poss1ble cause ‘of acute toxicity (Weber et al 1991) Female rats dosed 40 pgkg! '"bw for three
* consecutive days experlenced 51gn1ﬁcant1y reduced heart rate and blood pressure (Hermansky et
al. 198‘8) It is not currently known, however to ‘what degree any of these responses are

. assoc1ated W1th the toxic actlon of T CDD.

‘1112 Chronic

Long term oral eXposure to'relatively low levels of T, CDD may result in a variety of sub -lethal

responses, mcludlng weight loss, hair loss, chloracne, and edema (Mukerjee et al. 1986; Table

- 35). In addltlon a number of brochemlcal physrologrcal and hrstologrcal effects have also been
| yobserv‘ed following chrornc exposure to T4CDD (Lilienfeld and Gallo 1989; SRC 1989a).

- ,Com'monf biochemical effects include induction of 'speciﬁc enzyrne systems (e. 2. MFO)' and .

suppressron of the 1mmunolog1cal system (see also Section 11. 1 4 Fishbein 1987) Observed

_ physrologrcal effects include loss of fat, shrinkage of the thymus spleen and other lymphatic
trssues and alteratlons in the number of blood cells (WHO 1989; Lakshman et al. 1991) Upon

hrstologrcal exa_mlnatron_of test organisms, changes in the liver and thrckemng of the

L gastrcintestinat ':tract, the,galllhbladd_er, and the brle duct are freq’uently evident (OMOE 1985).

Reduced growth 'and liver toxicity appear to be sensitive responses in T,CDD exposed mammals.
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Rats fed 0.01 and 0.1 pg'kg™-d” for two years experienced increased ’mortality, decreased weight'

~ gain, and increased relative liver weight (Kociba et al. 1978). Those fed 0.01 pgkg'-d' had

-~ increased liver weights, but no changes in mortality or growth; there were no observable effects

~ at the 0.001 ngkg'-d"' dose. | Mustonen et al. (1989) administered doses of T, CDD ranging from _
010 0.7 pg kg bw-d! to male rats over a per1od of 14d. A 15% increase in the' liver somat1c _
- index- was observed in the groups rece1v1ng 0.07 pg- kg bw-d"! or more. In a longer-term study

'(91 d), rats that received a da1ly dose of 0.0036 ug TEQ- kg bw of OCDD had a significantly ‘

. h1gher 1nc1dence of liver lesions than control rats (Birnbaum et al. l989b) Mlce appear to be
. somewhat more tolerant than rats to exposure of T,CDD (U.S. Dept. of Health and Human
Services 1982).. In male mice, increased liver weights (13%) were observed followmg

administration of 0.143 pg: kg bw-d" of T,CDD for a period of 14 d (Vos etal. 1974)

'V DeCaprio et al. (1986) found that significant reductions in growth (22-39%) and increased liver
weights (relative to body weights) were exhibited by both sexes of guinea pigs when weanlings '

were fed 4.9 ng T,CDDkg bw-d" for 90 d. Reduced relative thymus we1ghts and elevated | i

serum triglycerides were also observed in males receiving this dose, whrle females exhrblted
- hepatocellular cytoplasm1o 1nclu51on bodies and. lowered serum alanlne “aminotransferase
activities. These authors reported NOELSs of 0. 61 and 0.68 ng'kg”' bw- d for males and females,
'-"“respectlvely Although gumea plgs are the most sensitive species to acute and chromc T CDD

--exposure, they‘ d1splay neither severe liver damage or edema that are common to. many other

’ species. . Moreover, hemorrahages in guinea pigs are primarily restricted to the gastrointéstinal -

" track and the urinary bladder, wh1le in rats, massive haemorrhages have been reported for many

| organs (Vos etal. 1974)
1113 Reproductiue/Deuélopmental B

e Unlike the toxicity of PCBs, where both parent oompourid_s and metabolites may be direotlyl or
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1nd1rectly respon51ble reproductlve and developmental tox1c1ty of T, CDD appears to be .

- -assocrated only with the parent compound (Peterson et al 1993) Furthermore one distinct

- effect of T CDD that has Tiot been observed for dioxin-like PCBs is the malformatlon of a cleft’

palate.

Numerous studies have demonstrated that T,CDD is fetotoxic and teratogenic in rodents, with

" effects coMonly observed at doses that are not overtly toxi¢ to the mother. In rats, symptoms

of fetotoxicity (decreased. growth, haemorrhage, edema, and.death of the fetus) are more sensitive
indicators of toxicity those of teratogenicity- (cleft ‘- palate). (l"able 36).- - For- example,
administration of a' single oral dose of T,CDD (1.5 p.g-kg'1 bW) to pregnant female rats on
gestanon day 10 resulted in significant gastromtestmal haemorrhagmg in the fetuses w1th1n 10d -

(Olson et al. 1990). Increases i in the 1nc1dence of cleft palate (38% 1nc1dence) in fetal rats d1d not

~ occur until dams were dosed 18 pg: kg bw on gestat1on_day 10 and was accompanied by high

fetal mortality (72%) and significant decrease in maternal body weight.

\

- With the exceptiori of a single dam that died of pneumonic consolidation of the lungs during

mating, tats receiving 0.1 pg T,CDD-kg™bw-d" for 90 d-prior to .mating displayed no evidence

of clinical toxicity (Murray et al. l979). Fertility, litter size at birth_, and gestation survival,
: hoWeVer were significantly reduced for these dams compared to control rats (Murray et al.
-1979) At 0. 01 ug kg bwd Aertility, pups ‘per. litter, and genération survival 1ndex ‘among

| lltters were s1gn1ﬁcantly reduced in f; and f but not f, generations. No significant effects on

fertlhty, litter size, or postnatal body welght were observed in rats dosed 0.001 pgkg' bw-d!

compared to control an1mals in-any of the three genérations (Murray et al. 1979).

¢ The reproductive sys'tem' of sexually mature male rats is relatively insensitive to T,CDD. For

' example the EDSO for androgen deﬁc1ency 1s 15 ug: kg bw. - In'contrast maternal >T4CDD

exposure to a concentrat1on of 0 16 ug kg bw on gestatlon day 15 resulted in srgmﬁcant-

B ._decreases in anogemtal dlstance tlme to testls descent and semmal vesrcle weight. Doses as low

[.
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'as 0. 064 ugkg! bw 1mpa1red spermatogenesrs (Mably et al 1991) Nerther of these latter doses -
: caused signs of overt toxrcrty in dams or the1r offsprrng The lOO fold d1fference in sensmvrty :

- observed between rats exposed permatally and sexually mature rats underlines the importance

 that developmen_tal stage can play in the evaluation of toxic responses (Mably et al. 1991-).

- In contrast to rats, teratogenic endpoints are more sensrtrve in .mice and are hlghly specrﬁc

' resultmg in the 1nduct10n of cleft palate and hydronephrosrs at doses below those causing overt

: matemal or fetal tox1c1ty (Birnbaum et al. 1987; 1989a). Single dose ED,s for cleft palate in

mice are 15:6 and 11.9 ug-kg‘ bw when dams are treated On days .10 and 12 of gestation, ’

respectrvely (B1rnbaum et al. 1989a). The ED, for hydronephrosis is 3. 9 ng: kg'! bw regardless

- of treatment day. No effects occurred on fetal v1ab111ty, mortallty, or werght at doses up, to 18v

~ and 15 ng-kg! bw treated on day 10 and 12 of gestation, respect1vely (Brmbaum et al. 1989a)

Combmatron treatment of T, CDD and retinoic acrd (metabollte of vitamin A) resulted in an

'enhancement of the 1nc1dence of cleft palate but not hydronephrosis in mice (Blrnbaum et al.

