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Abbreviations

Abbreviation
APCD

BAT

MWI
ndl-PCB

ng
OTNOC
PAH

PFAS

Meaning

Air Pollution Control Devices

Best Available Techniques

Best Environmental Practice

Biological Equivalents

Body Mass Index

Dioxin-Like Polychlorinated Biphenyls

Dioxin Responsive Chemical-Activated LUciferase gene eXpression
Dry Weight

European Food and Safety Authority

Fluorescein IsoThioCyanate L-Thyroxine (T4)

Gas Chromatography Mass SpectrometryM=sC-

Group of fluorochemicals related to of hexafluoropropylene oxide dimer acid (HFPO-L
Indicator Polychlorinated Biphenyl

Lower Bound; results under detection limit are set to zero

Limit of Detection

Limit of Quantification

Middle Bound; values are set as half the detection limit values
Municipal Waste Incineration

Non-Dioxin-Like Polychlorinated Biphenyl (Non-Dioxin-Like PCB)

Nanogram; 18 gram

Other Than Normal Operating Conditions
Polycyclic Aromatic Hydrocarbons
Polychlorinated Biphenyl
Polychlorinated Dibenzodioxins
Polychlorinated Dibenzofurans

Per- and PolyFluoroAlkyl Substances
Picogram; 16? gram

Persistent Organic Pollutants
Relative Potency Factors

Dutch Accreditation Council
Substances of Very High Concern
Solid Waste Incineration
2,3,7,8-tetrachloordibenzp-dioxine
Tolerable Daily Intake

Toxic Equivalency Factor

Toxic Equivalents

Total Organic Fluorine

ToxicoWatch

Tolerable Weekly Intake

Upper Bound (ub), results under detection limit are set as detection limit values.
Microgram 16 gram

Waste to Energy (waste incinerator)
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Abbreviation | Dioxins, furans (PCDD/F) and dioxin-like PC| Toxic equivalency factor

Congeners TEF

Dioxins (n=7)

TCDD 2,3,7,8-Tetrachlorodibenzo-p-dioxin 1
PCDD 1,2,3,7,8-Pentachlorodibenzo-p-dioxin 1
HxCDD1 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 0,1
HxCDD2 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 0,1
HxCDD3 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 0,1
HpCDD 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 0,01
OCDD Octachlorodibenzo-p-dioxin 0,000¢
Furans (n=10)

TCDF 2,3,7,8-Tetrachlorodibenzofuran 0,1
PCDF1 1,2,3,7,8-Pentachlorodibenzofuran 0,03
PCDF2 2,3,4,7,8-Pentachlorodibenzofuran 0,3
HxCDF1 1,2,3,4,7,8-Hexachlorodibenzofuran 0,1
HxCDF2 1,2,3,6,7,8-Hexachlorodibenzofuran 0,1
HxCDF3 1,2,3,7,8,9-Hexachlorodibenzofuran 0,1
HxCDF4 2,3,4,6,7,8-Hexachlorodibenzofuran 0,1
HPCDF1 1,2,3,4,6,7,8-Heptachlorodibenzofuran 0,01
HPCDF2 1,2,3,4,7,8,9-Heptachlorodibenzofuran 0,01
OCDF Octachlorodibenzofuran 0,000¢
Polychlorinated biphenyl (n=12)

PCB77 3,3',4,4'-Tetrachlorobiphenyl (#77) 0,0001
PCB81 3,4,4' 5-Tetrachlorobiphenyl (#81) 0,000¢:
PCB126 3,3',4,4' 5-Pentachlorobiphenyl (#126) 0,1
PCB169 3,3,4,4',5,5'-Hexachlorobipheny! (#169) 0,03
PCB105 2,3,3',4,4'-Pentachlorobiphenyl (#105) 0,0000:
PCB114 2,3,4,4' 5-Pentachlorobiphenyl (#114) 0,0000¢
PCB118 2,3,4,4' 5-Pentachlorobiphenyl (#118) 0,0000:
PCB123 2,3,4,4' 5-Pentachlorobiphenyl (#123) 0,0000¢:
PCB156 2,3,3',4,4' 5-Hexachlorobiphenyl (#156) 0,0000:z
PCB157 2,3,3',4,4' 5'-Hexachlorobiphenyl (#157) 0,0000:z
PCB167 2,3,4,4'5,5'-Hexachlorobipheny! (#167) 0,0000¢
PCB189 2,3,3,4,4'5,5'-Heptachlorobiphenyl (#189) 0,0000¢:
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Introduction

