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Summary

The Norwegian Geotechnical Institute (NGI) has reviewed the existing data that are used
to derive the Norwegian soil normative values for Perfluorooctanesulfonic acid (PFOS)
and Perfluorooctanoic acid (PFOA) on behalf of the Norwegian Environment Agency
(Miljadirektorat). Soil normative values (in Norwegian normverdier) are used to assess
the unrestricted handling of soil in the case of soil contamination. For PFOS a soil
normative value was derived in 2007, while no value exists for PFOA. Significant new
knowledge and insight has been gained concerning the environmental fate and toxicity
of per- and polyfluorinated alkyl substances (PFAS) during recent years. This report
reviews the latest advances with regard to human and ecological risk assessment for
PFOS and PFOA in the terrestrial environment. This includes the recently published
proposal concerning risk to human health related to the presence of perfluorooctane
sulfonic acid and perfluorooctanoic acid in food by the European Food Safety Authority
(EFSA, 2018a). These data have been reviewed and used in the Norwegian risk
assessment framework to derive soil quality standards for human health and the
ecosystem as basis for normative values for PFOS and PFOA in soil.
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Ncil Summary continued

A critical aspect in the suggested revised soil normative values is that human health
quality standards, derived using the Norwegian risk assessment model, are strongly
dominated by the exposure route drinking water from local wells. The contribution of
this exposure route to the total modelled human exposure is > 80% for PFOS and > 90%
for PFOA. Inclusion of this exposure route, as well as secondary poisoning in the
terrestrial food web, results in soil normative values in the low pg/kg dryweight range.

The recommended normative values for PFOS and PFOA are above the current limit of
quantification (LOQ) used by commercial chemical laboratories operating in the
Norwegian market (0.1 pg/kg d.w.).

An overview of the derived quality standards for soil (QSseil) and proposed revised soil
normative values for PFOS and PFOA is presented in Table S1. The table includes a
comparison with the existing legal values.

Table S1. An overview of the quality standards for soil (QSsei in mg/kg d.w.) and proposed soil
normative values for PFOS and PFOA including a comparison with the existing normative values.

QS values (mg/kg d.w.) PFOS PFOA |Remark

Based on proposed Maximum Tolerable Daily
Intake (MTDI) values from EFSA (2018),
QSsoil, human 0.0025 0.00018* | alternative MTDI values result in:

PFOS: RIVM* (2019) = 0.0083 mg/kg

PFOA: RIVM* (2016) = 0.0026 mg/kg

Based on proposed MTDI values from EFSA
QSsoil, human 0015 0.0029 (2018), alternative MTDI values result in:

(excl. drinking water) ' ' PFOS: RIVM* (2019) = 0.051 mg/kg

PFOA: RIVM* (2016) = 0.042 mg/kg

stoil, ecotox 0.016 0.5
PFOS; AA-EQS (0.00065 pg/l) x Kp (10 I/kg)**
. *x
Qs 0.0000065** | 0011} peoA: AA-EQS (9.1 pg/l) x Ko (1.25 lkg)
stoil, sec.poisoning 0.003 0.007
Normative Value 2007 0.1 - No existing normative value for PFOA

Quality standard used for proposed normative
Proposed Normative value:

Value 2019 0.003 0.003 PFOS: Human health and Secondary poisoning
PFOA: Human health

* EFSA and National Institute for Public Health and the Environment, the Netherlands (RIVM) propose
different MTDI values; (based on Zeilmaker et al. 2018 and Zeilmaker et al. 2016);

** not used in the establishment of the normative value for reasons explained in the text.
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1 Introduction

1.1 Background

The Norwegian Environment Agency (Miljagdirektorat) first introduced a system for
assessing normative values for soil concentrations in the 1999 guideline "Veiledning om
risikovurdering av forurenset grunn™ (TA-1629/1999, English version TA-1691/1999
(Miljadirektoratet, 1999a, b)). These normative values, referred to in Norwegian as
normverdier, are essentially soil quality criteria that can be used to determine whether a
Norwegian soil is polluted. If the normative values are not exceeded, the soil is
considered to be acceptable (or without risk) for all applications.

In 2007, a revision of the 1999 normative values was carried out based on the latest
available data at that time. This included a new list of substances, such as brominated
flame retardants, perfluorooctanesulfonic acid (PFOS), chlorinated paraffins, alkyl-
phenols and phthalates (Aquateam, 2007). The derived values were later put into effect
and are legally binding in Norway (Forskrift om begrensning av forurensning,
forurensningsforskriften, chapter 2, appendix 1 (Lovdata, 2013)).

Following the introduction of the European Union's Water Framework Directive,
environmental quality standards (EQS) for water, sediment and biota were derived and
implemented (Miljgdirektoratet, 2014; 2016). This included EQS for PFOS and PFOA,
as both chemicals are listed in the Water Framework Directive. Since 2016, significant
new knowledge and insight has been gained concerning the environmental fate and
toxicity of per- and polyfluorinated alkyl substances (PFAS). This report reviews the
latest advances with regard to human and ecological risk assessment for PFOS and
PFOA in the terrestrial environment. This includes the recently published proposal
concerning risk to human health related to the presence of perfluorooctane sulfonic acid
and perfluorooctanoic acid in food by the European Food Safety Authority (EFSA,
2018a). In addition, a recent assessment carried out for the National Institute for Public
Health and the Environment in the Netherlands (RIVM) was also used. Discussions with
key persons involved in this: Arjen Wintersen, Eric Verbruggen and Els Smit, as well as
acess to the extensive data complitaion were crucial in the work presented here. These
more recent data sources have been reviewed and used in the Norwegian risk assessment
framework (Miljgdirektoratet, 19993, b) to derive normative values for PFOS and PFOA
in soil.

A short overview over the used methodology is presented in this chapter followed by

separate chapters for PFOS and PFOA. NGI report 20160648-03-R rev 1 (NGI, 2019)
describes the methodology in detail.
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1.2 Methodology

The work and decision tree for deriving the normative values used in this report is an
extension of the methodology provided previously (Miljgdirektoratet, 1999a, b;
Agquateam, 2007), and is presented in Figure 1.

stoil Q-Ssoil stater Qs..; (secondary
(human health) (ecotox) (ecotox) poisoning)
EqP '
Lowest QS
!

Compare with
analytical LOQ
}

Add background
conc. if relevant

1

Expert assessment

1

Figure 1. Flow chart for the evaluation of suitable normative values for soil based on the lowest
quality standard for human health, ecotoxicity and secondary poisoning. If no QSs.i (ecotox)
data are available QSwatr (ecotox) can be used with equilibrium partitioning (EqP).

A presented in Figure 1, the first step in deriving a normative value for soil is to derive
three types of quality standards that are protective of the soil environment. The first is
protective of human health QSsoii(human health), the second is protective of soil ecology,
and is based on soil ecotox studies QSsoii(ecotox), and the third is protective of predators
in the terrestrial foodweb QSsoii(secondary poisoning). The inclusion of QSsoil
(secondary poisoning) is unique to this report compared to previously derived normative
values (Miljgdirektoratet, 1999a, b; Aquateam, 2007), since more data have become
available. The inclusion represents are stronger focus on the ecotoxicological effects of
the contaminants.