1989a). From a study in-which pregnant mice were dosed T,CDD, T,CDF, or a combination of |

" both, it was concluded that for cleft palate frequency in fetuses, T .CDD/F toxicity is additive~
- with one unit of T,CDD approximately equal to 30 units of T,CDF (Weber et al 1985)

Although the dose levels were too high to demonstrate a clear dose -response relat10nsh1p, lesrons

" - in the fetal k1dney appears to be a more sensmve endpornt than cleft palate development whrch

is cons1stent with the lower ED;, for hydronephrosrs compared to that for cleft palate (Weber et o

al 1985 Blrnbaum et al 1989a)

‘ Even though hamsters are reportedly the least sensitive species to T, CDD toxrcrty, an mcreased

incidence of fetal kldney abnormalrtres was observed following the adm1n1stratlon of a s1ngle

.,'oral dose of 15 ug: kg bw to pregnant females (Olson et al. 1990) A srngle dose of
2 ug kg bw to female hamsters at gestation day 11.5 is sufficient to cause a 30%. reduction in

. body we1ght of male offspnng at 5 months of age. Core body temperatures of these offsprrng

- were “also 51gmﬁcantly reduced compared to male offsprlng from untreated mothers (Gordon et
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al. 1996). -

Nursing may pose greater risk of T,CDD toxicity to young rodents than perinatal exposure; while
T,CDD crosses the placenta in rodents', exposure of the offspring occurs mainly throigh nursing
as high levels of unmetabolized T,CDD is excreted in milk (Lucier et al. 1975, cited in Luster et

al. 1980). Research on nurs'ing effects is limited but-significantly decreased body Weight of

‘neonates was reported when dams were exposed to 5.0 pg-kg”' bw (or 0.5 mg-kg' bw-d") over

the first 10 days of lactation (Lans et al. 1990)-

Two studies that assessed the cumuiative effects of dioxin-like compounds on reproduction and
development in mammals were found. 'Mink were fed diets containing 0, | 10, 20 or 40% -
contaminated carp from Lake Michigan prlor to and throughout the reproductlve penod
(26 weeks total). © Mink consumed, on average, 0.011, 0.013, 0.012, and
0.015 pg P'CDD/Fs-kg'1 bw-d", or 0.23, 3.89, 7.34, and 10.2 ng TEQkg' bw’-d' , -re'specti?ely,
with PCDD/Fs contributing 6-32% of the TEQ concentration (Heaton et al. '1’995a; _TEereQ

calculated with WHO 1998 TEFs). Concentrations of organochlorlne compounds other than

PCDD/Fs and PCBs were minimal in diets and do not affect reproductlon in mink (Heaton et al.
1995a). Females fed the 40% carp diet whelped significantly fewer kits, and all kits were either
stillborn. or dead within 24 h. There was a significant inverse dose- dependent response between

welghts of kits and proportlon of carp in the maternal diet, w1th 20 and 40% carp d1et groups'

51gn1ﬁcantly dlfferent from the control Reduced kit body welghts at three weeks of age: occurred :

under the 10% carp diet and Were followed by reduced survival of the Kits at thrée and six weeks

- of age. Percent kit survival to six weeks of age (weaning) was 85,28, 11.5, and O% for the 0, 10, ..

20, and 40% carp diets, respectlvely Relative organ welghts of kits whelped and nursed by

treated females were generally less than those of the control group Liver concentrations of the

adult females ranged from <10 to 656 TEQs kg (as estlmated by the HAIIE bloassay, Tllhtt et

“al. 1996).
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A multigeneration Study 1n which Sprague-Dawley rats fed 0, 2, or 20% chinook salmon from '

Lakes Huron and Ontario found no significant correlations among TEQ dietary- intakes (up to
2.84 ng TEQkg™ bw-d"; I-TEFs) and mating, fertility, viability, or lactation indices, save larger

litters were commonly noted among rats fed 20% fish diets (Feeley and Jordon 1998; Arnold et

al. 1998; Feeley et al. 1998). The only stat1st1cally 51gn1ﬁcant effect observed was that female .

‘off-spring of the first and second generatrons had larger relatrve liver werghts compared to,

controls.

. 11.1.4" Immune System '.

AResearch into T,CDD effects on the immme system has been almost entirely coriducted on mice,
despite immunosuppression being reported as a common symptom associated with T,CCD
exposure (Table 37). In mice, T,CDD may affect both the specific and non,—speciﬁc'd‘efence

mechanisms of the immune system which in turn may adversely affect host defence capabilities

~ (Holladay et al. 1991). Cellular and humoral immunity are the two main components of the

specific immune response and both are susceptible to T,CDD.

In cellular 1mmun1ty, lymphocytes that mrgrate from the bone marrow to the thymus develop 1nto |
T-cells At matur1ty, T-cells next mrgrate to the lymphatlc tissues (e 2., lymph nodes and spleen) o
- where thelr functron 1ncludes attacks on 1nfected or defected cells. Thus, whrle the thymus .

typlcally atrophres in adult mammals it is essential for normal development of the lymphat1c

_ system and 1mmune response asa whole (Hoar 1975)

- Adverse effects on the thymus partlcularly thymrc atrophy, have been observed ina varrety of

. 'specws followrng sublethal exposure to PCDD/Fs. Thymic atrophy (EDSO) has been reported to

occur in four week old gulnea pigs 28 days after administration of a single T CDD. dose of

0.8 ugkg! bw (Hanbe_rg et _al. 1990). Significant reductions (39%) in the relative. thymus
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weights of mice pups were also observed when dams were administered daily doses of
1.5 ug'kg”' bw on gestation days 6 to 14 (Holladay et al. 1991). Hamsters are least susceptible to
thymic atrophy with an EDy, value of >1000 pg T,CDD-kg" bw (Hanberg et al. 1990). Rats fed
diets contaminated with T,CDD, 2,3,4,7,8-PeCDF, 1,2,3,7,8-PeCDD, or.a PCDD/F mixture

derived from flyash experienced reduced thymus weights at TEQ levels as low as

10.09.ug-kg” bw-d’ (Suter-Hafmann and Schlatter 1989). Prenatal exposure to T,CDD results in

severe post natal immunosuppression by inhibiting thymocyte maturation (Holladay et al. 1991).
Phenotypic changes in thymus .observed perinatally are associated with persistent postnatal
alteration immune function. Mgreover, this alternation is achieved at dose levels that do not
result in any other measurable development toxicity, such as litter size, number of resorptions,

fetal body weight, and incidence of cleft palate (Holladay et al. 1991).

In mice, T,CDD-induced thymus atrophy is genetically determined and mediated by the Ah
receptor (Vos et al. 1997/98) The mode of action is unknown, although several scenarios have
been ruled out. For example studies indicate that the depletion of lymphocytes in the thymus is
caused neither by a reduced production in thymic hormones nor a zinc deficiency. It is also
unlikely that T,CDD requires metabolic activation. Thus, the action of T,CDD on the thymus is
indirect (Vos et al. 1978). The effect of T,CDD on the thymus may be through an action on
epithelium'cells as high levels of the 4h receptor are found in thymic epithelium (Vos et al.
1997/98). Perinatal T,CDD. exposufe causes an alteration to the prothymocyte, resulting in
reduced thymic seedmg from both fetal liver and bone marrow during ontogeny. It appears that
early steps in T-lymphopoiesis; before entry of stem cells into the thymus are especially sensmve

to T,CDD exposure during the perinatal perlod (Fine et al. 1990; Lai et al. 1998).

InA addition to thymus atrophy, suppression of the cellular immune response may be evidenced by
reduced T-cell activity. For example, offspring of mice exposed to T,CDD (1.5 and
3.0 mg'kg"' bw-d") during pfegnancy (on gestation days 6 to 14) experienced a significant
reduction in cyto.t-oxi‘c T-cell activity (Holladay et al. 1991). Similarly, Fine et al. (1990)
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. reported reduced fetal prothymocyte activities when pregnant mice were administered

15 mg-kg” bw on gestation day 14.

. Captive harbour seals fed contaminated herring from the Baltic Sea for two years experienced
impaired natural Killer cell activity, in vitro T-lymphocyte function, antigen-specific in vitro
lymphocyte proliferative responses, and in vivo delayed-type hypersensitivity and antibo}dy
‘responses to ovalbumin compared to those fed relatively clean herring from the Aﬂantic Ocean
(Ross et al. 1996). Sister studies using the same herring batches on rats suggested that the

A increase in immunosensitivity may be due to an effe;t on the ‘thymus. Moréover, perinatal

. exposure represents a greater immunotoxic threat than exposure as a juvenile or adult. " The
contribution of PCDD/Fs to the total TEQ profile diminished from herring.to. séals, suggesting
that harbour seals may be able to preferentially metabolise the planar PCDDs (Ross et al; 1996).

