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Preface

This document has beenprepaed r the pupose of giving gereral guidarce an
conducting both human heath ard ecdogical risk assessents for site clearups n Ontario. It is
neither a detiled desription of the risk asessmert proces nor a field gude © conducing risk
assessments. Information sources that will provide a greater level of ddail for those purposes are
provided atthe erd of eachpatt of this docunent. The readershould refer to the MOEE
document "Guidelne for the Assessrart ard Rengdiation of Contaninated Stes in Ontario”,
1996, for detils on the slection of the Ste Spediic Risk Assessmert (SSRA) appioachasa
remedial option.

The dacument is organzed nto three pats. Part 1 is a gemral introducion to the process
of risk assessart. It descilibes the purpose d this document ard the role of risk assessert in
the ste remediation decsion making proces often followed n Ontario. It also providesguidarce
for the slection of a qualfied individualor group o individuak for the caxduct of Ste specfic
risk assessment, and formulates MOEE requirements regarding third party review.

Pat 2 providessome gereral guidarce or conducting human heath risk asessmert for
the remediation of contamnated sies in Ontario. It is not intended b be anexhaustve guideine
or protocol, but a satenern of basic principles an gereral requirements for Human Heath Risk
Assessrart.

Part 3 provides a bsic framewark for conducing ste spediic ecdogical risk assessents
for the remediation of contamnated sies in Ontario. As perPart 2, it is not anexhaustve
protocol or methodology, but a satemert of principles anl drecion. Refrence s made atthe
erd of Pat 3 to sourcesthat give more detiled methodologies for the field user.

This docurmrent uses caceps ard terminology that are cansistent with the framewark for
conducing ecdogical risk assesserts that has keende\eloped ly the Caradian Council of
Ministers of the Environmert (CCME) (CCME, 1996a)
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PART 1: INTRODUCTI ON

Risk assessemt is a ool that canbe usetil for estmating the pdential for adwerse efects
that could aiise from the presee d contamnation ata ste. As such information delived from
risk assessemt canbe of assstarce n deermining remediation criteria. The piocess caralso
help risk managers evaluat ard canpatre the efeciveress ¢ site spedic remedial aternatives
ard techologies b reduce sk ard to desgn a remediation plan Risk assessemt principles lave
beenutilized exensively in the dexelopmert of the gemric criteria. Asthe term "gerenc” implies,
these citeria mustaccaunt for the large ngority of situatons ard, as a esuk, may not aways be
appopriate for situaions where ste spedic cansiderations devate sulstantialy from the
conditions assured in the gerric criteria developmert process.

It is anticipated that the large mgority of ste remediations will be based on the use of the
gereric citena; howewer, the gudeine alows for the use brisk assessemt in the deermination
of site spediic remediation akernatives,irrespecive o whether gereric criteria exist for the
parameters of concem. Proponerts choosing to use $ie Specfic Risk Assessmait (SSRA)
should be awaee that the piocesses forisk assessent ard risk managenent are recessaly longer
than that of utilizing the generic criteria, and that Ste remediations based on an SSRA gpproach
may resuk in increased estrictions for future site uses. It stould ako be noted that the use 6
SSRA mustalso fully consider both human ard ecdogical heath, with the excepion of for
sersitive stes whrere anly the sesitive aspecheed le addessedas spedied n the gudeines.
All relevant pahways ard recepors asseiated wih the ste mustalso be considered. Ste spediic
criteria deiived from the SSRA process mstalkso fully accaurt for al potentia recepors ard
exposure pahways that were consdered n gereric citeria development process as deiled in the
docunment "Rationale for the Developmert ard Applicaton of Gereric Soil, Groundwater ard
Sediment Criteria for Use at Contaminated Sites in Ontario” (MOEE, 19960).

The poponert decding to utilize SSRA should be awae that, for many parameters,
pulished ecdogical toxicity dat are scace,ard if SSRA is utilized n place & exsting ciitena,
laboratory ard field toxicity sudiegbioassays may be required. The pioponert is required to
conductanERA ard assue that patential ecdogical recepbrs, both terrestrial ard aquaic, are
protected, evenif these canponerts have not beencovered in the spedic gereric citerion.

This docunment is intended b provide gudarce an conducting both human heath ard
ecdogical risk assessents for site remediations in Ortario. It also outlines te germral
expecttions of the Ministry of the Environmert ard Energy (MOEE) for the paming ard
conduct of anSSRA. Since eactlsite remediation projectis different ard decsions may have to be
made unque b eachcircumstarce, the provisons are ntended b provide geeral guidarce aly.
Sound cientific judgenent mug be exercised duilized troughout the assessent.

This docurrent is not intended b cover the degyn of community heath studies, biological



monitoring, nor epidemiological sudies.

In conducing anSSRA, the risk assessacsiould use be piinciples an apppactes
contained in the following three de@unents (or ses of documents):

1. Backgound Docunentation for the Developmert of the MPC Nunerical Stardards
Massachsets Depatment of Environmertal Protecion, Bureau ¢ Waste Ste Cleanrup
ard Office d Reseach ard Stardards April, 1994.

2) Risk Assessmart Guidarce or Supefund. Volume 1:Human Heath Evaluaion Manual
(Pat A); Interim Final. U.S. Environmental Protecion Agercy, Office d Emergercy ard
Remedial Response, Washington, D.C. 1989.EPA/540/1-89/002

3) A Framewark for Ecological Risk Assessmart: Gereral Guidarce CCME, April, 1996
(c/o Manitoba Statutory Publications, 200 Vaugh St Winnipeg,Manitoba, R3C-1T5,
phone 204945-4664) A Techical Apperdix to this document is to be pulished soon.

In cases bdivergerce n guidarce povided m spediic issuesthe requirements autlined
in this document should be followed. The risk assessor should dearly highlight and rationalize
ary depatures fom these potocols ard recagnize that this could sgnificartly add o the tme
required for the review of the SSRA process.

1.1 Useof the SSRA Approad in Site Remediation Activitie s

When ernvironmenrtal contamnation is ercountered ata ste, a decsion is required on what
actions must be takenin orderto reduce luman ard ecdogical heath risk. The decsion is often
based m the ewaluation of akernatives €.g. various remediation levels) in terms d their impacton
the heath ard wel being of human ard non-human biota, in terms d sacio-ecanomic impact ard

taking into consideration technical feasibilit y and legd considerations.

The piocesséadng to a decsion on whether to use gearic criteria or to sekectthe SSRA
approach normally consists of some or dl of the following seps

° assessert of contamnart concertrations relative to gereric ciitenain the gudeine

° identification of any Potentially Senstive Sites (as ddfined in the guiddine) that could be
affected ly contamnarts on-site

° technical economic feasibilit y assessment of meeting the gppropriate generic criteria

Where the assessemt indicates hat it is not feasble or ecanomicaly possble to meetthe gerric
criteria, or on the kesis o other considerations, the proponert may decde © proceed wih an



Introductian

SSRA. Where the SSRA appoachis sekcted n lieu of usihg a geeric ciiterion, it may be used
either to modify one a more of the canponerts of the gerric criterion, or to dewelop al
componerts for a ste spediic citeron.

The adnmistrative requirements for the use 6 site spediic risk assessent are detiled in
the man guiddine document.

The SSRA appoachinvolves two main componerts, Risk Assessmart ard Risk
Management. These are briefly described bdow.

1.2 What is Risk Assessment?

Risk assessemt refers to the techical, scentific assessenrt of the reture ard megnitude
of risk ard uses adctual base b deine the heath effects d exposure of individuak or
populations to hazadous cotamnarts ard stuaions. It uses dols o scence, statistics aml
modédling to analyze risk-related information. For the purpose of this document, risk is ddined as
the probabilit y of an adverse event dueto disturbances in the environment. One can aso describe
risk with the following expresson.

Risk = Severity of evert (Hazad) x Exposure

All ecdogical ard human heath erdpants, including both carcer ard non-carcer, mustbe
assessedThe quailty of the assessemt is governed 0 a brge degee ly the quaity of the
suppating toxicological ard exposure information ard the expettise d the piofesionals who
conductthe assessem. Uncettainty is inherent in the process. Risk assessert is only one d a
number of assesseart tools that canbe appled to a poblem. It may be the nost appopriate tool
In some instances, but may not be the method of choice in others. For some contaminants, it is
possble that existing toxicological daia do not alow for quartitative risk estmation within a
reasmalde degee d urcertainty. Underthese suatons, qualtative assessent would ke a
minimum requirement but may not necessaly be suficiert for decsion making. Inthese casesf
a gemic ciiterion exsts, the proponent may be required to acheve that criterion.

1.3 What is Risk Managenent?

Risk management refers to the development and impementation of a srategy to control,
mitigate a manage he 1isk. It isthe process dung which the relative merits of the aternatives
are canpared b eachother ard the nost appopriate is seected fom anong themfor
implementation. Risk management integrates the results from risk assessment, including its
uncertainty, with information about techical resaurces,sccio-ecanomic factors, ard cantrol
options to reacha decsion. This managenent decsion may also include dher factors ard
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community input in same cases.The dewlopmert of alternatives,evaluation of akernatives
accading to their effects on heath ard on their impacton sacio-ecanomic, techical ard legal
faciors, ard campalison of akernativesmay form aniterative proces. Scentific judgnents ard
policy choices ae mede kased m the best scentific information in the risk assessent process,
ard are dstinct from the lroader sacial ard ecaomic pdlicy issuesnherent in risk managenent
decsions. It becames essetid to cleaty sepaste the two componerts of risk assessent ard risk
managemnent, sothat risk managers are provided wth risk estmates that are afecied asittle as
possible by non-scientific congderations for making nmanagement decisions.

Given the variety of risk managenent decsions that canbe utilized axl the impactthese
decsions canhave on the ste remediation process as webs o assaiated adnmistrative
requirements, these dedaions have beendivided nto two caegaies: Level ard Level 2 Rsk
Management.

1.3.1 Level 1 Rik Managenent

Some risk managenent decsions ae essetial to the deeopmert of criteria based a the
SSRA process. These include suchssues as:
e what is anaccepdble risk?
e what appationmert of a reference dee to different media $ould be used n deeloping
the ciitera?
e how should normal backgiound cancertrations be accainted for?
® how should the SSRA consider analytical capabilities?

The gerric chiteriain the gudelines wee deeloped lased m spediied nethods d
handling the almve issues.In using the SSRA appoach the sane methods nust be adrered to.
These ag autlined kelow.

1.3.1.1 Lifetime Cancer Risk

A lifetime additional cancer risk of one-in-a-million (10°) for carcinogens must be
utiliz ed.

1.3.1.2 Appationmert of Reference Dose

In the case bthreshold chenicals, ary devation from the 20%appationmert
used in the development of the generic criteria must be fully justified via a mutimedia
exposure assessert.

1.3.1.3 Solubility Ceiling
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As was the case for generic criteria, the incorporation of the 50% of solubilit y
limit s must be adhered to for paameters in water.

1.3.1.4 Minimum Valuesfor Criteria Dewveloped Based on SSRA

In the deelopment of the gerric sal critena, the rumerical values wee always
limited at the low end by both known background concentrations and analytical
capabilities. The same concepts apply to the development of Ste gpecific criteria. That s,
the values canot be expeced b fall below the backgiound cancertrations for
uncontamnated pakland Stes (as defned within the gudeine), nor would they be driven
below the method detection limits (MDLS) listed in the document "Guidance on Sampling
ard Analytical Methods for Use atContamnated Stes in Ontario” (MOEE, 1996a)
Where sichnumbers are lacking in the gudeinesor suppating documrentation, they may
be deweloped ushg methods ard principlesoutlined in the gudelinesard in the alove
docunent.