As presented in the description of Figure 1, an alternative to a QSsoil,ecotox iS the
equilibrium partitioning method QSsoi,eqp. The QSsoileqe derivation is based on the
assumption that interspecies Predicted No Effect Concentration (PNEC) for chronic
toxicity for freshwater organisms, such as the Annual Average-Environmental Quality
Standard (AA-EQS) value in the Water Framework Directive (2013/39 EU), can be
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related to the PNEC for chronic toxicity in soil dwelling organisms via a soil-water
partition coefficient, Kp.:

QSsoil,EqP =AA — EQSfreshwater X Kp 1)

Where AA-EQStreshwater IS the Annual Average-EQS value for freshwater (e.g. from the
Water Framework Directive - Directive 2013/39 EU). Generally and historicaly in
Norway, QSsoil ecotox Values are favoured over QSsoil,eqp Values for deriving soil normative
values, as QSsoil,ecotox Values more directly apply to soil dwelling organisms. In this
report, it was considered important to derive both QSsoilecotox and QSsoit eqp. Although no
ecological effects are observed in soil, there may be situations where the soil is a
contaminant source to nearby freshwater recipients. This approach is particularly
favoured for environmentally persistent and mobile substances, and where the mode of
toxicity is similar for soil dwelling organisms and freshwater organisms.

After all QSsoii values are derived, the lowest value is compared with the current
analytical limit of quantification (LOQ) used by commercial chemical laboratories
operating in the Norwegian market. This value does not refer to limits of quantification
that can be achieved by cutting edge techniques (e.g. in universities), as most site
managers and consultants will not have access to these laboratories on a routine basis.
Following this, a typical Norwegian background concentration is identified as some
contaminants, such as heavy metals, appear in a soil as a result of natural geological
processes. This value is then added to the lowest QSsoi (or the LOQ if it is higher than
the lowest QSsoil). However in the case of PFOS and PFOA, this is not considered to be
relevant due to their anthropogenic nature.

Finally, an expert assessment is conducted to assign a normative value considering the
lowest QSsoil, LOQ, background concentrations and additional compound specific
considerations These considerations might comprise formation of transformation
products, unique vulnerabilities of exposed ecosystems or human populations in
Norway, management considerations such as practicality in relation to available
technology or cost to society, and conformity with other guideline values.

These steps are explained in detail in Miljgdirektoratet (1999a, b) and Aquateam (2007)
and are applied in this report to derive soil normative values for PFOS and PFOA. Where
relevant, specific calculations following this methodology are presented to guarantee
transparency and allow for future revision given the rapid development of knowledge
related to the environmental impact of PFAS.

Internationally there are several, relevant on-going studies expected to be published
early 2020. The outcome of these studies may result in updated or different data than
those used here to derive the normative values, in this case further refinement of the soil
normative values suggested in this report may be required.
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2 Perfluorooctanesulfonic acid (PFOS)

2.1  Compound properties

The critical properties of PFOS that determine the environmental fate, transport and risk
are presented in Table 1. For apolar organic compounds log Kow would be indicative of
sorption of the contaminant to the organic matter in the soil matrix. This sorption
increases with the organic carbon content in the soil. For PFOS, log Kow is a problematic
parameter because PFOS is dissociated (in ionic form) under normal environmental
conditions, and sorption is therefore dependant on pH. Further, the Kow does not capture
ionic interactions that can occur with soil organic carbon and minerals. These
interactions affect how strongly PFOS binds to different fractions of the soil, and thus
has an influence on the environmental fate. There is also discussion in the literature
whether the distribution coefficient (Kp) for PFOS is systematically increasing with soil
carbon content (Verbruggen et al. in prep.), and therefore how suitable Koc is to predict
sorption. Measurements of Kp and Koc for PFOS are spread over several orders of
magnitude (Zareitalabad et al., 2013), which is broader than most organic chemicals,
and it is due to the complex sorption interactions that can exist between PFOS and
different types of soil, sediment and sludge. Therefore the use of the average measured
Koc value from the literature is recommended. The Kp value is then derived from the
literature Koc using a default TOC content of 1% for Norwegian soil (Miljgdirektoratet,
19993, b). This approach is in accordance with quality standards derived for aquatic
sediments (Miljadirektoratet, 2016).

Uptake in organisms is estimated using biota concentration factors (BCF) that relate the
concentration in specified biota to the concentration in the aqueous phase (surface or
porewater). For terrestrial species, these values can be transformed to biota to soil
accumulation factors (BSAF) relating the biota concentration directly to the soil
concentration using the following formula:

Cpi Cpi C BCF
BSAF — biota — biota X water __ (2)
Csoil Cwater Csoil Kp

Further accumulation to higher trophic levels in the ecosystem is expressed with a biota
magnification factor (BMF):

BMF = biotaz (3)

Cbiota,l
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Table 1 Overview of compound properties used in environmental risk assessment of PFOS

Parameter Unit Value Definition Comments

M.W. g/mol 500.13 Molecular weight undissociated form

S mg/l 2400 Aqueous solubility Campbell et al. (2009)

Vp Pa 3.36 Vapour pressure Arp et al. (2006)

log Kow Ul 6.410 -5.0 Octancz:l(;\évf?itgirepr)]?rtition ?ﬁ;ggl\;uatlr.aéécirlr;]. -5.0atpH 8
Koc kgdw. | 1000 %rgr?mgrfirg:frf‘lé’:’:;?r Zareitalabad et al. (2013)

0 |mgow| o | SOl [y i ToC nl
anyconsan | - | B0 | Dimaronis ey g e o
BCFrisn V'ka’i’ 2796 Bioco”c‘?gt][f‘;:f“ factor | £ gossier PFOS (2011)
SAFosms | 0| oory | Boeeetatonftor |l on. et o
AP | (90| ooy | Bleemematn o | il con, otons o
BSAFsoiiworm I':g \?v\\l/vv/ 1.92 Bioc?nngzpttrzs\';:)c;?nl;actor (Verbruggen et al., in preparation.)
BMFuworm/mammal Ilig awl 6.74 %Long]nr:;ffggg kf)?fégr (Verbruggen et al., in preparation.)

* value applicable for other vegetables (Wintersen et al., 2019)
** value applicable for potatoes (Wintersen et al., 2019)
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2.2 Existing environmental quality standards

An overview of existing environmental quality standards (EQS) for PFOS in soll,

sediment and water in Norway are presented in Table 2.

Table 2. Overview existing environmental quality standards for PFOS in different environmental

compartments in Norway.

Environmental Quality Standard

Value

Reference

Normative value soil

0.1 mg/kg d.w.

Lovdata, 2013

EQS freshwater sediment (chronic)

0.0023 mg/kg d.w.

Miljagdirektoratet, 2016

EQS marine sediment (chronic)

0.00023 mg/kg d.w.

Miljadirektoratet, 2016

EQS freshwater sediment (acute)

0.36 mg/kg d.w.