In humoral immunity, lymphocytes that remain in the bone marrow de.velop into B-cells, which
when mature, migrate to lymphatic tissue where they secrete antibodies. Because some B-cell
“antibody responsés are regulated by T-cells, reduced host resistance to endotoxins such as
Streptococcus, Listeria, Salmonella, é.nd Plasmodium, may be caused by T,CDD effects on the
thymus (Vos et al. 1991). Suppression of humoral immunity in adult mice, however, can occur
at doses (1-5 pgkg' bw) below those which cause thymic atrophy (5 ugkg' bW), indicating that
: thyﬁlus is not directly involved (Tucker et al. 1986). For example, mice pre-treéted' with
1.5 p'g-'kg'1 bw of T4CDD once a week for four weeks experienced a slightly hi_ghef mortality rate
" (~20%) within two days of injection of >100-kg™ bw of lipopolysaccharide (a T-cell independent
endotoxin) than mice exposed solely to endotoxin. This dose of T,CDD is more than an order of
magnitude lower than that which caused thymus atfophy at gross i_nspectioh (Vos et al. 1978). In
thymus-independent cases, T,CDD may be inhibiting the differentiation, rather than
-proliferation, of B-cells to antibody-prqducing cells élthough several other possibilities may exist

(Tucker et al. 1986; Vos et al. 1991).
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Non-specijﬁc immunity, of which the complement system isa key component, is also sensitive to
dioxin-induced suppression. A dose-dependent increase in susceptibility _’to Streptococcus
prneumoniae, a bacterial pathogen whose host defence is complement mediated, was observed in
mice exposed up to 10.0 ug-'kg']‘ bw-d' 1,2,3,6,7,8-HCDD for 14 d. - Moreover, at doses of
10.0 ug-kg', suppression was.;maintained'for, 50 d after the last'treatment; similar suppression

was observed with treatment of 1.0 pg-kg bw-»d'1 of T,CDD (White et al. 1986).

Although the ecological relevance of immunological endpoints in often questioned, contaminant

“induced immunosuppression is gaining acceptance as a sensitive sub-acute indicator of adverse

'effects, including the ‘potential’for increased mortality (ATW 1998). For further information of

the immunotoxic effects of T,CDD, the reader is directed to a recent review by Vos et al.

(1997/1998).

11.1.5  Cancer

‘Data from several studies mdlcate that chronic d1etary exposure to low levels of T, CDD has the

: potentlal to result i in an 1ncreased incidence of tumours in mammals (Table 38). Rats appear

more sensitive than mice, and males more sensitive than females for both species. A working

_ group-of. WHO convened to establish‘a TDI for humans concluded that T,CDD is earcinogenic in
o animalsv (but that results were inconclusive for humans) (cited in Schlatter 1994). It has also

been argued that droxrn is a promoter blocker and a promoter, w1th a net effect of an

antlcarcmogen (Kayajanlan 1997) This conclusron was based on one rat (Kociba et al. 1978)

: and two human exposure studl_es (Kayajanian 1997).

- Kociba et-al. (1978) established that T,CDD'is a potent cancer promoter. In this study, male and
_ female rats were fed diets containing d, 0.022, 0,02‘t2,f and 2.2 pg T4CDD-kg'_“ for a period of two
. years. These dietaryvj exposures Wer_e equivalent to 0, 0.001, 0.01, and 0.1 pg'kg” bw-d’. Rats
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fed 0.1 pgkg™d? experienced increased mortality, increased incidence of. hepatocellular

* . carcinomas and squamous cell carcinomas of the lung, hard palate/nasal turbinates, or tongue but .

. reduced incidences of tumours of the pituitary, uterus, mammary glands, pancreas, and adrenal
- gland. Those fed 0.01 pgkg'-d"' experienced a lesser degree of toxicity, but included liver and
3 lung lesions. Rats fed 0.001 pg-kg'-d’ ‘were comparable to the controls, though a 51gn1ﬁcant
" increase in incidence of swollen hepatocytes was noted (Kociba et al. 1978). Recently, the
histopathology slides of the hepatic lesions prepared in this study were re-evaluated using the
current classrﬁcation scheme used in the National Toxrcology Program (NTP; Paustenbauch et

al. 1991). While substantlally fewer cancerous tumours were observed in this study using the

new classification scheme, statlstically significant increases in the incidence of hepatocellular -

adenomas were still evident in the 0.01 ug-kg'l bw-d" treatment groups (Brown 1991; Keenan et
al. 1991). - |

- Male and female rats were administered doses of T,CDD by gavage, twice weekly, for a period
1 of two years (U.S. Dept. of Health and Human Services 1982). Treatments‘corresponded to
'average daily doses of 0, 1.4, 7.1, and 71'ng’kg' bw-d'. A dose-dependant increase in the

incidence of thyroid tumours (follicular-cell adenomas or carcinomas) was observed in male rats,

w1th the 1ncrdence in the high dose group 51gn1ﬁcantly above that of the control group. In female

‘rats a srmrlar but non-significant trend was evident. Female, but not male, rats demonstrated a

B dose-dependant increase in incidence of neoplastic nodules or hepatocellular carcinomas With a

" 'signiﬁcant .di_fference occurring at 71 ng T,CDDkg" bw-d". Inan i‘dentical‘ study in which male

if-fmice ‘received the same doses as the rats, and female mice received 0.006, 0.03, and -
03 ngkg! l')w-d'-" T,CDD was also carcinogenic in B6C3F1 mice, inducing heptocellular S

- carcmomas in males and females and follicular cell thyroid adenomas in females (U S. Dept of ‘

- -'Health and Human Servrces 1982)

- . H,CDD doses of 0.036 and 0.071 ug TEQ-kg'l bw-d" were found to significantly increase the

- incidence of hepatocellular carcinomas or neoplastic nodules in female rats; a dose-dependent,
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but non-significant incr_ease was noted for males. Both male and female mice displayed a dose-
dependant significant increase in incidence of heptocellular carcinomas or adenomas with
significant effects occurring at the highest dose, 0.71 pg TEQ-kg" bw-d" for both sexes (U.S.
ljept. of Health and Human Servicés 1980). The relative contributions of the two H6QDD
isomers (1,2,3,6,7,8- and 1,2,3,7,8,9-HCDD) to the carcinogenic effects is not known.

112 Toxicity to Birds -

Although the available data are limited, it appears that birds are slightly less sensitive than

mammals to the effects of PCDD/Fs. Nonetheless, the effects associated with acute and chronic

exposures to PCDD/Fs are similar, including lethality, reduced growth rates, liver enlargement

and reproductlve 1mpa1rment

11.2.1  Acute

Only limited data exist on the acuté oral toxicity of T,CDD to avian species but indicate that
birds exhibit a broad range of sensitivities to this substance (Table 39). Single lethal doses
(LDyy) of T,CDD range from 15 to > 810 pgkg" bw for bobwhite quail (Colmus virginianus)
and ringed turtle dove (Streptopelza risoria), respect1vely (Hudson et al. 1984) Mallard ducks -
(Anas platyrhynchos) are also relatively - resistant to this substance, with an LD50 of

> 108 ug-kg" bw (Hudson et al. 1984). 'Legllorn chickens (Gallus domesticus) exposed toa

smgle dose of 25-50 ug T,CDD-kg” bw died 12 21 days later with some birds experiencing

‘weight loss “and perlcardlal edema (Grexg et -al. * 1973).  In ring-necked pheasants

(Phaszanus colchzcus), injection of 25 ug kg! bw resulted _'in reduced survival and growth in
adult female birds (Nosek et al. 1992) Dose dependent increases in mortality and decreases in
body welght were observed in female r1ng necked pheasants treated with a single doses of 0 to

100 pg T, CDD kg bw (Nosek et al 1992)
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1122 Chronic

Few data were available to.assess the effects of chronic exposures to T,CDD in birds, although
data.suggest that effects are similar to those observed in mammals (Tables 40 and 35,

respectively). Significant mortality (80%) and edema occurred in juvenile leghorn chickens

administered 1 pg T,CDD kg bw-d" for a period of 21 d; at daily doses of 10 pg-kg"' bw, 100%"

mortality occurred within 15 days. The NOEL for survival or edema in this study was

0.1 ugkg' bw-d' (Schwetz et al. 1973). In a similar study, McKmney et al. (1976) reported

51gn1ﬁcant effects on food consumption and body weight (i.e., reduced growth rate) when

leghorn chickens were exposed.to 1.0 pg TEQ'kg" bw-day” of T,CDF for 21 d; mortality was

relatively high (16%) compared to control birds (0%). These effects are comparable to those

reported in ring-necked pheasants administered an weekly doses of 1 pug T,CDDkg" bw
(40.14 png T,CDD-kg" bw-d") for 7 wk by ip injection (Nosek et al. 1992).

