Metodik for
miljoriskbeddmningar

Celia Jones, Kemakta Konsult
Ann-Sofie Allard, IVL
Michael Gilek, Sodertdrns Hogskola
Jonas Gunnarsson, Stockholm University
Tryggve Persson, SLU
Michiel Rutgers, RIVM

kA ‘
Kemakta Konsult AB Varmote Renare Mark - 24 mars 2009 - s‘\N IE“"\“;
Hallbar riskbed6mning

Metodik for miljériskbedémning

* Forbattrade miljoriskbedomningar (2006)

 Tillampning av metodik for
miljoriskbedomning pa
utvalda férorenade omraden
(2009)

* Metodik for
miljoriskbeddomning (2009)
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Aim of project

* Develop and apply a method for assessment of risks
to the environment from contaminated areas.

* Include all stages in the risk assessment process
* Simple and detailed risk assessment
* Allow site specific risk assessment

¢ Deal with the uncertainties in a risk assessment
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Potential Receptors and Exposure Pathways
of Contaminated Soil

Direct Surface water
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Ecosystems are not
more complex than we
think

They are more
complex than we
can think*

Picture from Michiel Rutgers, RIVM, NL
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Problem
. formulation
Tiered approach A >
Remediation No action
* Screening with scsning
guideline values A
Remediation N?c;ion
* Higher tiers: Emseant
— Increasingly site specific A
©
- More deta“ Remediation No action
— Decreasing uncertainty Complate
A e
Remediation No action
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What is the
problem?

Can some parts
07’ the problew be
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the problem ¢
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How big is
the problem ¢
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Three lines of investigation
TRIAD (Liberation)

1. Chemistry (soil, groundwater)
e Concentration
e Mobility
e Bioavailability

2. Ecotoxicology
e Toxicity tests “sk
e Biouptake

3. Ecology (D1 ecology

e  Functions
e  Microbial and

Integrated evauation
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Problemidentifikation
~ Fororeningar

- Ekologi

- Skyddsobjekt

Projektstart

Inga étgarder

Niva 1

Inga atgarder Atgarder

Niva 2
Atgérder

Niva 3
Inga dtgarder
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Test "matrix”

Gallringstester (tex Microtox, PAM)

Ekologi

niva 1 Jamférelse av féroreningshalter s - Féltbesdk - flora undersdkning
q P pa jord ochgrundvatten
Gallring |med riktvarden
Laktester (dven sekventiella Grobarhet, vaxter Kol och kvéaveomrsattning
niva 2 lakning). Véxter, rot- och skott tillvaxt
Biotillgénglighetstester eller Basrespriation
modeller. Akuta tester, evertebrater
Evertebrater, tillvéxt och
reproduktion Underséknignar av markdjur
niva 3 Bioupptagstester eller modeller

Akvatiska organismer (tester pa
grundvatten) alg, evertebrater (tex
Daphnia, Nitochra)

Undersdkningar av mikrobiella
samhaéllen (tex CLPP)
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Chemistry - Stage 1

Evaluation of data from chemical analyses

As Pb Ba Cd Co Cr Cu Sb  Zn Mo
Fitrer _yg! YR g gl ygl gl 1 1l
[ 779 [ 0331 [ 226 To189 [ 124 Toses] 2 339 T 80T 1
| 298 | 220 1003031 0148 | 0342 ] 097 | 170 [ 281 ]

{ 00335] 30 J00036] 00439l 0536 127 | so7 [ 3461
| 0218 | 0205 | 354 | 008551 00808 | 0238 1 331 1 0.667 [ 739
X 3 0.077
| 021 1 0576 | 171 [00081] 003¢ [ 0068 ] 225 | 0.032 | 20.1 |
IEJ | 0978 | 236 100155] 0.0924 | 0871 | 146 | 741 | 948 |
| 504 |7oe4 | ovi2 [ o027 [ 0338 | 165 | 143 | 977

Bedomningsgrunder i g1 A Pb_ Ba Cd  Co G Cu  Sh 0 Mo N

Mycketlag1 T 04 02 <001 03 05 5 <07
it 2 045 021 50101 035 053 520 0715

Mattigr 3 515 13 0103 515 39 2060 1545

Hil 4575315 0315 575545 50300 5205
MPC(RIVM 711701020]
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Guideline values

| o %l% - &

NOEC \ l 1
LOEC
A Statistical model
Tolerable risk | Z| :
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PAF/Guideline values

* Use of SSDs to calculate potentially affected fraction
of species
* Use of guideline/benchmark values (based on SSDs)

0.8
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0.4

|

0 . .
1 10MC% 400 1000

B Concentration in soil (mg/kg)
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PAF (potentially affected fraction)




Framtagning och
tillampning av

Metoden: Férdelning/Sikerhetsfaktor?

SF.metod

. . e e
riktvarden o row
«Level of protection ’ ey
High -+ Low-effekt
*Method (SSD or Safety factor) i H z ] ( _
» Which parameters (NOEC,ECx)? e | | it e

*Underlying data — extent, quality

(Lbgsta NOEC, Annat.
Viktning inom rter, grupper, familjed

*Underlying data, relevance
*Safety factor?

*Microbial processes

SF.storlek = Tar S£. hansyn
till osskerhetemna?

i kvardet tlrickligt. lagom
eller alitfr forsiktigr?

Percentiten pi fordelningen -
Kimpli for Sndamalet?