Miljadirektoratet, 2016

EQS marine sediment (acute)

0.072 mg/kg d.w.

Miljgdirektoratet, 2016

Annual average EQS freshwater 6.5 x 10" g/l Miljgdirektoratet, 2016
Annual average EQS seawater 1.3 x 10* pg/l Miljgdirektoratet, 2016
Max. acceptable conc. EQS freshwater 36 g/l Miljgdirektoratet, 2016
Max. acceptable conc. EQS seawater 7.2 ugll Miljgdirektoratet, 2016
EQS biota (whole fish) 9.1 pg/kg w.w. Miljgdirektoratet, 2016

The values for the aquatic environment presented in Table 2 are related to the European
Water Framework Directive and based on human fish consumption using the MTDI
values from EFSA (2008). The EFSA (2018a) MTDI values are considerably lower and
are not reflected in the quality standards presented in Table 2.

2.3 Human health risk

2.3.1 Maximum tolerable daily intake

Human health effects are focused on liver hypertrophy as the most sensitive end point.
Maximum tolerable daily intake values (MTDI) for PFOS have changed over time as
more data have become available. The latest Health Based Guidance Values (HBGVS)
proposed by EFSA (2018a) are significantly lower than recommended in previous
studies (Table 3). These values are presently under discussion as several European
environmental authorities have divergent opinions related to how the latest EFSA values
were derived (EFSA, 2018b). Work on establishing new HBGVs is expected to continue

in 2020.
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Table 3. Overview of MTDI values for PFOS presented in various studies in chronological order.

Source MTDI PFOS
(ng/kgbw/d)
European Food Safety Authority (EFSA, 2008) 150
US Environmental Protection Agency (USEPA, 2016a) 20
Agency for Toxic Substances and Disease Registry, US (ATSDR, 2018) 20
National Institute for Public Health and the Environment, the 6.25
Netherlands (RIVM 2019, based on Zeilmaker et al. 2018) '
European Food Safety Authority (EFSA, 2018a)* 1.86*

* original reference states TWI 13 ng/kg b

Ww./week

2.3.2 Human exposure estimation

The MTDI values presented in Table 3 can be used in the Norwegian human risk
assessment framework (Miljgdirektoratet, 1999a, b) using the latest version of the model
tool (Miljgdirektoratet, 2013). Calculations were performed using both PFOS compound

properties from 2013 and the revised parameters (2019) presented in Table 1.

Table 4. Estimated soil concentrations of PFOS that would not result in exceedance of MTDI

values.
Compound Revised
Parameter Unit (Mil})grg iﬁ)'iil;?g iatet, E)Or?p?eorl:ir;g
2013) (2019)
Koc I/kg d.w. 2690 1000
Kb I/kg d.w. 26.9 10
Dimensionless Henry constant (Kaw) - 3.2x10°8 8.7x10°10
BCF fish I/kg w.w. 2796 2796
BCF leaf I/kg d.w. - 0.17*
BCF root I/kg d.w. - 0.01*
Soil quality standard human (including drinking water)
QSxsoit, human (M T DIersazo08) pa/kg d.w. 540 200
QSsoil, human (MTDIRrivamz019) pg/kg d.w. 23 8.3
QSsoil, human (M T DIersaz018a) pg/kg d.w. 6.7 25
Soil quality standard human (excluding drinking water)
QSsoil, human (MTDIersazoos) pg/kg d.w. 3600 1200
QSsoil, human (MTDIRrivmz019) pg/kg d.w. 150 51
QSsoil, human (MTDIersazo18a) pa/kg d.w. 44 15
* Recalculated to BCFpianywater (I/kg w.w.); BCF = Kp-X BSAFianusoit (kg d.w./kg w.w.)
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Calculations were performed with and without the inclusion of drinking water from a
local well as a human exposure route. Results of the model calculation indicate that soil
concentrations varying from 2.5 (EFSA, 2018a) to. 23 pug/kg d.w (RIVM, 2019) will not
result in exceedance of the respective MTDI values if drinking water exposure is
included. Without drinking water the respective values are 15 (EFSA, 2018a) and 150
pa/kg d.w (RIVM, 2019). Showing that exposure through drinking water is dominating
human exposure (Figure 2). Exposure through drinking water is responsible for more
than 80% of the estimated exposure if all exposure routes in the Norwegian human risk
assessment framework are included (Miljgdirektoratet, 1999a, b). Groundwater
concentrations that are estimated in the human risk exposure model and used as drinking
water concentrations are strongly dependent (almost proportionally) on the distribution
coefficient (Kp) that is used.

a b
1,3% 8,2%

3,5%

70,0%
83,7%
m Oral intake soil Inhalation dust Inhalation gas
Intake drinking water m Intake vegetables Consumption fish

Figure 2. Contribution of the different exposure routes to human exposure of PFOS including
exposure through drinkingwater (a) and excluding exposure through drinking water (b).

2.3.3  Drinking water limits

The human risk assessment model (Miljgdirektoratet, 1999a, b) used here assumes a
human intake of drinking water of 2 liter/day for adults (7-64 yrs, 70 kg body weight)
and 1 liter/day for children (0-6 yrs, 15 kg body weight). Resulting in a life time
integrated exposure of 1.9 liters/day. The World Health Organisation states that 20% of
the MTDI can come from drinking water when guidelines for drinking water quality are
derived (WHO, 2017). An estimate of concentrations in drinking water using the various
MTDI values (Table 3) is presented in Table 5.

P:\2019\07\20190750\Deliverables\Reports\Rapport 20190750-01-R\20190750-01-R Normative values PFOS and PFOA.docx



Document no.: 20190750-01-R
Date: 2020-01-17

Rev.no.: 0

Page: 14

NG|

Drinking water limits were calculated as follows:

_ MTDI'BWiifetime0-2 (@)

ILgw

Cdrinking water

Where:
BWiitetime, body weight life time integrated = 65 kg
ILqw, Lifetime intake drinking water = 1.9 L/day

Exposure via drinking water is now a well established concern for PFOS and many other
PFAS. These substances are found near ubiquitously in water based on their high
mobility in the aquatic environment (Kabore et al. 2018). In addition, a recent study
found clear correlations between drinking water concentrations and blood serum
concentrations in children (Gyllenhammer et al. 2019).

Table 5. Estimated PFOS concentrations in drinking water that would not result in exceedance
of 20% of the respective MTDI values.

MTDI value reference PFOS MTDI value PFOS_dr_inking water
(ng/kgbw/d) limit (ng/l)

EFSA, 2008 150 1030

USEPA, 2016a 20 137

RIVM, 2019 (based on Zeilmaker et al. 2018) 6.25 43

EFSA, 2018a 1.86* 13

* original reference states TWI 13 ng/kg b.w./week

It is relevant to compare this data to drinking water limits for PFOS recommended in
different parts of the world (Table 6).

Table 6. Published drinking water limits for PFOS.