1.3.1.5 Maximum Valuesfor Criteria Developed Based on SSRA

In addtion to the mnimum valuesdesribed albve, the Ministry has deweloped a
set of maximum numeric values for soils and non-potable groundwater which will serve as
ceiling or upperconcertration limit s for ste specific criteria developed via SSRA and
Level 1 risk managenent. These @ues wee deweloped as a @cautonary measue ©
minimize the general degradation of soil and groundwater qudity in Ontario, recognizing
that once cottaminated, it may not be possble a feasble to return these nedia ©
pre-contamnation levels. It is stressed lhat these @ues ae alsdute maxima that may not
be exceeded ¥ criteria deiived from an SSRA appoachwithout same form of Level 2
risk managenent. They are rot to be viewed uwer ary circumstarces as accegtle o
alowalle levels, ard ary numbers usedn a remediation that are letweenthese évels ard
the accemble gemric citeriain the main guideinesmug be fully suppated. In the cag
of oils, the Uppea Concentration Limit has been sat a alevel equd to 10 times the
highest exposure-related human contact component (S1, S2, S3), with an absolute ceiling
of 10000 ppm(ng/g). For groundwater, the Uppa Concentration Limit gpplies only to
the non-potable stuation, with the values set a 10 times the highest exposure-related
groundwater component (GW-2, GW-3), with an absolute ceiling of 200000 ppb(«g/L)
and adjusted for solubility (50%). Given the direct human health aspect for patable
groundwater (based @ drinking waier objectives) ary risk-based level 1 risk
managenent adustment of these @ues wauld require case spefit jusificaion ard would
not be expeced b devate sgnficartly from the gerric citena.

This process is dmilar to that used by Massachusetts. Concentrations above these
values will not be pemitted as Ste pecific criteria resulting from an SSRA without some
form of Level 2 risk management. These "Uppa Concentration Limits' are presented in
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Apperdix E.

1.3.2 Level 2 Rik Managenent

Level 2 risk management involves decisions on remediation measures to be used or on
minimizing risks that could result from leaving contaminants in place atconcertrations higher than
either the gemric criteria or those detrmined ly the SSRA ard Level 1 risk managemnent process.
The congderations involved in Level 2 risk management could include

e the full or patial blocking of exposure pahways,

® limiting Ste accessd cettain recepors,

® ergineeed sadutions, ard

® sccio-ecaomic considerations regarding the level of accepble risk.

Whereer ergineered sdutions a blocking of exposure pathways are cansidered, anaddtional
risk assessemt must be conducted to ersure that the residualrisk is accepable. The proponert
mustalso be awae o ard abde ly the requirements o the main guideine regarding esgblishing
and mantaining gppropriate administrative and pulic consultation requirements.

1.4 Sdection of Qualified Conaulting Team
Since iisk assessemt ercompasses arbad aray of scentific ard sttistical tools aml

information, to perform a neanngful risk assessemt normally requires a eamof professonals
with expettise in the various dscplines. The expettise rormally includes be following:

° toxicology
° environmental chemistry
° ecdogy

° hydrogedogy
° environmental fate and transport moddling
° epidemiology and community medicine in some cases

The teamneeds ¢ denonstrate the required expettise ard experierce, concomitart with
the health aspect and environmental data/modédling issues involved.
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1.5 Third Party Peer Review

The Ministry requires pioponerts to have all site SSRAs peerreviewed ly a tird paty

prior to proceedng with a remediation plan The lasic requirements ae as 6llows.

The review nmust be undettakenby a gemraly recaynized exelt or group o expelts with
denonstrated krowledge d the aeas desdped in Secion 1.6. A peerreviewerslould
restrict her/his canments to spediic areas @ hisher expettise (e.g. a gerral expettise n
risk assessemt does ot imply expettise n hydrogedogy).

The third paty reviewing the dacunment mug be ertirely indepenlert of both the
consultant conductng the risk assessemt ard the proponert of the pioject, with the sde
exception of the cantractarnd fees eceved for conducing the review.

Documents should bereviewed and documentation revised prior to submission to the
Ministry, with a degiled indicaion of how review canments have beenaccainted for
included n the report.

The peerreview nust fully considerthe gudarce gven in this docunment ard pant out ary
discreparcies ketweenthe risk assessent ard this guidarce.

It is expected that the review will at a minimum encompass the areas outlined in the
Checkist for Revewess (Apperdix F), Ministry requirements ard ary other significart
issuesmpacing on the assessemt of heath risk. This deph of review stould be
substantially demonstrated throughthe provision of a written review report.



PART 2: HUM AN HEALTH RI SK ASSESSM ENT

2.1 What is Human Heath Risk Assessment?

Human health risk assessment is the evaluaion of the probabilit y (including likelihood and
sewrity) of adwerse heath consequeres,ard the acconparying urcettanties, to humans caused
by the presere d a clemcal ata gven site. The appoachtakes nto consideration that many
contamnarts may be presem simultareously in seweral media suchas bod, arr, water, sal or dust
ard cansumer products ard that they reachthe recepors through multiple exposure pathways.

The first step nvolves brmulating the problem based o the reture ard exent of
contanination in the media arl locations of concem. Routes d contamnart trarspat due b site
spediic characteristics nust be accainted for. The steis characterized b deermine what
recepor populations are curently presem at or nearthe ste ard to idertify those that may be
presen in the pioposed bnd use catgay. Hazad idertificaton resulks in a peliminary
idertificaton of potential human recepbrs, patential exposure pahways ard paential impacton
human heath. For cettain sites, the list of chenicak that have patential for full assessert may be
lengthy. The risk assesgamay wishto reduce he rumber of chemrcak t the sgnificart ones b
be caried troughthe remaining three séps @ the risk assessemt process.

Hazad idertificaion/problem formulation is followed ty the deermination of the risk
asseiated wih the presere d the clemicalto the recepors idertified ator nearthe ste. This
risk is estmated in three ngor steps; toxicity assessert, exposure assessert ard risk
characterizaton.

2.2 When isHuman Heath Risk Assessment Used?

Within the gudeines br use atcontamnated stes in Ortario, Human Heath Risk
Assessrart canbe used m the following stuatons:
® where gemric criteria do not exist
e where the use bthe gemric citenais not feasble
® atsites where the overburdenis less tat 2 netres deep.In this casea Hunan Heath
Risk Assessrart is required.

Use d Human Heath Risk Assessmrt in the first situaton requires anexanination of al
the canponerts that have beenutilized n the dexelopmert of the gemric criteria in the gudelnes,
whereas,in the latter two situaions, it may be possble to examne individual critical componerts
of the gerric chteriathroughthe SSRA.
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2.3 Principal Elements of Human Heakh Risk Assessment

There ae four mgjor elenens that must be considered n human heath risk assessent.

These etnerts are isted below.

Hazad Idertificaion/Problem Formulation

Determination of whether a paticular ervironmerta contamnart is presem or is
likely to be presen ard idertificaion of al keyadwerse efects. Adverse efects include
chemcalard plysical effects (e.g. ervironmental fate ard trarspat, persistence n the
environment, bioaccunulation, etc.), toxicological ard cther heath effects, suchas
diseasesard aeshetic effects.

Dose esponse assessent

Determination of the quantitative relationship between the magnitude of exposure
and the probahilit y of occurrence of a paticular adverse effect as well as the uncertainties
asseiated wih the deermination.
Exposure assessert

Determination or egimation of the megnitude,frequemry, duration ard routesof
exposure for the cataninarnt ard assessart of the urcettainties assoiated wih the
determination.
Risk characterizaion

Integration of the resuts o exposure ard dosevesponse assessants to describe

the reture ard magnitude d the risk rom eachroute d exposure, the pgulation ard sub
population at greaestrisk aml the urcettainties assoiated wth the overall aralysis.

2.3.1 Hazard ldentification/Problem Formulation

Hazad Idertificaion arsweis the following quesions.

Charackristics d the caitaninarts

a. What are the pdential adwerse toxicological ard heath effects an the recepors
asseiated wih chemcal exposure?
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What are the plysical effects d the caitamnarts? (e.g. ervironmertal fate ard
trarspat, persistence n the ervironment, bioaccunulation, etc.)

2. Charactristics d the ste

a

What are the general physical characteristics of the Ste? (e.g. climate, vegetation,
sal type, ground water hydrogedogy, preseme aml locaion of suface wagr,
meteorology, geologic setting, etc.)

What is the curent land use catgay? How far awayis the cbsesthuman
population? Isthe ste pulicly accessle? What are the human acivities ard
paterns (e.g. % time the pdentially exposed pgpulations sperd in the pdentialy
contanminated aea;% time the actvities occur primarily indoors a outdoors;
variation due b seasoal charges;ary site-specfic pgoulation characteristics hat
might influerce eyosure, efc.)?

What is the future land use catgay? Would the gioundwater be used ér drinking
in the future (if not used now)?

What is the human subpopulation of patential concem? Is there ary group with

increased segtivity, either due b the kehaviour, acivity patern, etc. of the sub

population or to the inherent toxicity of the chemcal? How far are they from the
site (e.g. sclools, daycare ceitres,hosptals, retirement communities, residertial
areas wih children on-site a neatby)?

3. Chenical sekction for detiled assessart

a.

Which contamnarts are required to be suhected  further steps n the risk
assesseart process;specficaly, dose esponse assessent ard exposue
assessem? (See Apperdix A for Chemcal Selecton Criternia).

2.3.2 Toxicity Assessment

Toxicity assessert is composed d two componerts. The first componert is addessed
underhazad identification which is discussedn Secion 2.2.1. The secad camponert isdose
response asessmen

In general, toxicity assessmrt arswers two basic questions:

° What are the pdential adwerse efects an the recepobrs assaiated wih chenical exposure?
(i.e. hazad identification)
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° What is the relationship betweenthe megnitude d exposure from different exposure
routes and the probabilit y of the occurrence of these adverse effects in the recepors? (i.e.
dose esponse a&sessmet)

To arswerthese quesbns, the risk assessaexanines a wile speatum of information.
This includeshuman epdemological sudies anmal toxicity sudies ard ather suppative dag,
including metabolic ard pramacdkinetic sudies,cel cuture ard microorgansmstudies aal
structure-actvity studies. Usualy, al evderce s weighted n deiiving anarswerto the first
queston. The desetespase assessnt involves nany other considerations. These mclude
consideration of the appopriate dat setto use,specesio-speces exrapdation ard highto low
dose exrapdation. The deserespase elationship is one o the keypieces 6 information needed
in deermining remediation criteria for the chemcals). The pubicaion by the US. National
Acadeny of Science, titled 'Risk Assessrart in the Federal Government: Maneging the Foces$
contains more detailed questions which should beconsdered by the risk assessor.

2.3.3 Exposue Assessmen
Exposure assessert arswers three Iasic questions:
° What are the pahways by which recepors are pdentially exposed?
° What is the frequery ard duation of actual ard/or patential exposures?
° What is the magnitude d these eposures?

Reasmalle maximum as wel as aerage estnates d exposute (or distribution) for
relevant populations are dewloped lased on both curent ard future land use asumptions, ard
site spediic ervironmental levels. For both curent ard future land use sceamios, the risk
assessor must identify the potential pathways of exposure from al media, estimate the exposure
point concertration for spedic patways ard quanify the catamnart intake aml uptake br
spediic pahways.

Some of the quesbns asked ad information neededn doing eXposure assessert are
categaized asdllows:

1. |dertificaion of exposure pathways of concem
a. What are the saurces br al patential releasesast presem ard future) ard what
are the pdential receving media (air, suface wagr, ground watr, sadl, sedment,
biota)?
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- This involves ewaluation of the plysicalchemical, fate ard trarspatt
propetties d the chemicalto idertify the nedia that are receving or may
receve the ste-related chenical

b. What are the exposure paints? (i.e. where canthe pdentially exposed p@ulation
contactthe chemical?)

C. What are the exposure routes?(e.g. ingeston of sal, inhalation of vapour,
inhalation of soil particles and dug, dermal contact with oil, etc.)