11.2.3  Reproductive/Developmental

Only one study was found that examined the effects of maternally administered dioxin on
reproduction in birds (Table 41). Female ring-necked pheasants treated with weekly doses of

1 pg T,CDD-kg bw' for 7 wk (~0.14 pg T,CDD-kg’! bw-d") experienced delayed onset of

mortality in 57% of birds, significant reduction in egg production, and embryos from those eges:
'f_lad,'a significantly higher cumulative percent mortality. There were no significant effects on

‘r’fert‘ility or eggshell thickness index (Nosek et al. .1992) - Birds treated similarly with 0 to'

0.1 ug T CDD kg! bw (~O 014 ug T,CDD- kg bw-d" ) ‘bw experienced no significant adverse
effects
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Other studies directly injected eggs with knouvn arnounts of dioxin and examined the effects on
developing- ehick_‘ embryos. Cheung et al. (19815 observed a signiﬁcant dose-response
relationship between T,CCD and incidence of cardiovascular malformations ,A(Iupkto 80%) in
leghorn embryos 14 da'ys after eggs were injected with doses of 0 to 0. 453 ngkg! egg; no such
relationship -was evident with mortahty ‘Similarly, a dose dependant increase in overall embryo
abnormality rate was observed when fertile white leghorn chlcken eggs were 1njected once w1th'
up to 1 pgkg egg. Abnormahtles seen here mcluded. asymmetncal somites and “heart
abnormalities; discrepancies in developmental indicators; high frequency of ‘abnormal visceral
arches; underdeveloped braln and- allantois; and missing tailbud (Henshel et al. 1993) These

findings are consistent with the earher conclusion of Verret (1970) who reported that as 11ttle as .

£ 0.01-0.02 ngkg' egg of T4CDD in chicken eggs can produce embryotox101ty, edema and

deformities (cited in Kubiak-et al. 1989). It appears egg weight alone is not a sensitive indicator
of toxic effects. Although concentration of T,CDD injected (0 to 1 ugkg™) into the yolk or air-
cell contributed 51gn1ﬁcantly, the most important factor affectmg welght of 21 d chicken embryos

was original weight of the egg (Henshel et al. 1997). -

The effects of organochlorine contaminants on fish-eating bird populations has been extensively

studied in the Great Lakes region and on the western Canadian coast. Results from studies

lemploylng field collected eggs demonstrate a strong association between exposure of d10x1n-11ke

compounds and 1mpa1red reproduction, although the relatlve contributions to the tox1c effects by

' - .individual compounds-may -very 51gn1ﬁcantly between species and locations (Bosyeld and van

den Berg 1994). The relatively recent appearance of symptoms of PCDD/F toxicity nray be due
to declines in other orgdnochlorine compdunds moSt notably DDT and its metabolite DDE.

meg to pest1c1de contammatlon eggs were. prev1ously unable to survive long enough for .

PCDD/F tox101ty to manifest (Gresy et al. 1994). Moreover embryonlc effects typically

associated in d1ox;n toxicity were not routlnely ‘monitored until the 1980s. Nevertheless, dioxin

toxicity itself has elearly lessened in recent years which correlates well with-reductions in.

PCDD/F levels. .
.
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Unlike the Great Lakes, where PCBs contribute most of the TEQ activity (>95%) the Strait of
' Georgia in BC contains a relatively high proportion of PCDD/Fs makmg it an 1deal locatlon to
study the effects of these compounds (Henshel et al. 1995). Great Blue Heron chxcks hatched

_from eggs collected from five sites in and around the Strait of Georgia had asymmetric brains.

L _Forebrain asymmetry correlated best w1th T,CDD concentration in the egg, although forebrain’

: depth was more strongly associated w1th TEQs (based on Safe 1990 TEFs) 1nd1cat1ng that other |

. PCDD/Fs may also 1nﬂuence brain development Moreover, frequency and degree of asymmetry
were notably higher in 1988. than 1990 92, when levels of T,CDD and TEQ (based on Safe 1990

TEFs) concentrations had declmed T, CDD and TEQ concentratrons in the eggs ranged from

' nonfdetectable to 8.81 ng kg' and non-detectable to 14.63 ng'kg’', respectively (Henshel et al.
1995). Asymmetry was commonly associated with T,CDD levels ahove.60 ng-kg", though an

~ effect was observed at a concentration -asvlovv,as 13 ng'kg" (Henshel 1998). ECj,s for asymmetry
 in brain angle, depth, height, and width are 53, 44, 40, and 32 ng T,CDD'kg" and 99, 78.5, 83,
and 64.5 ng TEQ-kg;' (Safe 1990 TEFs), respectively (Henshel et al. 1998).’ ) ; .' | A

Chick edema disease, characterised by jelly-like subcutaneous edema onl the breast, \vas observed

~in 33. 3 and '15%:-of Great Blue Heron chicks hatched from. eggs collected from Crofton and

'_Vancouver respectively; no edema was observed in chicks from N1comekl (reference 51te) (Hart o :
) et al. 1991) Chicks from the Crofton site also measured srgmﬁcantly smaller in yolk free

werght kldney and stomach weight, tibia length and we1ght beak length and down follrcle" '

= :den31ty ‘than those from N1comekl those from Vancouver had smaller k1dney we1ghts t1b1a

weight, and beak length Levels of T CDD in the eggs were s1gn1ﬁcantly correlated to: yolk- free
weight, tibia length weight, beak length, and kidney and stomach wetghts Mean T CDD levels -

in eggs were 211, 135, and 10 ng kg ww- for. the Crofton, Vancouver and Nrcomekl colonies, .

respectrvely (Hart et al. 1991). In a 51m1lar study, subcutaneous edema was d1agnosed 1n Great

'Blue Heron chicks collected from Crofton BC in 1988 but not 1991 Thrs observatlon

corresponds toa s1gn1ﬁcant decrease in PCDD and PCDF levels in heron eggs (both T4CDD and
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“TEQ basis) at the site between the two years (from ~530 to lOOJng TEQkg™). (Sanderson: et al.

1994a; based on Safe 1990 TEFs and include PCDD/Fs and PCBs) A 51m11ar trend was noted
for herons collected at. Vancouver from 1988 to 1992 (Sanderson et al. l994a) Morphologrcal

measurements- 1nclud1ng, body weight, yolk weight, w1ng length and brain asyrnmetry, were

| | negat1vely correlated to TEQ levels (81 to 501 ng kg Y in'eggs of double-crested corrnorants

collected from ﬁve colonres across Canada (Sanderson et al 1994a; Henshel et al. 1997).