Information source Drinking water limit (ng/l)

WHO (2017) 400

USEPA drinking water advisory (2016b) 70 (for PFOS and PFOA combined)

EU Drinking water directive proposal (2018a) 100 single PFAS, 500 for sum PFAS

Compared to these limits, the estimated drinking water limits based on the PFOS MTDI
of RIVM (2019) and USEPA (2016a) values are within the range of the EU and USEPA
drinking water limits, but the EFSA (2018a) would be relatively conservative.
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2.4  Ecological effects

Quality standards for soil biota (QSsoil, ecotox) €Xposed to PFOS were derived by Bodar
(2011) and have been revised and supplemented by Verbruggen et al. (in preparation.).
These values are used and discussed in this report. The quality standards are based on
no-observed-effect concentrations (NOEC) or effect concentration for 10% of organisms
(EC10) as a chronic endpoint according van Vlaardingen and Verbruggen (2007); and
the EU-technical guidance document (EU, 2018b). Results from tests using different
plants and soil organisms were assessed. Geometric mean values of studies that were
considered of sufficient quality were calculated. The dataset that forms the basis for the
derived QSsoil, ecotox IS presented in Table 7

Table 7. Overview of chronic toxicity data (NOEC/EC1o) for plants and soil organisms used to
derived QSecotox (S€€ Verbruggen et al. (in preparation) for a detailed evaluation).

Taxonomic group | Species Criterium (mg\//I?g;u;.w.)
Plants Allium cepa ECio 2.3
Brassica rapa chinensis ECio 72
Glycine max ECio 75
Lactuca sativa ECio 0.81
Linum usitatissimum ECio 28
Lolium perenne ECio 0.79
Medicago sativa ECuwo 18
Lycopersicum esculentem ECio 3.2
Invertebrates Eisenia fetida NOEC 3.8
Folsomia candida ECyo 90
Oppia nitens ECio 8.6
Geometric mean 9.1

This geometric mean value of 9.1 mg/kg d.w. is proposed as hazard concentration 50%
(HCs0) a concentration where a negative effect of PFOS exposure to 50% of the soil
dwelling species cannot be excluded. To derive a value that is considered protective for
the soil ecosystem the lowest value (0.79 mg/kg d.w.) is used and an assessment factor
of 50 is applied following the methodology of Van Vlaardingen and Verbruggen (2007).
This results in a value of 0.016 mg/kg d.w. that is considered protective of 95% of soil
living organisms and equivalent to HCs.

This QSsoileqp Value can be calculated using the AA-EQS value for freshwater from
Table 2 as:

QSsoileqp = AA-EQS (6.5 x 10 pg/l) x Kp (10 I/kg) = 0.0065 pg/kg (5)
This value is considerably lower than the toxicity to soil living organisms, as it is based

on the low QS value for human health from fish consumption, based on the EFSA (2008)
value of 150 ng/kgnw/d and an assessment factor of 200 (EU 2011). It is noted that the
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AA-EQS for freshwater may change in future based on either the new TWI values from
EFSA or RIVM data, and any corresponding update in the assessment factor.

2.5  Secondary poisoning

Exposure of higher organisms such as birds and mammals to PFOS comes as a result of
bioaccumulation in prey organisms and subsequent biomagnification with increasing
trophic level. This is referred to as secondary poisoning. Verbruggen (2014) has
developed a methodology to estimate biomagnification in the terrestrial ecosystem based
on the energy content of the prey consumed by higher organisms like birds and
mammals. Based on toxicity data for birds and mammals soil quality standards can be
derived by back calculation from levels in mammals to concentration in prey organisms
using BMF and subsequent concentration in soil using BSAF as follows:

Risk limityammals

(6)

Q soil, secpolsoning BMFyorm,mammal’'BSAF soitworm

The derivation of the risk limits, equivalent to HCs and HCso values for PFOS for
predators of earthworm consuming animals is explained in detail in VVerbruggen et al.
(in prep.). The dataset contains toxicity data for duck, quail, mouse, rat, rabbit, Java
monkey and rhesus monkey. Applying corrections for length of the study (subchronic
vs. chronic) and an assessment factor following Verbruggen (2014), risk limits were
derived and are presented in Table 8. The biota-soil accumulation factor (BSAF) values
are not corrected for soil properties like organic carbon content but based on a geometric
mean of observed values (Verbruggen et al. in preparation).

Table 8. Overview ecological risk limits for earth worm eating animals for PFOS (ug/kgaw)
derived from Wintersen et al. (2016).

Mammals/birds

stoil, Sec.pois.

; Sni * )

Risk limit (mg/kgbw) BMFworm, mammal BSAFsoil, worm (mg/Kg soil)
Equiv. to HCs 0.038 6.74 1.92 0.003
Equiv. to HCs 1.35 6.74 1.92 0.106

* Miljgdirektoratet (2014) and EU (2011) use a BMF of 5.0 for biomagnification from aquatic organisms
to mammals used to derive the values presented in Table 2. Following the methodology in Verbruggen
(in preparation) a BMF of 3.7 from aquatic organisms to mammals would be derived.
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2.6 Proposed soil quality standards

To derive new normative values for soil in Norway the methodology in Figure 1 was
followed using the data presented in the previous sections. The quality standards for
human, ecological risk and secondary poisoning are presented in Table 9

Table 9. Overview of quality standards for soil (QSs.it) for PFOS and proposed normative value
(ug/kgaw).

Risk (ug\/fgllj;w.) Comment

QSsoil, human 8.6 based on MTDIgrivm 2018

QSsoil, human 2.5 based on MTDlgrsazo1s

QSsoil, ecotox 16 equiv.to HCs value plants and soil organisms

QSsoil, Eqp* 0.0065* | Freshwater AA-EQS (6.5 x 10 pg/l) x Ko (10 I/kg)
QSsoil, sec. poisoning 3 equiv. to HCs value birds and mammals

Proposed Normative value 3 based on QSsoil, human @nd QSsoil, sec. poisoning

*not considered in final derivation

At present there is still uncertainty related to the MTDI value that will be adopted by
EFSA after comments received during the public hearing (EFSA, 2018b). Considering
this uncertainty, a Normative value of 3 ug/kg d.w. is proposed as it covers both the
lower human toxicity value and secondary poisoning in the ecosystem. This value is
within the current limit of quantification (LOQ) used by commercial chemical
laboratories operating in the Norwegian market (0.1 pg/kg d.w.).