3. Quaurtification of the exyposure to the recepbrs

Thisincludes he catulation of intake, uptake o deivered targetdose ites for
eachexposure pahway ard the total dose &te for eachroute. It requires the following
information:

a. exposure concertration (arithmetic awerage dé ard range a distribution of
concertration that is contacted over the eyposure peliod) at the exposure paints

b. contact rate (amount of contamnated medium contacted perunt time or even)
ard/or albsorption rate

C. total time of exposure (estimated from exposure frequery ard duration)

Quartificaton mustalsoinclude eyosure from other saurcespatwaysioutes rot
spediicaly assaeiated wih the cataninated sie under assessert, suchas bod
ingegion, water supply ard anbiert ar.

2.34 Risk Characterization

In the final step, risk characternzaton, the information from the e)posure assessert ard
toxicity assessert is integrated. By comparing chemicalspecfic toxicity information aganst
both measued catamnart exposute levels ard levels predicted throughfate ard trarspatt
moddling, a determination is made as to whether current or future levels a or near the dte are of
potential concem. The pulation atrisk, as wellas he megnitude anl nature of risk from each
major route o exposure are ako idertified. Risk craracterizaion should include ealuaton of
the cantribution from the diferent exposure routes al media to the overall risk when
appopriate.

It should be noted that there ae aeas & uncettainty in both toxicity ard exposure
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assessert. Uncettainty of the overall risk assessemt process sbuld be amlyzed,quarnified
(where gppropriate) and discussed explicitly. This information, be it overestimation or
underestimation, will be factored into the risk management decision in designing a suitable risk
reduction strategy. It isin the "Risk Characterizaton Secion” that the risks n terms o
magnitudes,types ad urcettainties nvolved ae desdbed ard their significarce nterpreted.

24 General Requirements of a Human Heakh Risk Assessment

241 Generml features

It is expeced hat the urcettainty of the assessemt be minimized b remain biologicaly
meanngful in orderthat it canbe a u€ful tool for making meanngful risk managenent decsions.
Efforts should be focused on maters of significance, i.e. maters which could patentially
contribute significart uncertainty to the overall assessaent.

In generd, the ste specfic risk assessert should:
° Be fully documented.

° Be stientific aly defensible. (i.e. aqudity equivalent to pubication in reputable
international journals.)

° Contain the main componerts of risk assessemt, namely; problem formulatorn/hazad
idertificaion, exposure assessert, dose espaise assess#r, risk claracterizaton, ard
include a dscusson of the urcettainty.

° Be canducted in accadarce wih esgblished accepdble appoactes h eachscentific ard
statistical field.
° Provide exyeimentally measired \aluesto suppat/verfy moddling where available.

° Be based on realstic asumptions substantiated with suppating dat. All asumptions
should be made explicit. In the absence of sound scientific information to the contrary, the
assumptions should err onthe sde of caution.

° Be carried out by professionals, including scientists qudifie d in human toxicology.
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242 Hazard ldentification & Chemical Selection for Detailed Assessmant

This portion of the assessemt should adiress bhe following requirements:

Provide lasic information on the ste, including sunmary of pastard curent land use &
the ste and the surroundings

Provide a brief description of the sampling program.

Before applying ary screenng method, docunent a st of contaninarts found on site ard
includea summay of the monitoring data and deection limit for eachcontamnart. This
could include a spaai distribution of contamnarts on site whenappopriate.

If screenng is involved © reduce he rumber of chemicak for human heath risk
assessat, the report must presem the crenical sekcion criteria, the list of chemicak,
ard how the citeria are appied to the list of chemicak. Thisis best presemed in a \bular
form.

Althoughthe spedic criteria for chemncal sekction are depedert on the ste, construction
planard surounding land use,it isimperative that chenmical speces pesen at the ste that
are relatively toxic, peisistent ard mobile would not be scieered aut. (Refer to sekction
criteria in Appendix A.)

If human heath is the citerion for the seécton, thenonly human-heath based sd
guidelnes slould be used 6r screenng. Gereric citenia from the gudeine whch have
incorporated dher considerations may not be sutalde without further examnation ard
additional explanation or adjustment (refer to Appendix A). Instead, exposure limits, such
as eference ses RfDs), alowable intakes o risk specfic doses RsDs), developed by
major reputalde regulatory ageries wth same conservative exposure assurptions wauld
be more auitable. If such values are available, novel interpretation/modification of toxicity
parameters will, in general, not be accepéble.

Provide anaralysis ard a surmary of the pdential adwerse efects an the luman recepors
for chemcak seécted.

24.3 Toxicity Assessment

The use of probabilistic gpproaches in dose response assessment is not suppated ky the
MOEE atthe presem time.

The RD, carcerslope a alowalde daly intake sflould be idertified for the carect
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isomer/specation of the clemical as dertified o site, for the routes d exposure of
interest. Caution must be exercised in converting the expaosure limit for one route of
exposure to arother, epecaly whenthe toxic erdpants are erirely different. Suppating
ard credble aralysis is required.

In many circumstarces,pullished toxicity assesseris by reputale regulatory agerties
may be adpted. Suchageries nclude dher Caradianjurisdictions, US Environmertal
Protection Agercy, World Heath Organzation, Calfornia Environmertal Protecion
Agerty. Ingerera, the required docunmentation consists of anevaluaton ard a
desciption of the toxicity assessert ard provision of a rationale for adgting the
patticular toxicity assessert over the ahersin terms d choice d daibase,qualty of the
assessment, use of upto-dae information and suitabilit y of the assessment in the context
of the poblem at hand. Howewer, there ae curently ceitain chenicalk for which the
Ministry has developed helth based toxicity vaues. These MOEE vaues should beused
in lieu of values from other jurisdictions. (refer to Appendix B.)

Occupadional exposure limits (TLVS/OELS) apply grictly to workers under existing labour
regulation. The use 6 TLVS/OELs nmay not be sutalde for ervironmertal risk assessent
because ocupatonal exposure limit s are generally based on principles and assumgions
different from those peataining to community health based limits. Application of a
correction factor to convert an occupéaional TLV to an environmental limit, where an
accepéble ervironmertal limit does not exist, is not generally endorsed unless suppated
by a canplete docunmented amalysis of dat.

Caution must be exercised in the conversion of short term exposure limits to long term
exposure limits and vice versa. Note that the toxic endpants of long and short term
exposure canbe quite different, ard further, may be mediated ty different mechansms.
Any conversion factor proposed has to be scientificaly suppated anl fully docunrented.

It is inappopriate o convert regulatory guideines nto RfD or RsD a alowalde intakes,
as other risk management considerations may be incorporated into developing these
guidelnes. Instead,the kackgiound docunmentation should be consulted to idertify the
RfD, RsD a alowale intakes deeloped ly the respecive regulatory agermies @ which
form the basis for an existing limit (e.g. drinking water objectives).

It may not be possble a appopriate to conduct quartitative risk assessemt where there
are nsufficient dat or no pre-existing toxicological assessert of the caitaninart. In
general, when a contaminant has not been assessed and an exposure limit or dose response
relationship has rot beenestblished by credble agemies, risk assessent stould not be
undertaken De novoanalysis of toxicity daa is highly discouraged and will generally not
be acceped.
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Depenling on the pupose d the risk assessent, a lck d relevant dat should lead b the
following conclusions:

- the presen status d scientific knowledge des rot alow the ealuation of human
heath risk

- no human health based remediation criteria can be established.

Recanmendations canbe made that, for the piotection of human heath ard in the alserce
of adequat knowledge b human heath risk, exposure to humans be reduced as mchas
possble, ard remediation criteria be based @ other factbors (.e. backgiound). Thisis
within the reaim of risk managenent decsions ard is outside the sce d risk assessent.

An amalysis of the mgjor saurces d uncettainty on both hazad idertificaton ard dose
respanse assessent ard of how suchuncetainty affects the autcome o the toxicity
assesseart stould be provided

2.4.4 Exposue Assessmen

Depenling on the land use the canstruction planarnd the suroundings, this secton should
idertify relevant on-site ard off-site human recepbrs that could be affected. This also
includes @casonal recepbrs (e.g. visitors, utility workers, etc.) Recepbr characternstics,
suchas agewater ard sal intake, should be cleaty atticulated.

In the ewent that the future land use las rot beenpredeemined for a paticular site, it
should be assumed for the pumpose of exposure moddling that the ste will be residential in
nature. Any depature from this assumption has to be justified.

For spediic contanminarts, idertify spediicaly sersitive recepors from toxicity
assessearis.

Discusshe ervironmenta fate of the cattamnarts including passble degadaton.

When suficiert laboratory ard field evderce ndicates hat a clenical could be
degradedbiodegiaded b a elatively more toxic ard pesistent intermedite/product, the
future concentration of the patential degradaion product/intermediate has to ke estimated
from the presen concertration of its precusors if possble. A good exanple is the
araebic biodegiadation of cHorinated aiphetics n groundwaier.

Identify directard indirect pahways of exposure for eachrecepor.
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Deperding on the land use the castruction planard the fate ard trarspat of the
contaminart in the ervironment, idertify ard document relevant exposure scerrios,
exposure pahways to on-site ard off-site human recepors.

The exclusin of recepobrs ard exposure pathways normally assaiated wth a paticular
scenario must be fully ju stified.

Docurment the exposure modek, model assumtions arl characteristics d the recepbors,
used or evaluation of exposures.

With regards © the use & computerized exosure modek, the MOEE prefers that
proponents utilize modds available in the puldic domain. Such modes must be
accamparied by available technical suppat documentation of basic principles user
instructions, etc. Use d proprietary modek is accepsble anly whenextensive
documentation of the moddling is provided. The documentation should includeall
mathematical expressons ar assurmptions usedn the nodels). In either caseyeview o
arisk assessment will be facilit ated by provision to the reviewer of any computer software
being utilized for the exposure calculations. The rationale for the suitabilit y of any chosen
modd to the problems paosed by a ste should dso be documented.

Provide gewrra equatons aml sanple cakulations for evaluaing human exposute for the
various pathways.

Calkulate exposures 1o the diferent recepors from various pahways idertified for
different chemcak.

For many chemicalk, espea@lly carcinogers, if expeimental animal dat are usedad
estblish a dse espase eationship for a chronic efectin humans, the chemical is
usualy admnistered to the anmals starting whenthey are very young throughtheir
normal lifespan Given the sane concertration in a gven medium, the dase perbody
weight for infants, children ard aduts canvary consderaldy. Furthermore, the
concertration of contanmnarts canvary during the cairse d a peson's lifetime. To alow
for compaiison on the sane basis, one cancaktulate the weghted awrage chonic daly
intake (CDI - Apperdix C).

Consideration of backgiound exposures aher thanexposure to contaninated sal on site
should ako be discussed vith reference © the ste specific exposure.

Probabilistic gpproach

If probabilistic gpproach is used, the condud of the moddling should follow genera
principlesof good practice sichasthose poposed by Burmager ard Anderson (1994)
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asseiated wih exposure assessert.

The following lists same addtional (not exhausive) consideration.

Site spediic paameters:

Site spediic measued \alues shuld be used 6r deiiving statistical distributions
for site spediic paameters usihg acceptd sttistical procedues. Not only should
the input distributions be provided but dso the raw data onwhich these
distributions ae deived reed o be provided wth the risk assessent. The
validity of the assessemt depeis \ery muchon the \alidity of these dstributions.

Sensitivity analysis should be provided.

Insufficiert measuenent does rot alow reliable defnition of ary pamametric
distribution. For a paameter that may drive the risk assessent, new field
measirenerts should be undettakento supply missing information or supplenment
pattia information as nuchas pssble. Whenaddtional measuenerts camot be
conducted, the assesscshould cloose analternative appoachwhich would
provide a ea®nale upperbound egimate to the exposure varialde (e.g. use o
maximum value, bootstrapping which involves sampling equdly all measured
values,etc). A discussin of the mpactof the urcertainty of the paameter on the
overall risk has to be provided.

Whense\erd statistical distributions fit a setof measued \alues conparaldy well,
modédling can be conduded with dl possible distributions in paalel following a
sersitivity amalysis. A range d the autput values carbe provided accopaned by
a sutale discusson of the urcettainty of the dstribution ard its efecton the fina
output All input distributions used in the moddling have to be reported.
Alternatively, the ditribution that yields the nost conservative output canbe used,
accanpaned with a dscussin of the urcertainty of the dstribution ard its efect
onthe final output.