/Bald e'aglesf appear to be relatively tolerant of dioxin’ toxicity. ‘No significant. concentration-

related morphological, physiological, or histological effects were-found‘ in bald eagle chicks

S collected as eggs from pulp mill and references sites along the»souther'n coast of BC (Elliottet al. -
1996d). Total TEQ concentrations (WHO 199'8_'TE'FS) ranged from :75'96 ngkg"' lipid in the egg

yolks frorn West Vancouver Island’ t0'.25 627 :rig'kg'l lipid in'those frorn'-the “Powell'Rivervv

(% 11p1d ~8.8- 23%) PCDD/F s -accounted for 22- 60% of the TEQ The estlmated NOEL and

LOEL for hepatic CYPIA mductlon in bald eagle Cl’llCl(S are 100 and 210 ng TEQ kg whole egg

- (WHO 1994 TEFs) respect1vely

o Slmllar studies have also been conducted in the Unlted States and Europe ‘Reduced nest success
SR ‘hatch1ng success surv1val and werght incteased relatlve liver welght and 1ncubat1on period were -

. 'reported for Forster s terns from Lake Michigan (Green Bay, MI) for 1983 (Kublak et al. 1989)

T CDD, HCDD total PCDD and total PCDF concentratlons at Green Bay were 37.3, 36.5, -

101.5, and 18 5 ng kg egg, WW, respectlvely, wh1le those of the reference site, Lake Pygan were L
.8.0, 30 ,25.0; and 9.0 ng: kg egg, WW, respectlvely Casplan tems (Hydroprogne caspza) may be

' less sensmve 0 d10x1n act1v1ty as Ewms et al (1994) found that overall, the condmons at Green

Bay were relatlvely good for thls specres desp1te TEQ levels of approx1mately 500 ng-kg'egg,
[based on WHO 1998 TEFS 1ncludes PCDD/F s (~8%)and PCBs (~92%)] The authors _

' concluded that the 1nﬂuence of contammants 1nc1ud1ng PCDD/F s, is now small relatlve to other'g. :

- ‘ stressors (e g hurnan dlsturbances predat1on)
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Reproductive impairrnent was reported 1n wood ducks (Aix sponsa) collected*downstream from.a -

= point source 'in"Arkansas ‘Nests. closest to- the point source (9 km and 17 km downstream) o

. experlenced a 51gn1ﬁcant reductlon in eggs hatched and duckllngs that left the nest compared to

- nests located 58 km and 111 km downstream (Wh1te and Seginak.- 1994 -White and- Hoffman o
| 1995) Of cges that failed to hatch 20% were cracked and desrccated 45% were addled All' : o

: eggs were contamrnated w1th a variety of PCDD/F . congeners w1th average COncentratxons ofl = -

individual congeners as high as 60 ng-kg’ ww. Researches est1mated a threshold TEQ level of

: '20 50 ng: kg based .on ITEFs for nest success hatchmg success and duckhng productron ]

(Whlte et al 1994; Whlte and Hoffman 1995)

- ‘Res1due levels of PCDD/F TEQs (I TEFs) in the yolk sac of cormorants (Phalacrocm ax carbo)"- o

collected in The Netherlands were 51gn1ﬁcantly correlated w1th head s1ze relatrve hver we1ght

k shell welght and yolk sac we1ght (van den Berg et al :1994). Levels of 1nd1vrdual congeners '
.ranged from approx1mately 50 ng kg to 24 e kg hprd Common terns (Sterna hzrundo)‘
' 'appear to be more sensitive as ne1ther egg, hatchling, nor organ welghts of those from The-.v . '_ :
iNetherlands were related to concentratlons of d10x1n-11ke compounds. The Volume of eggs.used
for resrdue analys1s were shown t6 be negat1vely correlated with TEQ concentratrons 1n the yolk’ u'
o (Bosveld et al 1995) The authors speculated that the . absence of pronounced reproductlve; .f'i “
__impairment in these brrds compared to related spec1es from the Great Lakes with- comparable’?"‘
’vcontamrnant levels ‘was..due to dlfferences between PCDD/F and PCB congener profiles, A; :
' partrcularly T4CDD (Bosveld et al.’ 1995) The NOEL from embryomc development in the:, =
Acommon tern 1is below 4 He TEQ kg l1p1d (TEFS from Bosveld et al 1993) (Bosveld and van;"." o

. ’:,den Berg 1994)

1124 Immune System

Only a single study ,examining the effects.of PCDD/F son the avian 1mmune system was lo'cated"' |
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(Table 40). McKinney. et al. (1976) reportéd marked thymic involution, reduced spleen weight

~and depletion of lymphocytes in the spleen of day old white leghomn chicks exposed to

1.0 pug TEQ-kg" bw-day” of T,CDF for 21 d compared to control animals. Similar, but more
pronounced, effects were observed in those dosed 5.0 pg TEQ-kg” bw-day™.

11.2;5 Cancer

No studies were located on the carcinogenic effects of PCDD/Fs in avian species.

11.3 Toxicity to Amphibians and Reptiles
No toxicity studies were located on the effects of dietary consumption of PCDD/Fs to
amphibians and reptiles. Water exposure and injection studies on amphibians discussed in

Section 8.1.2 suggest that these species are relatively insensitive to the toxic effects of T,CDD.

February 9, 1999 . o ' 156 - ~ Draft copy for review purposes only
Guidelines and Standards Division, Environment Canada : : - Do not cite or circulate



12.- CANADIAN TISSUE RESIDUE GUIDELINE FOR THE PROTECTION OF
WILDLIFE CONSUMERS OF AQUATIC BIOTA '

For substances that are persistent and bioaccumulative, the main route of exposure for wildlife in

" aquatic ecosystems is the consumption of contaminated aquatic prey species such as fish. In

order to address this route of exposure, tissue residue guidelines (TRGs), which are maximum -

concentrations of chemical substances in aquatic biota,. are developed to protect, restore, and
+ sustain wildlife that consume aquatic biota in freshwater, estuarine, and marine ecosystems.
- TRGs can apply to tissue residues in dietary speciés including fish, shellfish, invertebrates, or
aquatic plants that are consumed by wildlife (e.g., piscivores, insectivores, and herbivores). In
addition to other environmental quality guidelines, TRGs provide benchmarks to help interpret
biological monitoring data and serve as the scientific basis for determining interim mahagement

objectives and performance indicators to measure progress in virtual elimination strategies.

12.1 CCME Protocol

To develop the dioxin/furan tissue residue guideline, laboratory studies involving chronic -

- exposure of diefary PCDD/Fs to mammals and birds were thoroughly evaluated for their
usefulness in guideline development. Studies were ranked as primary, secondary, or ancillary as

outlined by CCME criteria (1991a; 1998). The ecological relevance of many studies involving

'slight_.effects, though statistically significant, is debatable. Thus, sensitive endpoints, such as

embryonic development, early survival, growth, reproduction, and adult survival were preferred

. over behavioural,‘biocher‘nical, or other endpoints (e.g., lesions, adult organ/body weight

cchanges). Owing to limited data, preference could not be given to studies employing wildlife -

species. A few novel studies did not utilizeé pure congeners, but rather incorporated fish
contaminated with known amounts of dioxin-like compounds into the diets of test animals

(Heaton et al. 19954, b; Ross et al. 1996; Tillitt et al. 1996, Arnold et al. 1998; Feeley and Jordon
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1998; Feeley et al. 1998). Studies involving secondary toxicity were not considered for
guideline derivation because of the presence of contaminants other than dioxins in the diet items.
Nonetheless, these studies provide insight into overall toxicity of natural food sources and were

considered as part of the weight-of-evidence.

For all studies, concentrations of PCDD/F congeners administered to test animals were converted
to T,CDD toxic equivalents using the most recent TEFs from WHO (van den Berg et al. 1998).

Average daily doses of TEQS were calculated, if necesséry, using the food intake:body weight
ratios (FI:BW) provided in the original paper, the national TRG Protocol (CCME 1998), or other
sources (e.g., U.S. EPA 1993). Tolerable daily intakes (TDIs) for PCDD/Fs in food were then

determined, according to protocol.

TDI

= (LOEL - NOEL)*?® + UF
where; .
TDI = Tolerable dai-ly intake (ng TEQkg" bw-d");
LOEL " = Lowest observed adverse effect level (ng TEQ-kg™” bw-d™");
NOEL = No observed adverse effect le§el (ng TEQ-kg’l bw-d");"
UF = Unéertainty or safety factor. -

For some cases in the dioxin/furan data set, the LOEL was the lowest concentration tested, with

- the NOEL therefore laying somewhere between the control (normally 0 ng TEQkg" bw-d“) and

the LOEL. In these instarices, the NOEL was estimated by a formula that was derived from

animal toxicological studies with varioﬁs pesticides (CCM.E. 1993; 19‘98):
NOEL =~ =. LOEL+56

The value -of 5.6 is the upper 95% confidence limit for a mean LOEL:NOEL ratio of 3.93.
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Therefore, dividing the LOEL by 5.6 should safely estimate the NOEL in approximately 95% of
the cases (CCME 1993). There is no evidence to suggest that this relationship does not hold for
dioxin and furan toxicity data. From the data set assembled here, the mean LOEL:NOEL ratio
-and its corresponding 95% confidence interval for mammalian species (n=12) are 5.1 and 3.34-
5.82, respectively. There was insufficient data available to calculate ,LOEL:NOE‘L ratios for

avian species.