Despite PFOS being persistent and mobile, the QSsoil, Eqp 1S NOt used to derive the
proposed normative value for PFOS for the following reasons:

¢ high quality QSsoilecotox data for PFOS are available;

e there is a large variability in the Kp and Koc values reported for PFOS
(Zareitalabad et al., 2013)); further, they may not describe sorption in
unsaturated soil, which appears much stronger than in saturated soil, potentially
due to enhanced sorption on pore air-water interfaces (Brusseau, 2018). This
makes the available Kp values problematic for estimating leaching behaviour for
unsaturated soils.

e the dependence of the AA-EQS for freshwater on human health TDI values and
the related assessment factor, which are currently under discussion (EFSA, 2018
a, b). Therefor run-off to near by resipients is not included in the proposed
normative values.

e EQP based limit is very conservative and below the current limit of quantification
(LOQ) used by commercial chemical laboratories operating in the Norwegian

market (0.1 pg/kg d.w.), making it problematic for implementation.
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3 Perfluorooctanoic acid (PFOA)

3.1 Compound properties

The critical properties of PFOA that determine the environmental fate, transport and risk
are presented in Table 10. For apolar organic compounds log Kow would be indicative
of sorption of the contaminant to the organic matter in the soil matrix. This sorption
increases with the organic carbon content in the soil. For PFOA, log Kow is a
problematic parameter because PFOA is dissociated (in ionic form) under normal
environmental conditions, and sorption is therefore dependant on pH. Further, the Kow
does not capture ionic interactions that can occur with soil organic carbon and minerals.
Potentially complicating matter further, is the fact that PFOA can dimerize at elevated
concentratons (Cheng et al., 2009). There is also discussion in the literature whether the
distribution coefficient (Kp) is systematically increasing with soil carbon content (Lijzen
et al. 2018) and therefore how suitable Koc is to predict sorption.

Table 10 Overview of compound properties used in human health risk assessment of PFOA

Parameter Unit Value Definition Comments
M.W. g/mol 414.07 Molecular weight undissociated form
S mg/l 9500 Aqueous solubility Campbell et al. (2009)
Vp Pa 4 Vapour pressure Kaiser et al. (2005)
log K Ul 29 Octanol-water partition | 5.3 in Neutral form, -1.8 at pH 8,
g Kow ' coefficient 2.2atpH 4 (Wangetal. 2011)
Organic carbon-water .
Koc I/kg d.w. 125 partition coefficient Zareitalabad et al. (2013)
Kb I/kg d.w. 1.25 Soil-water QI_strlbutlon assuming 1% TOC in soil
coefficient
log Kaw = -3.0 (Li et al. 2007),
Henry constant - 1.0x10°° | Henry's law coefficient | calculated -1.9 neutral form, -9.0 at
pH 8
BCE: I/kg 40 Bioconcentration factor | 1.8-8.0 for different fish species
fish W.W. : in fish (ECHA, 2013)*
_ kg d.w./ Bioconcentration factor | empirical conc. leave/conc. soil
BSAFeatio kg w.w. 0.035 in plant leaf (Lijzen et al. 2018)
, kg d.w./ Bioconcentration in | empirical conc. root/conc. soil
BSAFroosoi kg W.w.. 0.012 plant roots (Lijzen et al. 2018)
_ kg d.w./ Bioconcentration factor . .
BSAFsoiliworm kg W.W. 0.56 in earthworms (Verbruggen et al., in preparation.)
kg w.w./ Biomagnification factor . .
BMPFworm/mammal kg W.W. 7.71 in mammals and birds (Verbruggen et al., in preparation.)

* an extensive review of BCF data for fish is presented in Verbruggen et al. (2017)
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As with PFOS, measurements of Kp and Koc of PFOA are spread over several orders of
magnitude (Zareitalabad et al., 2013), which is broader than most organic chemicals,
and it is due to the complex sorption interactions that can exist between PFOA and
different types of soil, sediment and sludge. Here we derive the Kp from literature Koc
(Zareitalabad et al., 2013) using a default TOC content of 1% for Norwegian soil
(Miljadirektoratet, 19993, b).

3.2 Existing environmental quality standards

PFOA has not previously been included in the human risk assessment for the terrestrial
environment (Aquateam, 2007), but has been included in the guidelines for water,
sediment and aquatic biota (Miljadirektoratet, 2016). An overview of existing
environmental quality standards for PFOA in soil, sediment and water in Norway are
presented in Table 11.

Table 11. Overview of existing environmental quality standards for PFOA in different
environmental compartments in Norway.

Environmental Quality Standard Value Reference

Normative value soil -

EQS freshwater sediment (chronic) 0.713 mg/kg d.w. Miljgdirektoratet, 2016

EQS marine sediment (chronic) 0.071 mg/kg d.w. Miljgdirektoratet, 2016

EQS freshwater sediment (acute) -

EQS marine sediment (acute) -

Annual average EQS freshwater 9.1 g/l Miljgdirektoratet, 2016

Annual average EQS seawater 9.1 g/l Miljgdirektoratet, 2016

Max. acceptable conc. EQS freshwater -

Max. acceptable conc. EQS freshwater -

EQS biota (whole fish) 91.3 pg/kg w.w. Miljgdirektoratet, 2016

The values for the aquatic environment presented in Table 11 are related to the European
Water Framework Directive and based on human fish consumption using the MTDI
values from EFSA (2008). The EFSA (2018a) MTDI values are considerably lower and
are not reflected in the quality standards presented in Table 11.
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3.3 Human health risk

3.3.1 Maximum tolerable daily intake

Human health effects are focused on liver hypertrophy as the most sensitive end point.
MTDI values that were derived for PFOA have changed over time as more data became
available. The latest Health Based Guidance Values (HBGVS) proposed by EFSA
(2018a) are significantly lower (0.86 ng/kg b.w./d) than recommended in previous
studies (12.5-1500 ng/kg b.w./d, see Table 12). These values are presently under
discussion as several European environmental authorities have divergent opinion on
how the latest EFSA values were derived (EFSA, 2018b).

Table 12. Overview of MTDI values for PFOA presented in various studies in chronological order.

Source PFOA (ng/kg bw/d)
European Food Safety Authority (EFSA, 2008) 1500
US Environmental Protection Agency (USEPA 2016c¢) 20

National Institute for Public Health and the Environment, the

Netherlands RIVM (Zeilmaker et al. 2016) 125
Agency for Toxic Substances and Disease Registry, US (ATSDR, 2018) 20
European Food Safety Authority (EFSA, 2018a) 0.86*

* original reference states TWI 6 ng/kg b.w./week

3.3.2 Human exposure estimation

The MTDI values presented in Table 12 can be used in the Norwegian human risk
assessment framework (Miljgdirektoratet, 1999a, b) using the latest version of the model
tool (Miljgdirektoratet, 2013). Calculations were performed using the parameters
presented in Table 13.