Recepobr characterigtics:

Statistical distributions pubished in peerreviewed setific literature slould be
consulted whensekcing distributions for parameters assaiated wih recepor
characternstics.

Where diferent set of statistical distributions have beenpulished for the sane
recepbr characteristic paameter, one stould sekctthe nost relevant distribution
for the ste specfic risk assessert.
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Provide anaralysis of the ngjor saurces & uncertainty ard how they affect (quartitatively
if possble) the eyposure estmates.

245 Risk Characterization

Should provide ckar, unambiguaus satenerts regarding paential heath risks,if arny.

Requres anaccuete desciption ard a hologicaly meanngful interpretation of the risks,
not just a numerical listing of the risks.

Evaluation of the risk estmates slould be objective anl free d value bas.

Assessmart should atempt to discuss he total risk as well as sk o individud
paameers. (e.g. possible effects dueto synergism, if applicable.)

Whenadequag eviderce siggess that some chemcalk may actinteractively (e.g.
synergism, additive) through smilar mechanism of action and/or on the same target
orgars, these clkmcak stould ako be treaked as a grup where appopriate. Exanples
are chlorinated dioxins, PCBs, PAHs, some volatile organics. Various jurisdictions have
pulished gereral guideineson risk asessmert of mixtures, suchasHeath Canada
(1994) US BPA 19861, CAPQGOA (1993) Assessors should use their professional
judgment whenusng these gudeinesard in decding which chenicak should be treaked
asa goup.

It is not appopriate to add lazad qudierts of chemical for which the exposure limits are
based m different adverse efects ard mediated by different mechansms of acion.

Whena canpound is known to degadebiodegiade n the ervironment to relatively more
toxic and pasistent intermediate/produd, any sgnificant health risk dueto the
biodegiadation intermediate/product must be characterized.

The exposure to the chemical on ste should be compared to the exposure limits of the
sane isomer/specation of the ctenical, correspanding to the sane route d exposute.

Make sue that the human recepbr evaluated carespands © the luman population for
which the exposure limits are developed. For example, in the case of phenol, an exposure
limit has been derived based on developmental effects in the developing fetuswhen
pregnant femaes are exposed to the chemical. This exposure limit would not be
appopriate o characterize tisk due ¢ direct exposute to either adut males a children
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without some discussion or appying a quafier.

° It is important that intake rates ale canpared D reference dses hat are kased m
admnistered doses ad uptake etes ae canpared D reference deses lased m uptakes.
Adjustment to reference doses for bioavailabilit y should not be madeif there are no
denonstrale differences n uptake letweenthe nedia usedn the toxicity study ard the
media for the relevant pathway addessedn the ste assessert (Refer to Apperdix D).

° For non-threshold efects, suchas catinogeric efects, it isimportant to presen the
resuts in sich a way that subsequent Level 1 risk management decsions regarding an
accepé#ble risk level to the public canbe made with full knowledge d the impacton the
numerical values. For exanple, sal concertrations carrespanding to various lisk levels
(10%, 10°, 10°, efc.) canbe listed.

° If remedial action plars ae ealuated for their effeciverness n reducing human heath risk,
eachmodificaton to the exposure scerario ard catulations reeds ¢ be presemed abng
with the keselne e)posure estmates.

° Provide anaralysis of the mgjor saurces d uncettainty ard how they impact

(quantitatively if possible) on the overall final risk estimates.

2.5 Comprehensve versus Screening Rik Assessment

What has keendescibed in previous Scions 2.2 ard 23 are hesic eknerts ard
requirements for a canprehensive risk assessemt which aims at quartifying heath risk. The
resuks d this process caite used m conjunction with many other considerations for seting ste
spediic remediation critena.

Under cettain circumstarces,before enbarking on a canprehensive risk assessent, a lisk
assessomay wishto conducta sceenng risk assessemt on the cattaminarts atthe ste. A
screening risk assessment is a preliminary tool with specific purposes as follows:

° to idertify likely alserce d potential human heath risk
° to deermine if a canprehensive risk assessent is needed

° to assst in deermining the scqe d the canprehensive risk assessert.

For exanple, a sceenng risk assessemt canbe undettakenas pat of problem
formulation. The resuks o this process a& quaitative anly ard canbe used aly in chemcal
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selection, eiminating irrelevant pahways of expaosure or irrelevant recepors for further
consderation in the canprehensive risk assessent. Howewer, the resuks have no mearnng
outside he catext of the sceenng procedue.

Screening risk assessment is Smilar in principle to comprehensive risk assessment.
Howewer, urlike canprehensive risk assessent, it camot be used or the following puiposes:

° to make quantitative estimates of risk to human health

° to develop dte specific numeical soil remediation criteria.

25.1 Chemical Selection, Exposure Assessmeinand Toxicity Assessmein

Unless scficaly stated a sceenng risk assessert stould have the sane general
feaures as a aoprehensive risk assessent ard gudarce or conducting chemcal sekction,
exposure assessaTt, toxicity assessert stould be followed where appopriate. In gereral, more
conservative assumtions regarding exposure ard recepor charactenstics ae mede n the caduct
of a sceenng risk assessert. The following lists same of suwch assunptions ard the kesic seps
that would be undettaken

° Selectthe nost sersitive recepbr appopriate for the chemical
° Select aample, plaugbly maximum exposure scenario.
° Use he neaximum detected cancertration of the chemcal or total concertration of a

related class & chemicak.

° With the almve information, cakulate plausbly maximal on-site exposure for the closen
recepor for the closenexposure scemrio.

° Compare the maximum expaosure to the gppropriate exposure limit of the chemical.

25.2 Risk Characterization

A screernng risk assessert differs from a canprehensive risk assessart in the risk
characterizaion step aly in the see that it camot provide a quatitative esimate of risk. If the
maximum exposure is less than the exposure limit, this suggess that the ste probaldy doesnot
pose a leath risk due o the paticular chemmcal ard a canprehensive risk assessent is likely not
needed.Howewer, if the maximum exXposure exceeds lie exposute limit, a comprehensive risk
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assessart is needed d deermine if the ste poses a bath risk ushg more realstic exposure
scerarios arl more represeiative estmates (represeiing cerral tendercy estmates) in each
medium. Otherwise, the risk characterization of a sceenng risk assessemt stould have the sane
gerera feaures asn a canprehensive lisk assessent.

2.6 Resource Rublications on Human Heakh Risk Assessment

Until suchtime that the Ministry of Environmert ard Energy develops canprehensive
guidarce daunents for conducting human heath risk assessem, the readercanrefer to both the
Massachsets "Backgound Docunentation for the Deelopment of the MCP Nunerical
Stardards’, which is contained within the Apperdices ¢ the MOEE docunent "Rationale for the
Developmert ard Applicaton of Gereric Soil, Groundwater ard Sediment Criteria for Use at
Contanminated Stes n Ontario”" (MOEE, 1996h ard the Unted SatesEnvironmertal Protection
Agercy docunent titled "Risk Assessmart Guidarce or Superfund, Volume I: Human Heath
Evaluaion Marual (Part A)" (US BPA, 19891 for more detaled gudarce an conducing human
heath risk assessemt. In cases bdivergerce n guidarce povided m spediic issuesit is
expected that the MOEE guidance will be followed. A list of other useful resource literature on
various aspea d human heath risk assessemt is provided n this secton. Thisis not meart to
be exhaustve ard dees ot represem erdorsenert by MOEE. These dounents ako contain
specific jurisdictional pdlicies and default values which may not be gpplicable to Ontario. Sound
scientific judgenent should be exercised in utilizing any of the documents.

AngusEnvironmertal Ltd. 1991. Revew am Evaluation of Recepor Characteristics for Multi-
media Assessiants. Final Repat. Prepaed or Ministry of National Heath ard Welfare,
Environmertal Heath Directorate, Ottawa.

Burmader, D.E. ard PD. Anderson. 1994. Piinciplesof good practce for the uge d Monte

Cailo Techmiques mn Human Heath ard Ecological Risk Assessmrts. Risk Analysis. 14:
477481.

Canadian Council of Ministers of Environmert (CCME). 1996. A Protocol for the Dervation of
Environmental and Human Health Soil Qudity Guidelines. Subcommittee d the CCME
on Environmental Qudity Criteria for Contaminated Sites. CCME, Winnipeg, Manitoba

CAPQOA. 1993. Air Toxics"Hot Spds' Program. Revised 1992 Rsk Assessmert Guideines
Toxics Canmittee d the Caifornia Air Pollution Control Officers Assaiation, Calfornia.

Heath & Welfare Ganada. 1990. Heath Risk Determination: The Challenge d Protection.
Ministry of Natonal Heath ard Welfare, Heath Protecion Brarch, Carada.
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Heath Canada. 1994a. Canadian Environmental Protecion Act. Human Heath Risk
Assessrart for Priority Substances. Environmenta Heath Direcorate, Ottawa, Careda.

Heath Canada. 1994b Human Heath Risk Assessment of Chemicak from Contaminated Sies.
Volume 1. Risk Assessmart Guidarce Mamial Draft. Environmertal Heath Direcorate,
Ottawa, Canada

Heath Canada. 1994c¢. Hunman Heath Risk Assessmert of Chenicak from Contanminated Sies.
Volume 2. Risk Assessmrt Applicaion Marual Draft. Heath ard Welfare Camada,
Environmerta Heath Direcorate, Ottawa, Carada.

MOEE. 1996a Guidarce an Sanpling ard Analytical Methods for Use atContaninated Sies in
Ontario. (Marsh, M., R Lall, S. Capdick, A. Lewis, E. Pastorek, and A. Kuja) Ontario
Ministry of the Environmert ard Energy. Stardards Developmert Brarch. February, 1996

MOEE. 1996b Rationale for the Deelopment ard Application of Gereric Sal, Groundwater
amd Sediment Criteria for Use atContaninated Stes in Ontario. (Kuja, A. ard R. Peason)
Ontario Ministry of the Environment ard Energy, Stardards Dewlopmert Brarch.
Januaty, 1996

National Research Courcil (U.S.). 1983. Risk Assessmert in the Federa Government:
Managing the Rocess Natonal Acadeny Press,Washngton, D.C.

National Research Courcil (U.S.). 1993. Issuesin Risk Assessmert. National Acadeny Press,
Washington, D.C.

National Research Courcil (U.S.). 1994. Scence aml Judgnert in Risk Assessmert. National
Acadeny Press,Washngton, D.C.

Quekec Ministry of the Environmert. 1991. Guideinesfor Toxicological Risk Assessmert:
Sunmmary ard Suppeting Docunments. Preliminary. Risk Assessment Service, Montreal.

U.S. Environmertal Protecton Agercy. 1986a. Guideinesfor Mutagencity Risk Assessmert.
Federd Register. Vol. 51, No. 185, Sepember 24, pp. 3400634012.

U.S. Environmertal Protecton Agercy. 1986b Guidelinesfor the Healh Risk Assessmert of
Chemcal Mixtures Federal Register. Vol. 51, No. 185, Sepenber 24, pp.3401434015.

U.S. Environmenrtal Protecion Agercy. 1986c¢. Guideinesfor CarcinogenRisk Assessmert.
Federa Register. Vol. 51, No. 185, Sepember 24, pp. 3399234003.

U.S. Environmertal Protecton Agercy. 1988. Supefund Exposure Assessmert Manual Office
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of Remedial Response, Washington, D.C. EPA/540/1-88/001.