In general, uﬁceftainty factors (UF) are used. to account for uncertainty in the estimate of the TDI
due to limitations in the toxicological data (CCME 1998). More specifically, uncertainty factors
are applied because the toxicological database may be insufficient to fully evaluate differences in
sensitivities to toxicants arising from gender, life stage, species tested, duration of expésure,

endpoint measured, and exposure route.

The lowest mammalian and avian TDIs derived from chronic studies were then used -in
conjunétioh with the body weights (BW) and daily food intake-rates (FI) of wildlife species to
- célcﬁlate reference concentrations (RCS) of PCD'D'/F TEQs, uéing the following equation. For
the purposes of deriving a national value, the mammalian and avian RCs must be as inclusive as
possible to accommodate all species and regions in Canada and, theref(')re; are based on the
. highest mammalian and avian FI:BW known for Canadian wildlife, namely 0.24 for female mink
and 0.94 for Wilson’s storm petrel (CCME 1998). These RC values should be applied to the
Ahlghest trophic level at which the given wildlife species feeds. '

RC = TDI(BW -+ FI) -
’ .'where':;
" RC = Reference concentration (ng TEQ-kg" diet on a wet weight basis); .
DI = Tolerable daily intake (ng TEQ- kg bw-d™);
BW - = Body weight (kg ww); and
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FI

.. Food intake rate (kg ww-d™).

 We recognise that use of the highest FI:BW ratio may not always be appropriate (e.g., in areas

~ where Wilson’s storm petrel is not found). ‘For this reason, a list of RCs for a suite of

mammalian and avian receptors is provided (see Table 42). -

12.1.1  Reference Concentrations (RCs) for the diets of mammalian specie§

Tolerable daily intakes as low as 0.04 ng TEQ-kg"' bw-d"' were calculated from mammalian data,

but as these studies examined subtle effects (e.g., enzyme induction; swollen hepatocytes) in rats,

~ their ecological relevance is questionable and therefore not considered directly for guideline

derivation purposes (Tables 33 and 38; Birnbaum et al. 1989b; Kociba et al. 1978). Furthermore,
although a TDI of 0.04 ng TEng‘1 bw-d" was also calculated for reduced pup survival in rats,

pup survival increased relative to controls when parents were mated a second time (Murray et al.

1979). Instead, a TDI of 0.17 ng TEQ-kg" bw-d" for significantly reduced growth rates in male

and female weanling guinea pigs (De Caprio et al. 1986) was selected as the starting point for

deriving mammalian RCs. Reduced growth of young is considered an ecologically significant

endpoint (CCME 1998). In this study weanling guinea pigs were fed diets contairi_ing 0 to
26 ng T,CDDkg" diet for 90d. There were no observable effects at 0.1 or
0.6 ng T,CDDkg"' diet. At 4.9 ng T,CDD-kg"' diet, male and female guinea pigs experienced a

" 39 and 22% reduétion in growth rates, respectively, Compared to controls. At

26 ng T,CDD"kg™! diet, gu‘ineba pigs lost weight, and 60% died or had to be sacrificed (De Caprio
et al. 1986).  On a TEQ basis, the NOEL and LOEL are 0.6 and 4.9 ng TEQ-kg™ diet,

" respectively; as the TEF value for T,CDD is one (van den Berg et al. 1998). The geometric. mean
" of the LOEL and the NOEL divided by an uncertainty factor of ten gives a TDI of
} O.l7ln‘g TEQkg" bw-d"'. This study was chbSen because: (i) exposure was relatively long-term

(90 d); (i) it reported an adverse effect on an écologically significant endpoint (growth of"
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young); (iii) several dose levels were tested, with a clear dose-response effect; and (iv) T,CDD

concentrations in the diet were measured.

Toxicity data exist for several other sub-chronic and chronic studies in which various strains, life
stages, and genders of mammalian species were tested. In addition, a number of sensitive end-
points, such as growth and reproduction, are reflected in the data base. Toxicity data on sensitive

aquatic predators (e.g., mink) is limited, however. As such, an uncertainty factor of ten was

chosen to adjust from a sub-chronic to chronic and to accommodate differences in interspecies

sensitivities to PCDD/Fs.

A RC of 0.71 ng TEQkg"' diet was obtained by dividing the TDI for guinea pigs

| (0.17 ng T‘EQ-kg'1 bw-d™) by the highest FI:BW ratio for wild mammals (0.24 for female mink)

(Table 42; CCME 1998).

12.1.2 Referehce Concentrations {RCs) for the diets of avian species

Only limited information was available on the effects of orally administered PCDD/F’s to birds.'

- These data were sufficient, however, to meet the minimum data requirements for an interim

. guideline (CCME 1998). In a 21 d test, survival, food consumption, and body weights were
_ reduced in one day old white leghorn chicks dosed 1 pg TEQ'kg™ bw-d" by oral intubation

| (2,3,7,8-TCDF) (McKinney et al. 1976). Similar, but more pronounced effects; including 100%

mortality, were observed in those dosed 5.0 ug TEQ-kg" bw-day” (McKinney et al. 1976). A
NOEL of 0.18 pg TEQkg"' bw-d" was calculated by dividing the LOEL of 1 pg TEQkg bw-d”
by 5.6 because this LOEL was also the lowest dose tested (CCME 1998). A TDI of 42.4 ng

TEQ-kg" bw-d" for white leghorn chickens was derived by dividing the geomeiric mean of the

LOEL and NOEL by ten. For ring-necked pheasants, a NOEL and LOEL of 0.014 and
0.14 pg TEQ-kg™ bw-d", respectively, for significantly reduced egg production and increase in
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mortahty of embryos were calculated (Nosek et al.'1992). In this study, ring- necked pheasants

“were dosed via ip. 1nJect10n once a week w1th 0, 0.01, 0. 1, 0r 1.0 pg- kg for seven weeks (Nosek

et al. 1992). A TDI 4.47 ng TEQkg" bw-day” for ring-_necked pheasants. was derived by -
dividing the geometric tean of the LOEL and NOEL by an uncertainty factor of ten. -

Dietary toxicity tests for PCDD/F s on wild and domestic avian spec1es is very limited only two

_ sub-chronic studies were found ‘both of wh1ch are ranked ‘'secondary. - The chicken study

(McKinney et al. 1976) was ranked secondary because no statistlcs were performed and the ring-
neck pheasants study (Nosek et al. 1992) was ranked secondary because dosmgoccurred via

intraperitoneal injection once a week (CCME 1998). For both studies, an uncertainty factor of

ten was chosen to adjust- from a sub-chronic to chronic study and to accommodate differences in

1nterspec1es sensitivities to PCDD/F s and exposure routes.

That the TDI (42.4 ng TEQkg" bw-d") for white leghorn chickens is higher than that for ring- -
‘necked pheasants (4.47 ng TEQ-kg" bw-day™) is inconsiste'nt with reports indicating that white
~leghorn chickens may be inherently ten times more sensitive to‘..T4CDD and T,CDF exposure
“than ring-necked pheasants based on' EROD inducing potency (Kennedy et al. '1996b). A
- probable ekplanation for this discrepancy is the use-of different ’exposure routes (intubation vs.
injection) and different sensitivities among measured endpomts (growth vs. egg production and

- embryo mortahty)

Dividing the lowest TDI (4. 47 ng TEQ-kg' bw- d ) by the highest FI: BW for wild birds (0.94 for
Wilson’s storm petrel) results in an av1an RC of 4. 75 ng TEQ kg diet (Table 42)

12.2 Tissue Residue Guidelines from other Jurisdictions -

Tissue residue guidelines have been developed both for the protection of human health and the
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pfoteetion of wildlife consurhers of aquatic Orgarlisms “In Canada, Health and Welfare Canada -

. (HWC 1990) has denved a: guldehne of 20. ng TEQkg" in fish and shellfish for the pI‘OteCUOH of
human health. A 51m1lar level (15 ng TEQ: kg ) 1S currently being used in Ontar1o to evaluate the
suitability of sportsfish tissues for human. consumpt1on (OMOE 1992) Prevxously the IJC had

. recommended a gu1dehne of 10 ng- kg for T,CDD in the tissues of aquatlc orgamsms

(Boddmgton et al. 1990) More recently, Quebec has recommended criteria of 0.07 and '

0.66 ng- kg T, CDD- in, aquatic life tissue. for the protect10n of human health and plscworous o

’w1ldhfe respectively (MEF 1998).