Calculations were performed with and without the inclusion of drinking water from a
local well as a human exposure route. Results of the model calculation indicate that soil
concentrations varying from 0.17 (EFSA, 2018a) to 2.5 pg/kg d.w (RIVM, 2019) will
not result in exceedance of the respective MTDI values if drinking water exposure is
included. Without drinking water the respective values are 2.9 (EFSA, 2018a) and 42
pa/kg d.w (RIVM, 2019). Showing that exposure through drinking water is dominating
human exposure (Figure 3). Exposure through drinking water is responsible for more
than 90% of the estimated exposure if all exposure routes in the Norwegian human risk
assessment framework are included (Miljadirektoratet, 1999a, b). Groundwater
concentrations that are estimated in the human risk exposure model and used as drinking
water concentrations are strongly dependent (almost proportionally) on the distribution
coefficient (Kp) that is used. Variations in Henry's law constant (Kaw) have a minor
effect on human exposure if drinking water exposure is excluded.
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Compound Proposed

. properties compound

Parameter Unit (Miljadirektoratet, properties
2013) (2019)
Koc I/kg d.w. - 125
Kb I/kg d.w. - 1.25
Dimensionless Henry constant (Kaw) - - 1.0x10°
BCF fish I/kg w.w. - 4
BCF leaf I/kg d.w. - 0.044*
BCF root I/kg d.w. - 0.015*
Soil quality standard human (including drinking water)
QShuman (MTDIersazo0s) pg/kg d.w. - 303
QShuman (MTDIRrivm2016) pg/kg d.w. - 2.5
Qshuman (MTDIEFSAZOlsa) ug/kg dW - 017
Soil quality standard human (excluding drinking water)
QShuman (MTD|EF5A2008) ug/kg d.w. - 5100
QShuman (MTD|R|V|V|2016) [,lg/kg d.w. - 42
QShuman (MTDlEFSA2018a) ug/kg d.w. - 2.9
* Reca|CU|ated tO BCFplantlwater (I/kg WW), BCF = KDX BSAFplant/soil (kg dW/kg WW)
a b
13% 44% 0,3% 3,4%
94,1% 74,3%

m Oral intake soil = Inhalation dust Inhalation gas

Intake drinking water m Intake vegetables Consumption fish

Figure 3. Contribution of the different exposure routes to human exposure of PFOA including

exposure through drinkingwater (a) and excluding exposure through drinking water (b).
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3.3.3 Drinking water limits

The human risk assessment model (Miljgdirektoratet, 1999a, b) used here assumes a
human intake of drinking water of 2 liter/day for adults (7-64 yrs, 70 kg body weight)
and 1 liter/day for children (0-6 yrs, 15 kg body weight). Resulting in a life time
integrated exposure of 1.9 liters/day. The World Health Organisation states that 20% of
the MTDI can come from drinking water when guidelines for drinking water quality are
derived (WHO, 2017). An estimate of concentrations in drinking water using the various
MTDI values (Table 12) is presented in Table 14. Drinking water limits were calculated

as follows:
MTDI'BW ifetime0.2

Cdrinking water — gy (7)

Where:
BWiitetime, body weight life time integrated = 65 kg
ILqw, Lifetime intake drinking water = 1.9 L/day

Table 14. Estimated PFOA concentrations in drinking water that would not result in exceedance
of 20% of the respective MTDI values..

Information source MTDI value Drinking water limit
(ng/kgbw/d) (ng/l)

EFSA 2008 1500 10300

USEPA 2016c 20 137

RIVM 2016 (Zeilmaker et al. 2016) 12.5 85

EFSA 2018a 0.86* 5.9

* original reference states TWI 6 ng/kg b.w./week

It is relevant to compare this data to drinking water limits for PFOA recommended in
different regions (Table 15).

Table 15. Proposed drinking water limits for PFOA.

Information source Drinking water limit (ng/l)

WHO (2017) 4000

USEPA drinking water advisory (2016b) 70 (for PFOS and PFOA combined)

EU Drinking water directive proposal (2018a) | 100 ng/L single PFAS, 500 ng/L for sum PFAS

Compared to these limits, the estimated drinking water limits based on the PFOA MTDI
of RIVM 2016 (Zeilmaker et al. 2016) and USEPA (2016b) are within range of the EU
proposal, but the value based on EFSA (2018a) would be relatively conservative.
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3.4  Ecological effects

Quality standards for soil biota (QSsoil, ecotox) €Xxposed to PFOA were derived by Lijzen
et al. (2018). These values are used and discussed in this report. The quality standards
are based on no-observed-effect concentrations (NOEC) or effect concentration for 10%
of organisms (EC1o) as a chronic endpoint according to van Vlaardingen and Verbruggen
(2007); and the EU-technical guidance document (EU, 2018b). Both plant studies and
results from test with soil living organisms where compiled. Values of studies that were
considered of sufficient quality were assessed (Table 16). Only 2 studies presented
NOEC or ECyo values that could be used to derive a chronic end-point. The geometric
mean of these studies forms the basis for the derived QSsoil, ecotox (Table 16). This
geometric mean value of 50 mg/kg d.w. is proposed as HCsp, a concentration where a
negative effect of PFOA exposure to 50% of the soil living species cannot be excluded.

Table 16. Overview over toxicity data for plants and soil living organisms used to derived QSsoi,
ecotox (S€e€ Lijzen et al. 2018, for a detailed evaluation).

Taxonomic group | Species Criterium (mg\//I?g;u;w)
Soil enzyme dehydrogenase ECso 66.2
activity urease ECso 87.7
Plants . . . ECio 99.8*
Brassica chinensis ECs 163
5l
Earthworm .. . NOEC 25.0*
Eisenia fetida e 872
50
*Geometric mean for chronic end-point (NOEC or ECo) 50

To derive a value that is considered protective for the soil ecosystem the lowest value
(25 mg/kg d.w.) is used and an assessment factor of 50 is applied following the
methodology of Van Vlaardingen and Verbruggen (2007). This results in a value of 0.50
mg/kg d.w. that is considered protective of 95% of soil organisms and equivalent to HCs.

A QSsoileqp Value can be calculated using the AA-EQS value for freshwater from Table
11 as:

QSsoiteop = AA-EQS (9.1 pg/l) x Ko (1.25 I/kg) = 11.4 pg/kg 8)

This valule is considerably lower than the toxicity to soil living organisms, as it is based
on the low QS value for human health from fish consumption, based on the EFSA (2008)
value of 1500 ng/kgnw/d. It is noted that the AA-EQS for freshwater may change in future
based on either the new TDI values from EFSA or RIVM data, and any corresponding
update in the assessment factor.
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3.5  Secondary poisoning

Exposure of higher organisms such as birds and mammals to PFOS comes as a result of
bioaccumulation in prey organisms and subsequent biomagnification with increasing
trophic level. This is referred to as secondary poisoning. Verbruggen (2014) has
developed a methodology to estimate biomagnification in the terrestrial ecosystem based
on the energy content of the prey consumed by higher organisms like birds and
mammals. Based on toxicity data for birds and mammals soil quality standards can be
derived by back calculation from Ivels in mammals to concentration in prey organisms
using BMF and subsequent concentration in soil using BSAF as follows:

Risk limitymammals (9)

Q soil, sec.poisoning BMFyormmammal'BSAF soilworm

The derivation of the risk limits, equivalent to HCs and HCs values for PFOA for predators of
earthworm consuming animals is in detail explained in Lijzen et al. (2018). The dataset contains
toxicity data for mouse, rat, rabbit and monkey. Applying corrections for length of the study
(subchronic vs. chronic) and an assessment factor following Verbruggen (2014) risk limits were
derived presented in

Table 17. The BAF values are not corrected for soil properties like organic carbon
content but based on a geometric mean of observed values (Lijzen et al. 2018).

Table 17. Overview ecological risk limits for earth worm eating animals for PFOA (ug/kgaw)
derived by Lijzen et al. (2018).