Environmertal Protection Agercy. 1989a. Interim Methodsfor Developmert of Inhalation
Reference Doses. Office d Heath ard Environmertal Assessrart, Researh Triangle
Paik, N.C. EPA/600/888/066F

Environmertal Protection Agercy. 1989b Risk Assessment Guidarce or Supefund.
Volume I: Human Heath Evaluaion Manual (Part A); Interim Final. Office of Emergency
amd Remedial Response, Washington, D.C. EPA/540/1-89/002.
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PART 3: ECOLOGI CAL RI SK ASSESSMENT

3.1 What is Ecological Risk Assessment?

Ecological Risk Assessmrt (ERA) is a piocess with atempts to estmate ard, where
possible, quantify risk posed to the environment and its non-human inhabitants by a given
condition. For this guideine, this condition is normally the preserce d a clemcal at
concertrations higher thanthat of uncontamnated kackgiound levels. Asin human heath risk
assessatt, ERA is the techical, scentific assessert of the rature ard magnitude d the risk
attributalde to the cantamnart ard the stuaion. Risk managenent is a dstinct ard sepaate
process i which strategies b control, mitigate a manage the risk ae dewloped aul
implemented. Risk management integrates the results from risk assessment with information
alout techical resaurces,sacio-ecanomic ard cantrol options in order to reachdecsions. It is
important that the two processes oERA ard risk managenent are ckaly sepaated sothat risk
managers have scientifically based risk estimates upan which to base risk management decisions.

ERAs canbe either predictive or retrogpectve. The former atempts to predict the future
effects d a cataninart on anexsting ervironmert ard is used ¢ deermine the pdential risk o
a chemcal prior to its releasento the ervironmert. The ktter atempts to estmate the efectthat
a catamnart has ateadyhad on the ervironment, ard is used ¢ assst in the deermination of
remedial procedues. Although ERAS for site remediations are dten viewed as pmarily
retrospecive, the predctive componernt needed @ estmate patential effects due o release 6
chemicals from contaminated areas is crudal for its primary gpplications in this guiddine.

3.2 When isERA Used?

Within Ontario's revised guileine an contaninated sies, there ae two ways by which an
ecdogical risk assessent could be conducted. Firgt, situaions may exst where there ae
environmenal consderations outside d those for which the gemric criteria were esgblished.
These ae spedied n the gudelne dccument.  They are stuations where there ae spedic ste
conditions not accaunted for by the gerric criteria or where there is a spedic recepbr or habitat
upon which contaminarts on the ste could have aneffectard which merit specal atention not
given in the dewlopmert of the gemric ciiteria. An ERA may (see guileine) be required if the
proponernt was umalde or chose rot to remediate o appopriate kackgound (not contaninated)
concertrations. The secad case ocurs whena poponen is bypassng the use bexsting gereric
criteria for ary reasm outlined n the gudeine, or where gemric criteria do not exst.

These wo situatons have differing implicatons regarding the scge d the ERA thatis
conducted. For the first situaion where there ae speal recepors, critical habitats, or specal
Site conditions, the appropriate generic criteria ill apply to the Ste, and the ERA is undertaken
sdely to ersure that the speal recepors will be protected or that the special Ste conditions are
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accaunted for. The ERA canfocus spedicaly on these ecepors ard accadingly, has a narrow
scqpe wih respectto speces anl habitats examned. This contrasts with the secad stuation
where exsting gereric criteria are keing bypassed pwhere citeria do not exst. In this casethe
ERA must cover the wide lange d speces hat exist on or nearthe ste, or which, given the
spediic canditions, stould be alde to exst on the ste.

In most cases, the decision to condud an ERA will o ccur after a Phase 2 dte assessment
has keenconducted. Information deiived from the Fhase 1 ad Phase 2 $e assesserts will
provide a lasis for plaming ard canducting the ERA.

3.3 Bagc Framework for Conducting ERAS

3.3.1 Levels of Assessment

The MOEE acceps the asic CCME framewark for conducting ERAs (CCME, 1996)
This framewark recaynizes hat spediic canditions at different sites warant differing levels of
effort and complexity in conduding ERAs. Accordingly, it proposes three levels of investigation
of patential ecological risk as follows:

1) Screenng Lewel Assessrart
2) Preliminary Quantitative Risk Assessment
3) Detailed Quantitative Risk Assessment

1) A Screening Level Assessment (SLA) is a primarily qudlit ative assessment of the potential
environmental risk to spediic ecdogical recepbrs that have beendeermined b be of
major importance. These age caled valued ecsystemcomponernts (VECs). An SLA is
based primarily on daa from literature reviews and from previous or preliminary sudies a
the ste. It should provide sufficient information to determine that remediation is or is not
required, or it may provide a lasis for deermining what level of ERA is required ard for
focuang mae ddailed investigations of patential effects.

2) A Preliminary Quantitative Risk Assessment (PQRA) uses a comhbination of literature
information ard ste spedic dat cdlected spedicaly for ERA purmposes b deermine
preliminary quantitative risk estimates for specified VECs exposed to the substances of
concern. It is focused on fillin g Sgnificant data ggpsidentified at the screening level.
Methods used a nore complex thanfor a sceenng level assessert ard are drecied at
produdng quatitative assessemts of risk. At this level of assessert, bioassag canbe
usetil tools for assessqg the toxicity of the chemmcak presen atthe ste. Inthe large
majority of cases wére this level of assessert is used,it should produce suiciert
information upan which remediation decsions canbe based. In a few casesdat gaps 0
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uncertainty may be of sufficient concern to warrant ill more deailed investigations.

A Detfailed Quanitative Risk Assessrart (DQRA) uses rare extensive arl canplicated
field assessments and maddling of contaminant movement, exposure pahways, ecosystem
characterization and assessment of toxicity to attempt to fill significant data ggps and
uncettainties ateadyidertified, ard to quanitatively assessisk. Bioassag are likely to be
important tools in assessg toxicity at this level of assessart.

3.3.2 Necesary Elements of Ecological Risk Assessments

There ae four mgjor elenerts that must be considered wihin anERA underthis

guideine. These etnerts are listed below along with a lrief desciption of each Theyare
sametimes viewed as €ps,in that ERAs cangererally proceed in the sequece asikted;
howewer, there ae many feedlacks ad overaps ketweenthe diferent elermrents.

1)

1) Recepor Characterization.
2) Exposue Assessmart

3) Hazad Assessmarnt

4) Risk Claracterizaion

Recepor Characterization is the process 6 idertifying the ecadogical (non-human)
recepors of concem (VECs), the efects aganst which it is desrable to protectthe VECs,
ard the nears a pahways spediic to eachVEC by which it may come into contact with
contaminarts. The recepor characterization process sbuld arswerthe following
quegions:

° What speces o habitats (VECSs) stould the ERA protect?
° What effects slould the BRA protectthese speeis agaist? (referred to as
"assessmrt erdpants’)

° What measuenerts canbe used ¢ assesshe efect? (referred to as "neasuenert
erdpants’)

° What characteristics d the VECs nfluerce their exposure to the pdentia
contamnarnt?

In ERAs conducted for the pupose d bypassng gereric criteria, recepors considered
must includeterrestrial plants, terrestrial animals and soil dwelling organisms, aqudic
speces whch could ke affected hroughsuiface wagr or ground water discharging to
surface wagr, ard avan speces hat may be affected ty contamnation at the ste.

Recepobr characterizaion has links to both exposure assessert and hazad assessent;
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therefore, the three séps ae rot conducted indepenertly of one arother.

Exposue Assessrart is the ewaluaion of the pdential exposure of the VECs b
sulstances detrmined D be of patential concem. It should arswerthe following
quesions:

° What are the chemcak d patential concem to be assessed?

° What are the pahways by which spediic VECs ae pdentially exposed b
idertified clemcak o patential concem?

° What is the mggnitude of the actud or patential exposure?

° What is the frequermy of the exposure?

° What is the duation of the exposure?

The principles of exposure assessment for ERA are amilar to those that are
outlined n Part 1 on exposure assessert for human heath risk assessapnt.
Methodsused for ERAS (i.e. moddling of contaminant movement) and those used
for human heath risk assessemt should be compatble. If screenng of chemcalk
for full assessment is done, the principles outlined in Appendix A should be
followed. The man principle in screening or short-listing chemicals is that al
chemicak stould be included br full assessert urless tere is information that
suppats excluson.

Hazad Assessman is the process & deermining the pdentia for spediied catamnarts
to cause adsrse efects in exposed ndividuak or populations, ard of estmating the
relationshp betweenexent of exposure ard seerity of effects. Hazad assessent
arswess the following quesions:

° What are the pdential adwerse efects an the VECs assoiated wih exposute to
the spedic clenicak?

° What are the relationships ketweenthe nagnitude d exposure from relevant
exposure pahways and the probabilit y of occurrence of adverse effects on the
recepors?

For the levels of ERA alove the sceenng level assessert, bioassay becane important
tools for hazad assessart. Where hoassayg are caxducted, they should be chosento
include spe@s anl erdpants that are relevant to the ste being assessed drhat are
known or thought to be sensitive to the potential contaminants, as well as including
gereraly accepéd sardardized pocedues anl speces.

Risk Claracterization is the integration of information detived from recepor
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characterizaion, exposure assessert ard hazad assessert. It gives anestmate of the
degee d risk that is presem from spediied catamnarts to the VECs pesem, or which
will or should ke present, a aste. Measured and predicted contaminant concentrations
are canpared wih toxicity information to deermine the pdential for adwerse efects. In
determining the megnitude anl reture of risk from different sourcesof exposure,
uncettainties ae alvays presen. The risk claracterization secton should ako aralyze am
attempt to quantify the magnitude of uncertainty present in these risk estimates by
integrating the urcertainty aralyses hat stould be presen in the aher sectons.

3.4 Conduding Remarks

Part 2 o this docuent outlines a lasic stucture for conducing ERAs in Ortario that is
founded upm the GCCME's ecdogical risk asessmernt framewark. For detiled desriptions of the
stepsor componerts for the diferent levels of ERA, ard for more detailed gudarce m
conducing ERAS, the readeris referred to the CCMEdocument ertitled "A Framewark for
Ecological Risk Assessrart: Gereral Guidarce" (CCME, 1996) Additional documents
describing the recommended process have been developed by the CCME and should bepulished
later this year(1996) Pewsons conductng ERAs to meetthe Ortario contanminated ste guideines
must be familiar with the CCME ERA procedures and documents. These, as well as other
docunents that may be of assstarnce n conducing ERAS, are listed in the hbliography following
this section.

3.5 Useful References for Conducting ERAS

Bartel, SM., RH. Gardner, and R.V. ONelll. 1992. Ecological Risk Estimation. Lewis Rublishers,
Ann Arbor, Michigan.

Beanands, G.E. ard PN. Duinker. 1983. An Ecological Franewark for Environmertal Impact
Assessmart in Carada Institute for Resaurce aml Environmertal Studies, Dahousie Uriversity,
Halifax, Nova Scotia.

Buchman, M. 1992.How to Desgn anEcological Risk Assessmert. in HMC/Supefund 92
Proceedngs Hazadous Matrials Cattrol Resaurces hstitute, Maryland.

CCME. 1996a. A Framewak for Ecological Risk Assessmert at Contanminated Sies. Gereral
Guidarce, CCME Subcommittee on Environmental Qudity Criteria for Contaminated Sites,
March, 1996. Available c/oManitoba Statutory Publicaions 200 Vaugh St, Winnipeg,Man.,
R3C-1T5.
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CCME. 1996b A Framewark for Ecological Risk Assessmert: Techical Apperdices CCME
Subcommittee o Environmertal Qualty Criteria for Contaninated Stes. In prepaaton.
Winnipeg, Man.

Ford, K.L., F.M. Applehars, ard R Ober. 1992.Dewelopmert of Toxicity Reference Valiesfor
Terrestrial Wildlife. in HMC/Superfund 92 Roceedngs Hazadous Matrials Catrol
Resarces hstitute, Maryland.

Mayernick, JA. ard K. Fehrerkanp. 1992.A New Model for Conducting Quanitative Ecological
Risk Assessmrts at Hazadous Waste Stes. in HMC/Supeifund 92 Roceedngs Hazadous
Materials Cantrol Resaurces hstitute, Maryland.