dZ }u%o A£]SC }(SZ Z u] o }vS vS }( S} Cle ZWEEZ}wSv ]& QeS|
for turning modern waste into energy in (WtE) waste incinerators. Even with the applicdtitie
most developed air pollution control devices (APCD), it is stilige challenge to eliminate the
multitude of persistent organic pollutants (POPSs) in waste incineratoruesi@énd flue gases. The
dynamics of combustion processes and the inevitable emissions of toxic substdnesy digh
concern (SVHC) into the environment is the main topic of ongoing research worldwidenEken i
most remote areas of the world, such as the Arctic (marine environment), toxic chemicalsiage fo
which have been transported huge distances from industry in other parts of the wedduBe of the
transboundary behavior of persistent organic pollutants, international treaties are required to
regulate, mitigate or even eliminate toxic chemical emissions. Loopholesxssilin national and
international regulations, resulting in an underestimated registration of persistent orgafiittants.
Mandatory measurements for waste incineration relating to toxic pollutants like di@xasampled

in a very short time frame of 6-12 hours a year in optimal conditions andpneunced, all according

to the EU regulations. These regulations are based on chemical analyses of only a fevatedlori
dioxins and furans, while many other POPs remain outside the scope, such as brdmlioates and
PFAS. The limitations of the chemical GC-MS analyses could be overcbntkewdipplication of
bioassays for measuring POPs even in the flue gases of an incinerator. Contirarotsimg of
dioxins and other substances of very high concern in the chimney gives a faacearate picture of

the emission from combustion, especially when it is measured in the event of incompiatristion

as in exceptional operating conditions such as shutdown or sfart-

All over the world, there is growing public awareness and concern over the poteitigltyeffects of
persistent organic pollutants on human health and the environment. In particutaplp living near
waste incinerators need to be reassured about their health risks, (short- and long-t@oswEr to
incineration emissions), the safety of such combustion facilities, and compltiteegulations t
not only under normal conditions, but also in other than normag¢i@ting conditions (OTNOC), such
as shut-downs, start-ups, and failures.

ToxicoWatch (TW) aims to function as a bridge between people, science, and governmerit when
comes to dioxins, POPs, and waste incineration. TW performs research ors didgtkira focus on a
possible sources like waste incineration emissions by carefully selectmgiier samples in an area.

A sampling with focused matrices like distance, sample location and coll@dimgation about the
research area needs to be performed according to the theory of sampling \{it@ &ferences in the
interest of the research. The biomatrices for this study are primarily backyard cheggm pine
needles, and mosses. The chemical analyses are expanded with innovative bioassa&itmate a
broader spectrum of POPs such as dioxin-like PCBs, other (mixed) halogenated dioxinanBAH
PFAS.

This study is part of a Europe-wide biomonitoring research project on PQf3iensi in possible

relation to waste (WtE) incineration. The project is running simultaneoushofit and 2022 in three

countries: Lithuania, Spain, and the Czech Republic. ToxicoWatch Foundation, ibvatesl

Netherlands, is participating as a scientific partner together with three environmengahizations,
Ec}o}PJ]e3s Jv 3]}V "% ]JvU ,vus_ h, Jv >]3Zu v]SZ vi «Z ZvBuldpyiu]loq
coordinated by Zero Waste Europe.
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The incinerator

Figure 1 The waste incinerator
located at Valdemingémez
Technology Park.

In Spain, southwest of Madrid, the Valdemingbmez wagte-
energy incinerator (WtE) belongs to Madrid City Council;
commissioned in 1996, it currently burns an average oftQ(D0

tons of waste per day with three operating furnaces. Since 2018
Valdemingémez is incinerating more than 300,000 t / year. The
energy of this WLE incineration plant of recoverable fraction
currently comes from several sorting and recycling plants that
process municipal solid waste (MSW): the La Paloma plant, the
Las Dehesas plant, and the Las Lomas plant itself. All these plants
are located on Valdemingébmez Technology Park. The last two
plants are a new organic matter treatment and composting plant.
These plants mainly recover organic material, plastics,
aluminium, and ferrous materials. The rest is what is considered
Refuse-Derived Fuel (RDF).

The waste incinerator has three lines that can operate
simultaneously, with two fluidized bed incinerators, where RDF i
combusted. The boiler, where the heat from the combustion
gases is recovered for electricity generation, and finally a gas

cleaning system. The flue gas cleaning system consists of several phases: rerooasdeof
particles utilizing a cyclone system; semi-wet absorption, tocedcid gases (mainly HCI and
SQ) utilizing a lime slurry shower; adsorption with activated carbehereby dioxins and
furans, among other pollutants, are removed from the gas stream; the heagdf the waste
incineration installationwhere the finest particles and the previously used activated carbon
are retained; and catalytic reduction of nitrogen oxides. The chimn&y msetes high, which
makes it likely that substances of very high concern (SVHC) could befidhedvicinity. For
along time, this waste incinerator has been encountering oppositiom people who are
seriously concerned about the health risks resulting from the emissidoxaf substances
from the WLE incinerator. There are plans to close the incineratt®daldemingémez in 2025.