" The US. EPA (1993) has reported low risk levels of T",CDD' in ﬁ‘sh tissues for the protection of -

Varions components of the aquatic ecosystem.  For-the . pro,tection of fish, the_- low risk
coneentration was 50 ng'kg™. 'ln comparison, the low risk- levels for mammalian-and avian
wildlife species were 0.7 and 6.0 ng-kg'1 respectively. V. The U.S. EPA (1995) also proposed a
Great Lakes water—based criteria of 0. 0031 P ‘L™ to protect w1ldl1fe from the effects of T,CDD
that has bloaccumulated in the tlssues of aquatic biota. In New York, the recommended fish

tissue cr1ter1on for the protectlon ‘of wildlife spec1es from the potentlal carcmogemc effects of

- T,CDD 1s 2.3 ngkg™. A slightly higher. value of 3.0 ngkg! was proposed when only non-

carcmogemc effects of T, CDD were considered (Newell et al 1987)

.Env1ronmental quahty objectives for PCB based TEQs for otter and fish have been developed in
The* Netherlands using correlat1ons between PCB TEQ and | hepat1c ret1n01d (v1tam1n A)

. concentrations (Smit et al. 1996). In otters, a TEQ concentratlon of 2 pg- kg is deemed a safe

4 1éx}e1 (=EC,) while 5 ng'kg™ is considered critical (=EC,,). Safe (=EC,) and critical (=ECy) TEQ _

levels in fish, obtained by d1v1d1ng the TEQ levels in otters by the BMF are 0. 7 and
1 8 ng kg WW (or 11 and 29 ng-kg” llpld) in the total otter diet, respect1vely (Smlt et al 1996)
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12.3 Canadian Tissue Residue Guideline

'The lowest RC between the mammalian and avian values, 0.71 ng TEQ'kg™ diet, is adopted as

the dioxin/furan TRG (Table 42). . The guideline refers to the TEQ concentration due to
PCDD/Fs 'measured in an aquatic organism on a wet weight basis that is not expected to result in
adverse effects on wildlife in freshwater; marine, and estuarine systems. This guideline is"
considered interim as avian toXicity data was only sufficient to satisfy minimum requirements for
an interim guideline.,' 'And, as no dietary toxicity data were located for amphibian and reptilian.

species, this interim guideline applies only to mammalian and avian"wildlife. ‘
12.3,1 Data Gaps

To upgrade the Canadian TRG for dioxins and furans from interim to full guideline status, at
least two primary toxicity studies' on two avian species are required. At least one of these studies
must be a subchromc or chromc test con51der1ng sensmve endpomts (e.g., reproductlon
development growth or surv1val of young) Stud1es on tradltronal avian laboratory or domestlc
species (e.g., chlcken) may be used however studies on w11dl1fe species that feed .on aquatlc
orgamsms are preferred (CCME 1998). Moreover, treatment _through d1etary 1ngest10n is
preferred over other methods (e.g., 1nJectlon 1ntravenous dermal) The tox1c1ty data that are

currently avarlable on mammals is generally sufﬁcrent for evaluatlng the toxic effects of T, CDD

_ although limited data (three studles) were avallable for mink, presumed to be one ‘of the most

" sensitive mammalian wildlife species. For both mammalian and avian species, little information

was located on the toxrc1ty of individual congeners other than T4CDD Few studies ‘were located

" on the effects of PCDD/F mlxtures and more complex mlxtures containing other contaminants

(e.g., PCBs). Non-additive effects and interactions among droxrn llke and non—dloxm-lrke ‘

congeners need to be further elucrdated (Safe ,1998). ‘ Add1t1onally, there is a pauc1ty of

information regarding the bioacc'u'mulation and/or biomagnification of PCDD/Fs in wildlife that |
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_prey on aquatic biota. A greater understanding of the processes involved in uptake, elimination,

metabolism, and biotransformation of PCDD/Fs as their levels in some organisms are very low.

" This information would better establish the relative risks of PCDD/Fs in the environment. -

12.4 The CanadiaanRGs for PCDD/F s and PCBs

12.4.1 - Comparisons among Mammalian and Avian RCs for PCDD/Fs and PCBs

" Dioxins, furans and non-ortho and mono-ortho l_’CBs share a similar mode of action, but induce
- varying degrees of toxic responses. It is-generally. accepted in toxicology that a relatively weak

inducer, but one that is abundant in a system, has the same effect as a strong inducer that is

present 1n only small amounts. By applying TEF values to the concentrations of individual '

PCDD PCDF, and PCB congeners one can theoretlcally correct for the dlfferences in toxicities
among the congeners, thereby facilitating comparisons among systems with drfferent chemical
proﬁles As such ‘one would expect that the TEQ guidelines derived for d10x1ns and furans and
- PCBs would be 51m1lar in magmtude regardless of the nature of the chem1cals used in the

~ derivation.

The. mammahan RCs for PCDD/F s (0 71 ng TEQ-kg! diet) and PCBs (0. 79 ng TEQ kg d1et) are,v.' _
' remarkably srmllar (see also Env1ronment Canada 1998b). Thrs TEQ threshold is further :
- supported by the low I‘lSk T,CDD level of 0.7 ng-kg! proposed for mammahan w11d11fe specres -
bby the U.S. EPA (1993) and by the PCB TEQ crlterra of 0.7 ng TEQ kg’ dlet developed by The |

Netherlands to protect the- otter (Smlt et al. 1996). Strong support also comes from a study in

~ which rnink'yvere fed fish cortaminated with a suite of PCDD, PCDF, and PCB ‘congeners
: throughout- the reproductive period (Heaton et al l995a b; Tillitt et al. 1996) The TDI
.calculated for total TEQs (PCDD/Fs and PCBs) from this study was 0.2 ng TEQ kg bw d ' and
v1f d1v1ded by the FI: BW ratlo for female mink (O 24) would glve a concentratlon 1n the d1et of

/
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0.8 ng TEQ'kg". In this study, the researchers found that a concentration of 22 ng TEQkg" in
the fish significantly reduced kit growth. '

The fact that mammalian RCs are ten-fold smaller than avian RCs suggests that avian species are
less sensitive to the effects of dioxin-like compounds than mammals. The RC developed from
avian PCB data (2.4 ng TEQ-kg" diet; Environment Canada 1998b) is approximately half of the
RC derived from PCDD/F toxicity'de-lta (4.75 ng TEQ-kg™' diet) presented here. Con'sidering that
the PCDD/F data set for avian~>species was very limited, that much of the PCB dietary toxicity
testing was completed prior to the development of sensitive analytical techniques, that many of
the TEQ dietary intakes had to be estimated using nominal concentrations in the food and body
weights and food consumption rates from in unrelated studies, PCDD/F and PCB évian RCs are:
in good agreement with each other. The difference may be an >indication‘ that TEFs can be further
refined, or that speciés specific TEFs may be requi‘red in some cases. Further, variability eﬁists
in PCB congener concentrations for the same technical mixture. Thus, the TEQ conversion
factors used to convert commercial PCB mixture concentrations to a TEQ basis may over or

underestimate the true TEQ content for a given stuay.

12.5 Guideline Implementation Considerations

12.5.1 Concurrent use of the PCDD/F and PCB TRGs ” o

The Can‘adian TisSué Residue 'Glllidelines for PCDD/Fs and PCBs can not be considered in
isolation. >In environments where PCDD/Fs are known to.clearly dominate on a TEQ basis in
aquatic organisms, the PCDD/F TRG will protect wildlife con‘sumers of aquatic biota. Where a
principal aquatic prey item c‘ontainsrboth PCDD/F and PCB levels at or below their respective
gﬁideline' values, consumers may not be protected against adverse effects because of the

chemicals’ comrmon moede of action. In these environments where both PCDD/F s and PCBs

_ contribute significantly td the TEQ concentration, the lower PCDD/F TRG should " take
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precedence as the total TEQ éoncentratibn (i.e., PCDD/F and PCB TEQs combined) not to be

exceeded.