Suter, G.W. 1993. Ecological Risk Assessmert, Lewis Rublishers, Chelsea,Michigan

U.S. Environmertal Protection Agercy. 1989a. Ecological Assessmert of Hazadous Waste Stes. a
Field and Laboratory Reference. Warren-Hicks, W., B.R. Pakhurg, and S.S. Bker, (eds).
EPA/600/389/013. Prepaed ly Kilkelly Environmental Associatesfor USEPA.

U.S. Environmertal Protecton Agercy. 1989b Risk Assessment Guidarce or Supefund. Vol 2.
Environmental Evaluation Manual. Interim Final. EPA/540/1-89/001. USBEPA Office d
Emergercy and Remedial Response, Washington, D.C.

Water Environment Federation. 1993. Applicaion of Ecological Risk Assessmert to Hazadous
Waste Ste Renediation. Water Ervironment Federation. Alexandria, Va
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Appendix A

Chemical Sdection Criteria

Selection criteria for short listing of chemicals

Chemicals for which monitoring daa indicate "< detection limit", as long as detection
limit s are accepéble to MOEE, are cansidered rot presen on site ard ae rot suhectto
further investigation. The Ministry has ddiined its position on Method Detection Limits
(MDLs) in the dacument "Guidarce an Sampling ard Analytical Methods for use at
Contanminated Stes n Ontario”" (MOEE, 1996a) This document is a canpanon docunent
to the revised (1996)contamnated stes guideine.

All compounds pesen at concertrations which exceed diecis-based gearic ciiteria must
be considered for full risk assessent; howewer, the ciiteria in the dacument "Rationale for
the Development and Application of Generic Soil, Groundwater, and Sediment Criteria for
Use atContaminated Stes in Ontario” (MOEE, 19961) that accanpanes the gudeline
canbe used 6 reduce he rumber of chemcak for full assessert. For exanple, a ull
human health risk assessment may nat be necessary for a compound for which the generic
criterion was lased m ecdogical effects if concertrations on-site donot exceed he
appopriate luman heath componert vaue. Howewer, it must be noted that, if an
exposure pahway important in the ste spediic case bs rot beenconsidered n the
derivation of the gemric sal criterion, anaddtional componert correspanding to that
particular pathway should ke included (i.e. volatilit y of the chemical needsto be
consdered if a mgor pahway is inhalation).

For sites idertified as ptentialy sersitive accaoding to the defnitions in the gudeine, al
chemcak presen at alove kackgound cancertrations (Talde F in the gudeine) must be
considered for the appopriate form of risk assessent.

All known or probable human carcinogens and chemicals for which no human hedlth
threshold has keenestblished for their adverse efect must be evaluated.

Compounds whch have the pdential to bioaccunulate ard are ako persistent ard toxic
must be evaluated.

For compounds that have the pdential to be degraded b other toxic chenicak, the
breakdavn products mug be asessed.

The presere d contamnation in the giound water but not in sal sanples dees rot
preclude he cantaminart from assessert, irrespecive d the arigin of contamnation.
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7. Where two or more compoundsthat are smilar in physical, chemical, and biological
propetties anl that have the sane toxic erd pants are presem in the slort lit, it is
accepéble to evaluate one represemative compound to reduce he scqpe d the exercise.
However, if this route is taken, moddling has to be conduded with the most toxic
compound, usig the Hghestconcertration anong the ctenicak ard the plysical chenical
propettiesof the most mobile chemicalin the gioup. If the autcome suggess a heath or
ecdogicalrisk , it would be necessarto re-model the individualchemicak in the group
with their correspanding cancertrations ard the whole group wlere appopriate.

These ag germra screenng criteria athoughthe spedic crtenafor screenng are
depenlert on the paticular casethe ste ard the panfor construction, redevelopmert,
remediation ard reuse.

B. Application of criteria

No patticular sekcton criterion has keengiven greaer weight thanary other. All mustbe
appled to a given contamnart.
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Appendix B

M OEE Human Health BasedToxicity Values

Currently, there ae cetain chemcalk for which the Ministry has deeloped leath based
toxicity values. These @ues sbuld be used m prefererce © values fom ary other jurisdictions.

Dioxins and Furans

Tolerable Daly Intake (TDI) for 2,3,7,8-TCDD or its toxicity equivaent (TEQ)
= 10 pcogram TEQ perkg body weight perday

Althoughthe recanmended DI is deweloped lased on the efects of 2,3,7,8-TCDD, it is
possible to calculate tolerable levels of exposure for al dioxins and furans. This is done by taking
the cancertrations of the 17 nost toxic dioxins ard furans, multiplying eachone by a toxic
equiaency factor (TEF) - its toxicity relative to 2,3,7,8-TCDD - ard adding up al the carected
concertrations expressed as 3,7,8-TCDD toxic equvalents. The international Toxicity
Equivalency Factors (I-TEF) of these 17 rost toxic dioxins ard furans are piovided n Table B-1
ard are based on the pioposal by NATO-CCMS (1988) Thes valueswere deweloped ly
scientific expelts in severa courtries ard were ad@ted by Canada n 1990.

Lead

Total intake d concem (I0C) = 185 pg perkg body weight perday
for sengtive populations within the community

N-Nitrosodimethylamine (NDM A)

Cancerdope factor = 51 permg/kg/day
for alifetime exposure
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Appendix B

Intemational Toxicity Equivalency Factors for the 17 doxin ard furan isomers o

concem (NATO-CCMS, 1989)

| Isomer of Concern | I-TEF |

2,3,7 8-Tetrachl orodibenzo-p-dioxin 1.0
(2,3,7,8-TCDD)

1,2,3,7,8-Pentachlorodibenzo-p-dioxin 05
(1,2,3,7,8-P5CDD)

1,2,3,4,7,8-Hexachl orodibenzo-p-dioxin 0.1
(1,2,3/4,7,8-H6CDD)

1,2,3,7,8,9-Hexachl orodibenzo-p-dioxin 0.1
(1,2,3,7,8,9-H6CDD)

1,2,3,6,7,8-Hexachl orodibenzo-p-dioxin 0.1
(1,2,3,6,7,8-H6CDD)

1,2,3,4,6,7,8-Heptachl orodibenzo-p-dioxin 0.01
(1,2,3/4,6,7,8-H7CDD)

1,2,3,4,6,7,8,9-Octachl orodibenzo-p-dioxin 0.001
(1,2,3/4,6,7,8-0CDD)

2,3,7 8-Tetrachlorodibenzofuran 01
(2,3,7,8-TCDF)

2,3,4,7 8-Pentachlorodibenzofuran 05
(2,3,4,7,8-P5CDF)

1,2,3,7 8-Pentachlorodibenzofuran 0.05
(1,2,3,7,8-P5CDF)

1,2,3,4,7,8-Hexachlorodibenzofuran 0.1
(1,2,3/4,7,8-H6CDF)

1,2,3,7,8,9-Hexachlorodibenzofuran 01
(1,2,3,7,8,9-H6CDF)

1,2,3,6,7,8-Hexachlorodibenzofuran 01
(1,2,3,6,7,8-H6CDF)

2,3,4,6,7,8-Hexachl orodibenzofuran 01
(2,3,4,6,7,8-H6CDF)

1,2,3,4,6,7,8-Heptachl orodibenzofuran 0.01
(1,2,34,6,7,8-H7CDF)

1,2,3,4,7,8,9-Heptachl orodibenzofuran 0.01
(1,2,34,7,89-H7CDF)

1,2,3,4,6,7,8,9-Octachl orodibenzofuran 0.001

(1,2,3,4,6,7,8,9-OCDF)
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Appendix C

Calculation of Weighted Average Chionic Daily Intake (CDI)

The weghted chionic daly intake (CDI) is the estmated daly intake averaged oer a Ifetime
ard adpsted or body weight. Thisis usetil, espeally in the case bcarcinogers, for which the dese
respanse elationship is usualy deweloped lased o chronic exposure throughout a recepor's lifetime.
In situations where the level of exposure of anindividualto a gven contaninart differs vastly during
the course of higher lifetime, ether dueto differing environmental levels or body weight or
behaviour, cakulating the weghted chronic daly intake o the individualalows canpaiison of the
individuals exposure aganst the heath based bxicity values @ a canmon basis.

In gereral, the equabn for caktulating the weghted awrage clnonic daly intake (CDI) is
expressed asoflows:

n
chronic daly intake =X (Dally intake x years)/(body weight x normal life span).
i=1
where I = stlage ¢ anindividuals life

X year = normal lifespan
Example

Individuak expetierce a Ingher level of exposure during the first 7 yeass of hig’her life perunit
body weight.

The daly intake d the cantaminart for children (1-7 years dd) is 1.6 pg/day:.
The daly intake o the caitamnart for olderchldren ard aduts (> 7 yeass old) is 0.4 pg/day
Assuning the rormal lifesparto be 70 years, the aerage lmdy weight of the chld (1-7 yeas)

to be 15 kg anl the aerage lmdy weight of older chldren ard aduts to be 70 kg,the
weighted awerage chonic daly intake (CDI) canbe cakulated as 6llows.

CDI = intakechld) x 7 v + intake(adult) X 63 v
15 kg x70 yr 70 kg x70 yr

1.6 pg/day x 7 yr + 04 pg/dayx 63 y
15 kg x70 yr 70 kg x70 yr

0.016 o/ kg/day
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Appendix D

Numerical Adjustments for Absorption and Bioavailability

It is now a canmon pracice or adusiments to be made n exposure assessaeris to cakulated
intakes b accaunt for differential alsarption efficiercy under differing canditions or for differences n
the fraction of contamnart which is bioavailable in the netrix of exposure. Suchnumerical
modifications may be necessarin characterizing risk assoiated wih a gven site to ersure that
intakes o doses ag desabed in the sane units as ke toxicity values €.g. RfDs, RsDs)aganst which
the catulated intakes ae canfronted. Numerical modificatons may also be necessarto accaunt for
different media of exposure (e.g food, water, soil). This gopendix provides some smple rules and
exanples d how suchnumerical adustment should normally be made.

Basic Principles

° for risk craracterizaion purmposes,exposure ard toxicity values sbuld both be expressed
either as aBarbed dses (Iptakes)or as adrmistered dases (ntakes)

° adjustments for bioavailahilit y in various media should only be made where differences dueto
variation in media netrices ae nmeanngfully greaer thanother recepor influerces o the
uptake (e.g individud variation in nutritional status).

° do not convert exposure estmates o alsarbed dese T toxicity values ae kesed m
administered dose.

° conversions for bioavailabilit y should only be undertaken on the basis of srong observational
data from human and/or animal studies, and not on modd prediction or assumgtion.
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Example 1  Conversion of an esimated intake to an ab®rbed do®
Accading to the e)posure assessart, the catulated intake d chemcal from directsal
ingestion by an individud is 60 ng/kg/day

The oral RfD or RsD is based onan ab®rbed dose or uptake,not admnistered dose or
intake.

The human absorption factor from soil is known to be 15%
The cawerted exosure, expressed as aalsarbed dse (ptake)is:
60 n«g/kg/dayx 0.15 = 9ug/kg/day

This canbe compared drecty with the RD (based o alsarbed dse)for this chenical

Example 2 Conversion of an admnistered do® RfD to an ab®rbed do® RfD
An alsarbed dse (ptake) has beencakulated from the eXposure assessent.

The oral RfD of this paticular chemical is 5.0 mgkg/day. This value is unadjusted for
alsorption.

Other dat indicate a sugges a 15 %alsorption efficiercy from the Gl tractinthe speces
upon which the RfD is originally derived.

The adysted RD, which would be compared b the estmated alsarbed dse o uptake,
would be:

5.0 ng/kg/dayx 0.15 = 075 ny/kg/day
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Example 3 Conversion of Slope Factors

Similarly, dope factors for carcinogens must be corrected where exposure estimates have been
adusted pr alsorption.

For exanple, aninhalation slope facior, uradusied br atsorption is 5.8 (ug/kg/day™.