*Bioaccumulation

Rakna fram lsmplig
‘punke p3 fordelningen

Riktvirdet anvands.

Ange rimligt intervall
for riktvirder
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Combined effect of several contaminants

* Scaling of measured contaminant concentration (TP, between 0 och 1)
based on guideline values. Can be adjusted for background
concentrations. (PAF can be used directly).

* Combined risk = 1- ((1-TP,)*(1-TP,)........... (1-TP,))

Kombinerad risk - Krylbo, TP-varden map jordhatter och olika jamférvarde

[=—TP (kM — TP (5'MKM) — Combo-PAF]

Kombinerad risk
o
>
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Chemistry stage 2/3

Mobility of contaminants; leaching tests, porewater
Evaluation:

e Leachable fraction (in mg/kg) and soil guideline values.
Normal mobility in database for guideline values?

* Pore-water concentration and guideline values for water
* Kd-values

Kombinerad risk (Response Addition), Krylbo
TP-varden map utlakad andel och riktvardet KM,
PAF-varden map utlakad andel och RIVM-data fér jord

| 0)-PAH(MeOH) 0)-PAH(H20) 0)-PAH(MeOH)-RVM

1.000

0.100

0.010

Kombinerad risk

0.001

0.000

E44
E58
F64

G69
K6
L60
L68
Ms0
N43
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Chemistry, Stage 2. Bioavailability tests

Gut Fluid Extractions

1. Worm collection & dissection

2. Incubation and centrifugation




Ecotox tests

¢ Test combined effect of all contaminants

* "Test battery” (cover range of functions,
trophic levels, taxonomic groups, behaviour)

* Tests on whole soil —relevant bioavailability
* Invivo

* Invitro in some cases (evaluation problem)
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Ecotoxicity — Stage 1

Screening tests: tex Microtox, Rotas
Tests on soil extract, groundwater, eluate from leaching tests
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Ecotoxicity Stage 2/3
Worm reproduction

200 3 B
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Ekotox Steg 2/3
Vaxttester

PAH total klover % grodda

09
y = 0,0002x + 0,1064

08 2
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04 — Linear (Series3
03

02
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Battery of tests needed

korrelationkoefficient (n=20)
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Biouptake

. . Upptagsfaktor, As
* Measured in field samples oy =
. ¥, 0160
* Measured in lab tests gom
. . gomo
* Correlation with §om
5 0040
bioavailability ool B o= o
EA g; L I H
BAF Engelskt rajgras rot krom
35 o .
3 - — 0% R0
25 _502
.l
L68 G69 biotillganglig | mark (mg/kg)
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Correlation, combined risks;
chemistry and ecotoxicititet

Malarstranden

0.8 -

0.6

0.4

¢ aska
= ¢ aska

kombinerat effekt, toxicitet
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kombinerat effekt, kemi
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Ecology, Stage 1
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ekologi
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Ecology Stage 27?
Community level physiological profiles
Microbial ecology

ekologi

PCA samples Kryllbo, Sweden, 2007
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Ecology Stage 3
Soil functions

ekologi

Basal respiration (mg CO,-C g Cd™)

0.5 o
0.4 1
031 &
0,2 .
0.1 -
0,0 - T T T
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Total PAH (mg kg™ TS)
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Ecology Stage 3 Soil fauna | s

* Individual density
* Biomass

Number of oribatid mites m-2

L. 40 000

* Composition

30000

20 000
Indicator groups, €.8. 10000
* Mites 0 ®

0 100 200 300 400

e Nematodes Zn (mg kg TS)

* Springtails
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v7
“ ekologi
v8s

. . .. V5 .
Mikrobi-detritivorer Herbivorer ovan mark

¢
o

Relativ biomassa hos olika funktionella grupper i Vasteras

Predatorer ——

¢«c

Fungivorer




Integrated assessment

Scaling of results (0-1.0) with reference to
— Control or reference sample (eg % reduction)
— Assessment criteria (e.g. nematode index)

— Confidence/weighting

Combine results within each line of investigation

Combine results from all lines of investigation

Calculation of deviation
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Triad matrix tier 1 (basic Ievele)

Triad Aspect Parameter Sample
A B Cc
. o .

Chemistry  Sum TP metals
Toxicology Microtox
Ecology nematods biomass

Integrated risk

deviation 0.82 0.27
P risk 0 -0.2 _ \ T /
risk 0.2-05 Deviation factor most important !!

B sk 05- 1




Tier 2

Sample
Triad Aspect Parameter B
Chemistry Sum TP metals 0.49
Toxicology Microtox

Ecology nematods biomass

Lettuce germ .

Lettuce growth

Bait lamina
integration

0.42

nematods Ml
integration

chemical risk:

N
©

toxicity risk:
ecology risk:
Integrated risk 0.45
deviation 0.00 0.61

TTT IS

0.09

Tier 3

Triad Aspect Parameter
Chemistry TP bioavailable

Toxicology Microtox

Bait lamina test

Worms growth

Worms survival

Worms reproduction
Lettuce germination
Lettuce growth

integration

Ecology Arthropods asex. reprod.
Arthropods fungiv. grazers
Arthropods predators
MO thymidine incorp.
MO biomass
MO nitrification
protozoans
nematods biomass
nematods Ml
integration

chemical risk:
toxicity risk:
ecology risk:

Integrated risk

deviation 0.01 \ 020/ o0.04
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