Mammals/birds

QS soil, sec. pois.

Risk limit (mg/kgbw) BM Fworm, mammal BSAFsoiI, worm (mg/kg SO”)
Equiv. to HC5 0.030 7.71 0.56 0.007
Equiv. to HC50 4.9 7.71 0.56 1.137

* Miljgdirektoratet (2014) uses a BMF of 2.5 for biomagnification from aquatic organisms to mammals
to derive the values presented in Table 11.
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3.6 Proposed soil quality standards

To derive new normative values for soil in Norway the methodology in Figure 1 was
followed using the data presented in the previous sections. The quality standards for
human, ecological risk and secondary poisoning are presented in Table 18

Table 18. Overview of soil risk limits for PFOA and proposed normative value (1ug/kgaw).

Risk (ug\:;//ilgusw) Comment

QSsoil, human 2.6 based on MTDIgrivm 2016

QSxoil, human 0.18 based on MTDIgrsazo1s

QSsoil, ecotox 500 equiv. to HCs value plants and soil living organisms
QSsoil, EqP* 11 Freshwater AA-EQS (9.1 pg/l) x Kp (1.25 I/kg)
QSxoil, sec. poisoning 7 equiv. to HCs value birds and mammals

Proposed Normative value 3 based on QSsoit, human

At present there is still uncertainty related to the MTDI value that will be adopted by the
EFSA after comments received during the public hearing (EFSA, 2018b). Considering
this uncertainty, a Normative value of 3 pug/kgdw is proposed covering both the human
toxicity value and secondary poisoning in the ecosystem.

This value is within the current limit of quantification (LOQ) used by commercial
chemical laboratories operating in the Norwegian market (0.1 pg/kg d.w.). For PFOA
the QSsoilegp IS Subject to change if EFSA(2018) or RIVM (2016) is used in its
derivation.

P:\2019\07\20190750\Deliverables\Reports\Rapport 20190750-01-R\20190750-01-R Normative values PFOS and PFOA.docx



= Document no.: 20190750-01-R
f Date: 2020-01-17
1 Rev.no.: 0

Page: 26

4 References

Aguateam (2007) Oppdatering av bakgrunnsdata og forslag til nye normverdier for
forurenset grunn. Rapport nr: 06-039.

Arp HPH, Niederer C, Goss KU (2006) Predicting the partitioning behavior of various
highly fluorinated compounds. Environmental science and technology, 40(23), 7298-
7304.

ATSDR (2018) Toxicological Profile for Perfluoroalkyls Draft for Public Comment.
Agency for Toxic Substances and Disease Registry.

Bodar CWM, Lijzen JPA, Moermond CTA, Peijnenburg WJGM, Smit CE, Verbruggen
EMJ (2011) Advies risicogrenzen grond en grondwater voor PFOS. RIVM rapport 2011
601050002, RIVM, Bilthoven Nederland.

Brusseau, M. L. (2018). Assessing the potential contributions of additional retention
processes to PFAS retardation in the subsurface. Science of the Total Environment, 613,
176-185.

Campbell TY, Vecitis CD, Mader BT, Hoffmann MR (2009) Perfluorinated surfactant
chain-length effects on sonochemical kinetics. The Journal of Physical Chemistry A.
113:9834-42.

Cheng J, Psillakis E, Hoffmann MR, Colussi AJ (2009) Acid dissociation versus
molecular association of perfluoroalkyl oxoacids: environmental implications. The
Journal of Physical Chemistry A, 113(29), 8152-8156.

ECHA (2013) Member State Committee support document for identification of
pentadecafluorooctanoic acid (PFOA) as a Substance of Very High Concern because of
its CMR and PBT properties. Adopted on 14 June 2013. Helsinki, Finland: European
Chemicals Agency.

EFSA (2008) Perfluorooctane sulfonate (PFOS), perfluorooctanoic acid (PFOA) and
their salts. Scientific Opinion of the Panel on Contaminants in the Food chain. The EFSA
Journal 653, 1-131.

EFSA (2018a) Risk to human health related to the presence of perfluorooctane sulfonic
acid and perfluorooctanoic acid in food. Scientific opinion adopted 22. March 2018.
EFSA Journal 2018;16 (12):5194.

EFSA (2018b) Minutes of the expert meeting on perfluooroctane sulfonic acid and
perfluorooctanoic acid in food assessment. Article 30 of Regulation 178/2002. EFSA —
ECHA — BfR - Danish EPA — RIVM. 10 December 2018.

EU (2011) Perfluorooctane sulphonate (PFOS) EQS dossier.

EU (2018a) Proposal for a directive of the european parliament and of the council on the
quality of water intended for human consumption (recast). European commission.

P:\2019\07\20190750\Deliverables\Reports\Rapport 20190750-01-R\20190750-01-R Normative values PFOS and PFOA.docx



Document no.: 20190750-01-R
Date: 2020-01-17

Rev.no.: 0

Page: 27

EU (2018b) Technical guidance for deriving environmental quality standards. Common
Implememtation Strategy for the Water Framework Directive (200/60/EC). Guidance
Document No. 27, updated version 2018. European commission.

Gyllenhammar 1, Benskin JP, Sandblom O, Berger U, Ahrens L, Lignell S, Wiberg K,
Glynn A (2019) Perfluoroalkyl Acids (PFAAs) in Children’s Serum and Contribution
from PFAA-Contaminated Drinking Water. Environmental Science and Technology,
53, 11447-11457.

Kaboré HA, Duy SV, Munoz G, Méité L, Desrosiers M, Liu J, Sory TK, Sauvé S (2018)
Worldwide drinking water occurrence and levels of newly-identified perfluoroalkyl and
polyfluoroalkyl substances. Science of the Total Environment, 616:1089-1100.

Kaiser MA, Larsen BS, Kao CC, Buck RC (2005) Vapor pressures of perfluorooctanoic,
-nonanoic, -decanoic, -undecanoic, and -dodecanoic acids. J. Chem. Eng. Data, 50,
1841-1843

Li H, Ellis D, Mackay D (2007) Measurement of low air— water partition coefficients of
organic acids by evaporation from a water surface. Journal of Chemical & Engineering
Data, 52:1580-4.

Lijzen JPA, Wassenaar PNH, Smit CE, Posthuma CJAM, Brand E, Swartjes FA,
Verbruggen EMJ, Versteegh JFM (2018) Risicogrenzen PFOA voor grond en
grondwater. Uitwerking voor generiek en gebiedsspecifiek beleid (herziene versie).
RIVM rapport 2018-0060, RIVM, Bilthoven, Nederland.

Miljgdirektoratet (1999a) Risikovurdering av forurenset grunn. Veileder 99:01. TA
1629/99, Miljadirektoratet, Oslo. 103 p.

Miljgdirektoratet (1999b) Guidelines for the risk assessment of contaminated sites.
Report 99:06, TA-1691/1999, Miljadirektoratet, Oslo. 107 p.

Miljedirektoratet (2016) Grenseverdier for klassifisering av vann, sediment og biota. M-
608 | 2016, Miljadirektoratet, Oslo. 26 p.