Experimental data or assumtions indicate a 50 %alsorption efficiercy from the lung in the
speces fom which the sbpe facior is deiived.

The adysted sbpe factor which would carespand to the esimated alsarbed dcse &:
5.8 (ug/kg/day*/0.50 = 116 (ug/kg/day™

This adusted sbpe factor would be used ¢ estmate the carerrisk assoiated wih the
alsarbed dse esimated in the exposure cakulations.

Example 4 Conversions Basd on Different Media of Exposure

Often the medium of exposure in the ste assessert differs from the media o exposure
utilized n the expeliments upa which the toxicity value s based. For exanple,a RD or
other toxicity value may be based on or adjusted for exposure via drinking water, while it is
soil ingestion which is being assessed. An adjustment would have to be madeto the RfD for a
chemcal whose alsorption may be greaty reduced i presem in sal as canpared b being
presem in drinking water becausehe clenical does ot readly desab from sal in the Gl
tract Inthe alserce d reliable scentific information for making these adjstments kased m
relative absarption efficiercies, it should be assured that the relative alsarption efficiercy
betweenfood or soil ard drinking water is 1.0.

An example of this type of adjustment is as follows.

The estimated daly exposure to a contaminant in soil is 2 mgkg/day

The aal RD for this sulstance s based o drinking watr.

The absorption of this dhemical from drinking water is krown to be 80% and the
alsorption of the sulstance fom sal is denonstrated © be roughy 40% The relative
absorption in soil/drinking water is therefore 40/80 © 0.5.

The adysted sal exposure estmate comparale to the RD based o drinking war is.

2 mg/kg/day x 05 =1 mg/kg/day.
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APPENDIX E

Upper Concentr ation Li mits

The Ministry has developed a set of maximum numeric values for soils and groundwater
which will serve as celling or upperconcertration limit s for Ste specific criteria. These values were
deweloped as a @cautonary measue o minimize he gerral degadaton of sal ard non-potable
groundwater qualty in Ortario, recagnizing that once cotaninated, it may not be possble a feasble
to return these nedia to pre-contamnation levels. It is stressed hat these @ues ae alsdute maxima
which may not be exceeded ¥ criteria deweloped troughan SSRA process wihout same form of
level 2 risk managenent. They are rot to be viewed uer ary circumstarces as accegtle o
alowalde levels, ard ary numbers usedn a remediation that are ketweenthese évels ard the
accepdble citeriain the main guideinesmug be fully suppated.
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Appendix E: Uppea Concentrations Limits for Soil and Groundwater

Chemical Compound Upper Concentr ation Limit for Upper Concentr ation Limit for
Sal Non-Potable Groundwater
(ug/g) (uglL)

ACENAPHTHENE 10000 1700
ACENAPHTHYLENE 10000 2000
ACETONE 10,000 100000
ALDRIN 15 85
ANTHRACENE 10000 120
ANTIMONY 440 100000
ARSENIC 10,000* 4800
BARIUM 10000* 100000
BENZENE 2,300 100000
BENZO(a)ANTHRACENE 7,200 5
BENZO(a)PY RENE 72 19
BENZO(b)FLUORANTHENE 720 7
BENZO(g,h,i)PERYLENE 7,200 013
BENZO(k)FLUORANTHENE 720 04
BERYLLIUM 31 530
BIPHENYL, 1,1- 10000 17,000
BIS(2-CHLOROETHYL)ETHER 6.6 100000
BIS(2-CHLOROISOPROPY L)ETHER 93 100000
BIS(2-ETHYLHEXYL)PHTHALATE 10,000 650
BORON N/V 100000
BROMODICHLOROMETHANE 900 100000
BROMOFORM 7,100 100000
BROMOMETHANE 7,200 32000
CADMIUM 830 110
CARBON TETRACHLORIDE 430 100000
CHLORDANE 53 280
CHLOROANILINE, p- 4,400 1,000
CHLOROBENZENE 10000 12000

These values ar e absolute maxima which may not be exceeded without same form of level 2 risk management. Under
no circumstancesare they to be cansdered as accepable a allowable levels. The use of site-specific numeric criteria
above the appr opriate generic numbersin the main guideline TablesA - D must be fully supported by a canplete

site-specific risk assessmert.
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Chemical Compound Upper Concentr ation Limit for Upper Concentr ation Limit for
Sal Non-Potable Groundwater
(uglg) (uglL)

CHLOROFORM 5,200 100000
CHLOROPHENOL, 2- 10000 100000
CHROMIUM (TOTAL) 10,000* 20000
CHROMIUM (V1) 10,000* 1,100
CHRYSENE 720 3
COBALT 10,000* 1000
COPPER 10,000* 230
CYANIDE 3,900 520
DIBENZO(ah)ANTHRACENE 720 0.25
DIBROMOCHLOROMETHANE 670 100000
DICHLOROBENZENE, 12- (0-DCB) 5,000 100000
DICHLOROBENZENE, 13- (m-DCB) 5,000 100000
DICHLOROBENZENE, 14- (p-DCB) 2,300 100000
DICHLOROBENZIDINE, 3 3- 27 1,600
DDD 130 300
DDE 89 20
DDT 89 16
DICHLOROETHANE, 1,1- 5,000 100000
DICHLOROETHANE, 1.2- 610 100000
DICHLOROETHYLENE, 1,1- 91 100000
DICHLOROETHYLENE, CIS-1,2- 5,000 100000
DICHLOROETHYLENE, TRANS-1,2- 10000 100000
DICHLOROPHENOL, 2 4- 940 37000
DICHLOROPROPANE, 1 2- 450 100000
DICHLOROPROPENE, 1 3- 170 24000
DIELDRIN 15 18
DIETHYL PHTHALATE 10000 300
DIMETHYL PHTHALATE 10000 300
DIMETHYLPHENOL, 2 4- 10000 100000
DINITROPHENOL, 24- 940 15000

These values ar e absolute maxima which may not be exceeded without same form of level 2 risk management. Under
no circumgtancesare theyto be cansdered as accefiable a allowable levels. The use of site-specific numeric criteria
above the appr opriate generic numbersin the main guideline TablesA - D must be fully supported by a canplete

site-specific risk assessmert.
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Chemical Compound

Upper Concentr ation Limit for

Upper Concentr ation Limit for
Non-Potable Groundwater

DINITROTOLUENE, 2 4- 66 23000
DIOXIN/FURAN (ng TEQ/g wil) 10 000015
ENDOSULFAN 56 56
ENDRIN 150 0.2
ETHYLBENZENE 10000 100000
ETHYLENE DIBROMIDE 0.2 100000
FLUORANTHENE 10000 130
FLUORENE 10000 2,900
HEPTACHLOR 68 04
HEPTACHLOR EPOXIDE 3.3 180
HEXACHLOROBENZENE 28 370
HEXACHLOROBUTADIENE 390 930
HEXACHLOROCYCLOHEXANE, GAMMA 23 8
HEXACHLOROETHANE 470 54000
INDENO(1,2,3<cd)PY RENE 720 027
LEAD 10000 320
MERCURY 570 12
METHOXYCHLOR 3,000 3
METHYL ETHYL KETONE 10000 100000
METHYL ISOBUTYL KETONE 10000 100000
METHYL MERCURY 180 12
METHYL TERT BUTYL ETHER 5,000 100000
METHYLENE CHLORIDE 7,400 100000
METHYLNAPHTHALENE, 2- 10000 13000
MOLYBDENUM 10000* 73000
NAPHTHALENE 10000 62000
NICKEL 7,100 16000
PENTACHLOROPHENOL 430 24000
PETROLEUM HYDROCARBONS (gasdiesd) 10000 100000
PETROLEUM HYDROCARBONS (heavy oils) 10000 100000

These values ar e absolute maxima which may not be exceeded without same form of level 2 risk management. Under
no circumgtancesare theyto be cansdered as accefiable a allowable levels. The use of site-specific numeric criteria
above the appr opriate generic numbersin the main guideline TablesA - D must be fully supported by a canplete

site-specific risk assessmert.
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Chemical Compound Upper Concentr ation Limit for Upper Concentr ation Limit for
Sal Non-Potable Groundwater
(uglg) (uglL)
PHENANTHRENE 7,200 630
PHENOL 10000 100000
POLY CHLORINATED BIPHENYLS 250 15
PYRENE 10,000 04
SELENIUM 10,000 500
SILVER 2400 12
STYRENE 1,000 100000
TETRACHLOROETHANE, 1,1,1,2- 180 100000
TETRACHLOROETHANE, 1,1,2 2- 24 100000
TETRACHLOROETHYLENE 10000 84000
THALLIUM 1,500 4,000
TOLUENE 10000 100000
TRICHLOROBENZENE 1,2,4- 6200 6,200
TRICHLOROETHANE, 1,1,1- 5,000 100000
TRICHLOROETHANE, 1,1,2- 120 100000
TRICHLOROETHYLENE 1,400 100000
TRICHLORORHENOL, 2,4,5- 10,000 6,300
TRICHLORORHENOL 24,6- 2,200 100000
VANADIUM 10,000* 2,000
VINYL CHLORIDE 19 550
XYLENES 10000 100000
ZINC 10000 11000
ELECTRICAL CONDUCTIVITY (mScm) N/V N/V
NITRATE N/V NNV
NITRITE N/V NNV
SODIUM ADSORPTION RATIO (SAR) N/V NV
N/V = No Value.

* = there is no human hedth based il contct number. therefore, numberdefults to celing vdue.

These values ar e absolute maxima which may not be exceeded without same form of level 2 risk management. Under
no circumgtancesare theyto be cansdered as accefiable a allowable levels. The use of site-specific numeric criteria
above the appr opriate generic numbersin the main guideline TablesA - D must be fully supported by a canplete

site-specific risk assessmert.
48



APPENDIX F

Checklist for Reviewers

These values ar e absolute maxima which may not be exceeded without same form of level 2 risk management. Under
no circumgtancesare theyto be cansdered as accefiable a allowable levels. The use of site-specific numeric criteria

above the appr opriate generic numbersin the main guideline TablesA - D must be fully supported by a canplete
site-specific risk assessmert.



Appendix F

ChecKist for Reviewers

This appenlix provides guilarce for reviewing a sie-specfic risk assessemt report. The
following is a checkist of many essetial feaures that stould be adequadly addessedn ary good
risk assessemt. The cleckist touches on issueshiat are diten problematic. Howewer, thisis not a
complete listing of dl potential concerns and some of the criteria may not be necessary for dl site-
spediic risk assessemt reports. This checkist is intended anly as a ool to assst in the gereral
review piocess ad isnot a replacenert for sound judgnert on the pat of the reviewer.

A. Human Health Risk Assessmein

This checkist is a nodification of the USEPA's reviewercheckist as desabed in the
document "Risk Assessmrt Guidarce or Supefund, Volume I: Human Heath Evaluaton Marual
(Part A)" (US BPA, 1989)

10 General

° Were the ste-specftic objective(s) of the risk assessent stated?

° Was the sc@e d the assessemt desciibed (e.g. in terms o the canplexity of the assessent
ard rationale, data needsard overview d the sudy desgn)?

2.0 Hazard Identification/Problem Formulation

21  Site Characteristics

° Was anadequat history of site actvities povided,including a clionology of land use €.9.
speciying agrculture, industy, recreaion, wase depaition, ard residertial development at
the ste)?

° Was a gerral map of the ste depcting boundares anl suface bpograpty included,which
illu strates site features, such as fences, ponds sructures, as well as geographical relationships
betweenspedic paential recepors ard the ste?

° Were the curent ard future land use dertified anl adequadly descibed?

° Was a quatative overview d the reture of contamnation included €.9. spediying in a

gereral manner the pdentia or suspead sarces d contamnarts, types ad cancertration of
contaninarts detected atthe ste, media pdentially contaninated as welas paoential exposure
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pathways ard recepors)?
Were key site characteristics daunmented?