Site-specific PCDD/F and PCB guidelines may be calculated based on their respective relative
contributions to TEQ levels within target organisms. For éxample, if an important prey item of a
~ mammalian species has a TEQ level in excess of the PCDD/F TRG, and that\ PCDD/Fs are

known to contribute 30% to the total TEQ, than the site-specific PCDD/F TRG objective could
| be, for example, 0.21 ng-kg™ (i.e., 0.3:0.71 ng-kg™). | |

1252 Monitoring total TEQ levels

As bioassays take on a greater role in toxicology, they could become an important part of routine
contaminant analysis (see Section 7.3). For example, a bioassay could be used as a quick and
“inexpensive primary tool with which to screen for the presence of significant quantities of

- dioxins and dioxin-like compounds.  Should results of such a test fall below the PCDD/F TRG,

_then further testing inay not be required. If the results exceed the recommended value, then

.- chemical analysis could be completed in a step-wise fashion, depending in part, on the

contaminant history of the location.

1253 T ro_phic level -considerations

For substances that have a strong potential to biomagnify through the food chain; proper
implementation of the tissue residue guidelines (TRGs) will require consideration of trophic

level specific factors. Most important factors include the identification of the wildlife spec'ies

réquiﬁng protection, the food p‘references- of those wildlife species, and the trophic level at which

the specig:s of concern feeds. To protect 'al_l wildlife at a site, the TRGs should be applied to the
highest known aquatic trophic level. |
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The following sections and accompanying tables (Tables 43 to 48) are intended to provide
general guidance ‘necessary for the proper implementation of TRGs for ‘bioacéumulative
substances. The classification for aquatic trophic levels (Tables 43 to 45; from U.S. EPA 1995)
provides guidance on the aquatic organisms found at each trophic level, as well as the wildlife
species that feed at each aquatic trophic level in both freshwater and marine environments.

Feeding habits for several consumers of aquatic life are presented (Tables 46 and 47) to -aid
guideline users in choosing an appropriate trophic level at which to apply the guideline to protect
the wildlife spécies of concern. Use of food chain multipliers (Table 48; from Sample et al.
1996) is only one approach of many that may be suitable for estimating trophic-level specific

chemical concentrations.:

12.5.3.1 Uncertainties with Establishing Distinct Trophic Levels

- A major difﬁculty with the trbphic levels described above is that many species feed at more than

one trophic level and therefore do not fit wholly into discrete trophic levels. While species can

be fairly readily identified as plants or herbivores, the carnivorous species are difficult to

. categorize into distinct trophic levels. For example, lake trout will consume both benthic
“invertebrates (trophic level 2) and small fish (trophic level 3). ‘Mink will feed on muskrats

: (whichv feed mainly on emergent vegetation; therefore trophic level 1), shiners (trophic level 3),

and‘some walleye (trophic level 4). In general, the closer a species is to the tdp of a food web,
the more likely it is to feed on prey from more than one trophic level (U.S. EPA 1995). To

overcome the uncerta‘inty. in assigning the diet of a wildlife species to a specific trophic level, the

~ highest trdphic level at which a species feeds was used for its classification. -

Uncertainty also exists when attemptiﬁg to estimate the food chain or web that supports a given

wildlife species in a specific location. First, a food chain analysis implies a certain consistency -

February 9, 1999 : 168 " Draft copy for review purposes only
Guidelines and Standards Division, Environment Canada . . ) } _ Do not cite or circulate



in feéding patterns over time. The diets of animals, however, vary both with season because of
changes in nutritional needs and availability of prey, and with organism age and size as lafger
animals can take larger prey. Thus, analysis of a particular food chain or web for an organism
over a short period of time'may not be indicative of the potential for bioaccumulation and

biomagnification over longer time periods.

Finally, ecosystem types that would otherwise be similar (e.g., oligotrophic lakes of a certain

size) may support substantially different food webs and numbers of trdphic levels to the top
predators depending on the history of the ecosystem, species introducﬁons, and species loss. It
has been shown that much of the large between-lake differences in contaminant levels among
fish species results from differences in the length of the food chains (Rasmussen et al. 1990).

'This underlines the importance of understanding local food webs if the TRGs aré being applied

‘on a site-specific basis.

12.5.3.2  Basic Aquatic Trophic Levels

. General trophic level guidance for freshwater and marine (salt marsh and open water) ecosystems

_ is provided in Tables 43, 44, and 45. Each trophic level has a general description of the species

that feed within that trophlc level and what their diet resembles. These tables are not intended to o

: replace best sc1ent1ﬁc judgement at a glven site.

12.5.3.3 Prey Trophic Levels of Representative Species

Information on the feeding habits and prey trophic levels of several species in both freshwater
* and marine ecosystems is presented in Tables 46 and 47. Again, these tables are only meant for

guidance and are not intended to replace best scientific judgement at a given site.
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12.5.3.4 Food Chain Multipliers

There may be occasions where contaminant data does not exist for the aquatic trophic level at

- which the species of concern feeds. In this case, the use of food chain multipliers will allow the

investigator to estimate what the concentration of the substance will be in other trophic levels. A

_ list of aquatic food chain multipliers is presented in Table 48.

Food chain multipliers are specific for the log K, of a particular substance. For example, if
mink (which feeds at trophic level 3) were a species of concern at a site contaminated with
T,CDD, and data only existed for T,CDD concentrations in trophic level 2 zooplankton, then
food .chain multipliers could be used to predict the concentration of T,CDD in trophic level 3

fish. The mean log K, for T,CDD is ~6.9 (Table 5). Therefore, according to Table 48, the

concentration of T,CDD in zooplankton would be multiplied by 14.388 to estimate the

concentration of T,CDD in trophic level 3 fish. This and other PCDD/F congener concentrations

adjusted for trophic level could then be converted to a TEQ and summed to give Yestimated TEQ

for trophic level 3 fish. This TEQ value would then compared to the PCDD/F TRG to determine

if mink at that site are at risk from PCDD/F contamination Food chain multipliers may be also
used to estimate chemical concentrations of lower troph1c level organisms by d1v1d1ng the

concentration of higher trophic level spec1es

12.6 Future Directions for Canadian TRGs

- 12.6.1 Guideline Derivation

- Given that PCDD/Fs and coplanar PCBs share a similar mode of action, and that their relative

toxicities can now be standardized through the use of TEFs, a single guideline developed from a
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combined PCDD/F-PCB database would be most ecologically relevant. Further, other chemicals

such as PAHs may prove to act in a similar fashion, and thus lend support to a total TEQ

guideline for the combined effects of all 4k receptor active chemicals, rather than individual
guidelines based on concentration alone. Prior to developing such a guideline, it will have to be
confirmed that Ah receptor mediated toxicity is the most sensitive response sparkéd by these
compounds (i.e., confirm that such substances do not have a second, more potent mode of

action).

With respect to guideline development for the protection of avian consumers of aQuatic life, a
guideline based on TEQ concentration in the egg may be more ecologically relevant and easier to
~ implement than the current Tissue Residue Guidelines based on dietary intake. Currently,
several seabird, faptor and herring gull monitoring programs track contaminant levels in the eggs
of these birds. Eggs are easier to collect and analyze, and contaminant levels in the eggs are a
better predictor of potential reproductive effects than those found in adult birds. Further, the
‘diets of these birds are often so varied that it would be difficult to decide which aquatic prey
species would be the best indicator 6f the birds’ health. Research for this type of guideline is
growing rapidly; for example, many recent studies have examined the reproductive impacts by
injecting fertilized eggs directly with T,CDD or, one or more PCB congeners rather than orally

“dosing adult birds (Bfunstrém 1988; Powell et al. 1996a, b). -

12.62  Guideline Implementation

The Canadian Wildlife Service is }developing‘, a computerized model entitled “Wildlife
- Contaminant Exposure Model (WCEM)” that will provide data and guidahce on selection of
trophic level specific factors.- Currently, WCEM contains information on weight, diet, and ihtake
rates for respective avian and mammalian species in addition to some chemical specific data.

'_ Théf data base will be updated in the near future to provide also trophic level and life history
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information (L Brownlee, CWS, pers. comm. 1998). One of the pfégram’s objectives will be to

derive site and frophic level specific Canadian TRGs. "
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