NGI (2019) Oppdatering og utarbeidelse av nye normverdier for forurenset grunn -
Updating of background data and proposals for new normative values (normverdier) for
contaminated soil. NGI report 20160648-03-R dated 2017-01-02 revised 2019-11-28

RIVM (2019) Overzicht van risicogrenzen voor PFOS, PFOA en GenX ten behoeve van
een tijdelijk handelingskader voor het toepassen van grond en baggerspecie op of in de
landbodem. Memo, Rijksinstituut voor VVolksgezondheid en Milieu, 9. Maart 2019.

USEPA (2016a) Health Effects Support Document for Perfluorooctane Sulfonate
(PFOS). U.S. Environmental Protection Agency, Washington D.C. 245 p.

USEPA (2016b) Fact sheet PFOA & PFOS - Drinking Water Health Advisories. U.S.
Environmental Protection Agency, Washington D.C. 5 p.

USEPA (2016c) Health Effects Support Document for Perfluorooctanoic Acid (PFOA).
U.S. Environmental Protection Agency, Washington D.C. 322 p.

P:\2019\07\20190750\Deliverables\Reports\Rapport 20190750-01-R\20190750-01-R Normative values PFOS and PFOA.docx



Document no.: 20190750-01-R
Date: 2020-01-17
‘ 1 Rev.no.: 0

Page: 28

van Vlaardingen PLA, Verbruggen EMJ (2007) Guidance for the derivation of
environmental risk limits within the framework of ‘International and national
environmental quality standards for substances in the Netherlands' (INS). Revision
2007. RIVM report 601782001, 146 p.

Verbruggen EMJ (2014) New method for the derivation of risk limits for secondary
poisoning. RIVM Letter report 2014-0097.

Verbruggen EMJ, Wassenaar PNH, Smit CE (2017) Water quality standards for PFOA
A proposal in accordance with the methodology of the Water Framework Directive.
RIVM Letter report 2017-0044.

Verbruggen EMJ, et al. (in preparation) Risicogrenzen PFOS voor grond en grondwater
RIVM briefrapport.

Wang Z, MacLeod M, Cousins IT, Scheringer M, Hungerbuhler K (2011) Using
COSMOtherm to predict physicochemical properties of poly-and perfluorinated alkyl
substances (PFASSs). Environ. Chem. 8 (4):389-98.

Wintersen AM, Rémkens PFAM, Rietra RPJJ, Zeilmaker MJ, Bokkers BGH, Swartjes
FA (2019) Risicogrenzen voor het toepassen van PFAS-houdende grond en bagger voor
akkerbouw en veeteelt. RIVM Briefrapport 2019-0068

Zareitalabad P, Siemens J, Hamer M, Amelung W (2013). Perfluorooctanoic acid
(PFOA) and perfluorooctanesulfonic acid (PFOS) in surface waters, sediments, soils and
wastewater—A review on concentrations and distribution coefficients. Chemosphere,
91(6), 725-732.

Zeilmaker M, Fragki S, Verbruggen EMJ, Bokkers BGH, Lijzen JPA (2018) Mixture
exposure to PFAS: A Relative Potency Factor approach. RIVM report 2018-0070.
RIVM, Bilthoven, Nederland.

Zeilmaker MJ, Janssen P, Versteegh A, Van Pul A, De Vries W, Bokkers B, Wuijts S,
Oomen A, Herremans J (2016) Risicoschatting emissie PFOA voor omwonenden.
Locatie: DuPont/Chemours, Dordrecht, Nederland. RIVM rapport 2016-0049. RIVM,
Bilthoven, Nederland.

P:\2019\07\20190750\Deliverables\Reports\Rapport 20190750-01-R\20190750-01-R Normative values PFOS and PFOA.docx



2015-10-16, 043 n/e, rev.03

N(;l Kontroll- og referanseside/
Review and reference page

Dokumentinformasjon/Document information

Proposal for new Normative Values for PFOS and PFOA in contaminated soil

Dokumentnr./Document no.
20190750-01-R

Proposal for new Normative Values for
PFOS and PFOA in contaminated soil

Dato/Date
2020-01-17

Oppdragsgiver/Client
Miljgdirektoratet

according to contract
Oppdragsgiver / Client

Rettigheter til dokumentet iht kontrakt/ Proprietary rights to the document

0

Rev.nr.&dato/Rev.no.&date

Distribusjon/Distribution

available for NGl employees

BEGRENSET: Distribueres til oppdragsgiver og er tilgjengelig for NGIs ansatte / LIMITED: Distributed to client and

Emneord/Keywords

Normverdier, EQS, quality standards, soil, contaminants, PFOS, PFOA

Stedfesting/Geographical information

Land, fylke/Country Havomrade/Offshore area
Kommune/Municipality Feltnavn/Field name
Sted/Location Sted/Location

Kartblad/Map Felt, blokknr./Field, Block No.

UTM-koordinater/UTM-coordinates
Zone: East: North:

Koordinater/Coordinates
Projection, datum: East: North:

Dokumentkontroll/Document control

Kvalitetssikring i henhold til/Quality assurance according to NS-EN 1SO9001

Sidemanns- Uavhengig Tverrfaglig
Rev Egenkontroll
/ Revisjonsgrunnlag/Reason for revision av/ kontroll av/ kontroll av/ komiro.ll a.v/
Rev. Self review by: Colleague Independent Interdisciplinary
: review by: review by: review by:
2019-11-28 2020-01-17
0 Original document HPA Sarah Hale
Dokument godkjent for utsendelse/ Dato/Date Prosjektleder/Project Manager
Document approved for release .
PP f 17 January 2020 Gijs Breedveld

p:\2019\07\20190750\deliverables\reports\rapport 20190750-01-r\20190750-01-r normative values pfos and pfoa.docx




NGI (Norwegian Geotechnical Institute) is a leading international centre
for research and consulting within the geosciences. NGI develops
optimum solutions for society and offers expertise on the behaviour of
soil, rock and snow and their interaction with the natural and built
environment.

NGI works within the following sectors: Offshore energy — Building,
Construction and Transportation — Natural Hazards — Environmental
Engineering.

NGl is a private foundation with office and laboratories in Oslo, a branch
office in Trondheim and daughter companies in Houston, Texas, USA and
in Perth, Western Australia

WWww.ngi.no

NGI (Norges Geotekniske Institutt) er et internasjonalt ledende senter for
forskning og radgivning innen ingenigrrelaterte geofag. Vi tilbyr
ekspertise om jord, berg og sng og deres pavirkning pa miljget,
konstruksjoner og anlegg, og hvordan jord og berg kan benyttes som
byggegrunn og byggemateriale.

Vi arbeider i fglgende markeder: Offshore energi — Bygg, anlegg og
samferdsel — Naturfare — Miljgteknologi.

NGI er en privat naeringsdrivende stiftelse med kontor og laboratorier i
Oslo, avdelingskontor i Trondheim og datterselskaper i Houston, Texas,

USA og i Perth, Western Australia.

WWW.Ngi.no