- soil/ sediment paameters (e.g. paticle size, pH, redox patential, soil type, organic
catbon ard clay contert, bulk dersity, porosity)

- hydrogedogical paiameters (e.g. hydrauic gradient, pH/Eh, hydrauic conductvity,
location, saturated thickness, direction, and rate of flow of agquifers, relative location
of bedrock layer)

- hydrological patameters (e.g. hardness,pH, dissdved okygen temperature, tota
suspeded sdids, flow rates, ard dephs of rivers or streans; esuaty as wel as &ke
parameters suchas aea,volume, deph)

- meteorological paameters (e.g. direction of prevailing wind, average wind speed,
temperature, humidity, amual average ad 24 four maximum rainfall)

Data Collection

Was there a satenent spediying both the qualtative ard quanitative reture of the sampling
datg, interms d relative qualty ard adequacyor use br the intended dojecives d the sudy?

Were dl appropriate media ssmpled?
- was here adequatjusificaion for ary omissons?
Were dl key areas sampled, based on al available information?

Did sampling include meadia dong patential routes of migration (e.g. between the contaminant
source aml paential future exposure paints)?

Were sanpling locatons consistent with nature of contanination (e.g. at the appopriate
deph)?

Were sanpling maps povided,indicating the locaton, type,ard numerical code d each
sample?

Were sanpling eforts cansistent with field sceenng ard visualobsewations in locating "hot
Spots"?

Did sampling include appropriate QA/QC measures (e.g. replicates, travelling blanks,
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travelling spiked blanks)?

If backgiound sanples wee cdlecied, were they cdlected fom appopriate aeas €.9. areas
proximate to the ste, free d patential contamnation by site chenicak a arthropogeric
sources, and smilar to the Ste in topography, geology, meteorology, and other physica
characteristics) using methodologies cansistent with the deelopmen of Orntario OTRs?

Data Evaluation
Were appopriate aralytical methods, i.e. in accadarce wih the MOEE docunent "Guidarce

on Sampling ard Analytical Methods for Use atContanminated Stes in Ontario” (MOEE,
1996a) enployed for cadlection of data upan which risk egimates are based?

Where monitoring daa for gpecific chemicals indicated "< deection limit", were the method
detection limits for these chemicals accepéble o the Ministry as deihed in the dacunment
"Guidarce a1 Sampling ard Analytical Methods for Use atContamnated Stes in Ortario”
(MOEE, 1996ay

Were any sSte-related chemicals eiminated without gppropriate justific ation?
- as nfrequenly detected clenicak

- as conmon laboratory contamnarts eventhough sanple concertrations were
significartly higher thanthat found in blarks?

- as pesen ata "ubquitous kevel"?

Were inappiopriate "proxy concertrations' assgned © site-related cremcak?

- was avalue of zero or half the method detection limit (MDL) assigned?

- was arerroneous sarple-specfic quaritation enployed?

Were urcertainties, limitations and ggosin the qudity of collection or analysis adequaely
addessed?

Contaminants Sekcted for detailed analysis

If screenng is involved © reduce he rumber of chemicak for detiled risk assessent, were

critena for chemical sekecion provided? Were the ciiteria consistent with the gereral
guidarce povided n Apperdix A, appopriate for the ste ard for the spedic problem at
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hand?

Were the clenical sekction criteria appopriately appled to the list of contanminarts found on
site ard was he appicaion wel documented?

Was the exclusion of any chemmcal from detalled aralysis unjusified? Should ary
contanminarts excluded as aasuk of the clemcal sekcton process kb consdered bor
evaluaton?

Was anaralysis of the pdential adwerse efects an the luman recepors for chemmcalk
provided? Was the aralysis appopriate?

Toxicity Assessment

Were appopriate toxicity values emloyed kased a the rature of exposure?

were sulzhronic vs. chronic RIDs appled carecty based a the duation of exposure?

- did the toxicity values uilized carespand with the carectisomer/specation of the
chemcalidentified o site?

- did the toxicity values uilized carespand with the route o exposure of interest?
Were appopriate "route-to-route” exrapdations performed in cases wére a bxicity
value was apjxd acoss difering routes d exposure?

- were the toxicity values used apppriate for the recepor of interest?

- were dl sensitive subpopulations, such as pregnant or nursing women patentially
requiring developmental RfDs, considered n the seécion of the toxicity values used?

If a oxicity value has beenadgted from other reputalde regulatory agermies,was he lesis
for the toxicity value povided? Was anexplamtion provided br the sebction of the closen
toxicty value as copared © other exsting values,in terms o the quaity of the toxicity
assessert from which these @ues wee deiived, dat sekction, methodologies, assurptions
ard how cumrent the assessem was? Was the cloice appopriate? Were the values used
coonsistert with the values catained within the dacunmentation of the ageny from which the
toxicity value was adpted?

In the case binsufficiert toxicity assessert, was he caclusion appopriately based m
appopriate gudarce?

Were the saurces ad the impactof uncertainty adequatly characterized?
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4.0 Exposure Assessmen

° If deerministic apppachis used m the caxduct of the e)posure assessert, were awerage as
well as "leasmalde maximum exposures” (i.e. the ighestexposures that are reasmaly
expeced b occun consdered? Were the pant estmates o contamnart concertration
suppated ly the nonitoring dag?

° If a probabilistic approach is used in the condud of the exposure assessment, were any
significart distributions suppated ty appiopriate nonitoring/survey da? Were the daa
gualtatively ard quanitatively adequag for deribing a dstribution?

° Were curent ard future land uses cosidered?

° Was residertial land use casidered as ptential future land use wlenno decsion has keen
made regarding the use bthe ste ?if not, was a alid rationale provided?

° Were both on-site artl off-site recepbors (i.e. including occasonal recepbrs) considered?

° Were dl potential sensitive subpopulations considered (e.g. elderly people, pregnant or
nursing women, infants and children, and people with chronic illnesses)?

° Were al significart contamnart saurces cosidered?
° Were al patential contamnart release rachansms considered, suchas wlatilization, fugitive

dustemssbn, sufface unoff, leachng to ground water, tracking by humans/animals, ard sal
gasgereration?

° Were al patential contamnart tramnspat pahways considered, suchas diectarr trarspat
downwind, diffusion in suface wagr, suiface wagr flow, ground-water flow, ard sal gas
migration?

° Were al relevant crossimedia trarsfer effects cansidered, suchas vlatilizaton to arr, wet

depasttion, dry depasition, ground-water discherge b surface?
° Were al media pdentially asseiated wih exposure considered?

° Were al relevant site-specfic characteristics caonsidered, including topographcal
hydrogedogical hydrological ard meteorological patameters?

° Were al possble exposure pahways, directard indirect considered?

- was a wlid rationale dfered for exclusion of ary potential pathways from quanitative
evaluaton?
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Were al "spatal relationshps” adequady considered as dcfors that could afectthe level of
exposure (e.g. hot spds in anarea hat is frequened ty children, exposure to ground water
from two aqufers that are rot hydrauicaly connected anl that differ in the type aml exent of
contamnation)?

Were appopriate values usedn exposure cakulations (e.g. agespeciic body weights,
appopriate exposure frequery ard duration values}

If exposure modek are usedn exposure cakulation, were al mgjor model characteristics aml
assumtions provided? Were they appopriate? Was the nodel appiopriate for use?

Were gereral equatons ard sanple cakulations piovided? Were the catulations caxducted
without error?

Has lackgiound exposure (i.e. other thanthat originating from the catanminated ste) been
incorporated n the total exposure or putin context with site spediic exposure?

In the caduct of a sceenng risk assesert, was he phusble maximal on-site exposure
cakulated for the nost sersitive recepbr using a smple maximal exposure scemrio? Was the
maximum detected cacertration of a cottamnart or sumof maximum concertration of a
related class & chemmcak usedn the catulation?

Was uncettainty adequatd addessed?

Risk Characterization

Were exposure estmates artl toxicity values cosistently expressed as ter intakes @
uptakes br eachchemical caried troughrisk characternzaion?

Were al site-related chemicak that were aralyzed n the exposure assessert considered n
characterizaion?

- were inconsistencies explained?
Were risks appopriately summed only acioss eyosure pahways that affect the sane
individualor population sulgroup, ard that resulk in the sane adwerse efects ard mediated by

the sane mechansm of acion?

Whenremediation acion plars wee evaluated for their effectiveress m reducng human heath
risk, were risk catulations presemed for eachmodificaion to the e)posure scerarno?

Was the desdiption ard interpretation of the risk, unambiguous, appiopriate, objective aml
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well suppated?
° Were saurces ¢ uncertainty adequadly characterized?
6.0 Overall Document

° Was the dacunentation of the sk assessemt report adequat in addessng the
human heath risk arsing from the catamnated sie?

° Were al asunptions made eylicit? Were the asumptions appopriate ard suppated wih

suitable data?
° Did the canductof the sk asessmert follow sound scientific principles?
° Was the assessment scientific ally defensible and of sufficient qudity?
° If the maximum exposure exceededlte exposure limit in a screening risk assessment, was it

followed up wih a canprehensive risk assessemt?

B. Ecdogical Risk Assessmen

Since the basic principles of ERA are amilar to those of Human Health Risk Assessment
(HHRA), ard sihce he quaity of both are depedert upan the quailty of information provided n the
site assessarts, most of the clreckist for HHRA provided n the previous seabn of this Apperdix is
applcable to ERA. Speciicaly, al of the itens listed in Sectons 1, 2,4, 5, ard 6 canbe appled to
reviews d ERAs. In ERA, the CCMEprotocols that are usedn this docurrent refer to Hazad
Assessmarn rather than Toxicity Assessrart, as h HHRASs, but the main principles kehind the itens
listed in Section 3 of the HHRA checkist are appicalle to the reviews d ERAS, where the speas d
concern ae non-human.

The reviewerof anERA has a mimber of itens that are addiional to the alove listings ©
consider. The man points are listed as follows:

1.0 Recepor Characterization

° Is the level of organization (individud, population, community, ecosystem) of importance
propetly idertified?

° Are the valued ecsystemcomponerts (VECs) chosenas e focus br the BRA appopriate,

ard have VECs fom al relevant groups {.e. terrestrial mammals, plarts, aquaic specs,
birds, etc) beenconsdered?
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Hawe recepors that may not be presem, but should be presen (i.e. they may have been
eliminated by the contaminants of concern) been considered?

Hawe the stuctural attributes d the VECs (population, dersity, age,status (.e. rare) been
propelly characterized?

Have the functional attributes of the VECs (food type, ingestion rates, activity,
bioaccunulation) beenpropetly characterized?

2.0 Hazard Assessmehn

Isthe list of target chenicak appopriate ard wel founded,considering the atributes d the
VECS?

Are toxicity values deived or chosenfrom the literature appopriate ard relevant to the
VECS?

Are the assessemt erdpants chosenappopriate?

Are the measuenen erdpants chosenappopriate ard dothey adequadly reflectthe
assessert erdpants?

Has he pdential for synergistic efects d mixtures d chemcak keenappopriately
consdered?

Where hoassayg have beenused,are the spea@s closensuficiertly sersitive, do they
appopriately reflectthe semsitive spe@s tat may occuron the ste, ard is the kettery of tests
suficiertly broad?

Are the methods useddr bioassay appopriate ard deensible?

3.0 Exposure Assessmen

ERAS.

The items listed in Section A 4.0 of this gppendix are dl relevant to Exposure Assessment for

4.0 Risk Characterization

The itens listed in Section A 5.0 of this appewix are al relevant to Risk Characterizaion for
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ERAs. In addition:

° does he assessemt cleaty idertify the pdentia risk for al relevant VECs?

° are the nethods d characterizing the risk appopriate?

5.0 Generl

° Has he assessemt given full justfication of al the decsions to not proceed o the rext level
of ERA for eachof the eknerts of risk assessents (i.e. recepbr characterizaton etc)?

° Has he urcettainty in eachelenen of the ERA beenpropelly assessedrd is the overall
uncettainty aralysis suficiert for al VECs?

° Are caclusions fully justfied in relation to risk characterization ard the degee d

uncertainty?
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