The main populated area near the
incinerator is the Cafada Real
| Galiana. According to data from the
. Commissioner of the Community of
Madrid for this road, 7,283 people

¥ live along the entire Cafada Real
# The inhabitants of the area often

lack basic needs like clean running
water and electricity.

Figure 2: Homes of inhabitants (7,283 people) of the Cafiada Real
Galiana, Madrid (picture Google Earth)
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Wind direction and depositions

The annual average wind
direction in Madrid is shown in
figure 3. This can be used as a
model to predict possible
depositions by the incinerator.
The dominat wind direction is

Velocidad del
Viento (m/s)

| SR

Bl o 1000 K

— Dot mainly from the South-West and
- petpo North. The use of a wind rose for
B on- modelling deposition emissions

from incineration processes is
limited. Figure 4 shows on the
left the dominant wind direction
in Harlingen, the Netherlands (NL), South-West wind from the North Sea. On Octol#015, a
major malfunction occurred at the WIE waste incineration plant, which was accompanied
prolonged emissions of black clouds that blew in the direction of the UNESCO WaddantBea o
particular day. The city and region of Harlingen (NL) escaped being hit by an esdoriz cloud of
dioxins. This example of a calamity in a waste incineration procesates the limitations of using

VWL o A E P Alv JEuR]pwr A5 36 Eu]v femissoh depositions. Dense
clouds of emission-loaded dust can and will occur during OTNOC situatiofasllikes, shutdowns,
and start-ups. TW studies have learned that in just a few hours emissioitxwfsdcan emit far more
than the annual load of a dioxin model calculated by the regulatory 12sh(®@x 6 hours/year,
preannounced) measurement during normal operating conditions. Assuming the emiggixins
is a discontinued process, calculation with average wind direction and speed is of littléangmas
large emissions can occur in a very short time frame. Figure 4c shoxis-domtaminated eggs of a
TW research around the WtE waste incinerator in Harlingen (NL).

Figure 3: Annual and 2-week wind rose for Madrid, Spain

Wind direction is an indication, but the deposition of emissions déarccompletely when OTNOC
and other parameters like coastline fumigation along seashores, or mountain ridgesabeys are
included, as they should be.

In a very short time, in hours or even minutes, extremely polluted PQR<iof loaded dust can be
emitted in whichever wind direction is dominant at that moment. This rela#/ihe use of average
dominant wind directions in calculation models for POP emissions.

| UNESCO Waddensea | ... @

\ (] «
0 mugq&x‘ - ;:l - 9. /_\M
7 q Harlingen -.' Franeker
‘ s
dioxine . e
/ B et
[Jo-o02s
= o
w = @ - n | (B

EDo1-02 & | Distance

2-03 7
10305 o | 10km |
500

- . .

Figure 4: Wind rose for Harlingen (a), dioxin cloud during calam®§15 (b), contaminated eggs, Harlingen (c)

1 studio de evaluacion de la incidencia en la salud de las emisimeesipntes del parque tecnoldgico de
Valdemingdbmez, Madrid 2019age 165
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Dioxins

Dioxins and furans are classified as highly toxic chemicals that have a serious effect on human health,
causing cancer, diabetes, neurotoxicity, immunotoxicity, and chloracne. The @amidsilioxins by
incinerators was discovered in 1977 in the Netherld@nddthough dioxins also can be formed by
volcanic eruptions, forest fires, or other natural events, the anthropogenic origiowih is a far more

than the natural source. Major sources of atmospheric dioxins (PCDD/Fs) inclutmastat
emissions, especially from various types of incinerators, includingndacy aluminum smelters,
sinter plants, small-scale municipal solid waste incinerators (MSWI), medical waste iacsera
(MWI), electric-arc furnaces, industrial waste incinerators, cement kilns, and crematoria. At the
Stockholm Convention in 2004, 184 nations agreed to do their utmost to reducentigsions of
dioxins and other unintentionally produced organic pollutants. To achievgdhkof the Convention,
Parties are required to implement the Best Available Techniques (BAT) and appBeshe
Environmental Practices (BEP)

dz § Bu Z J}AE]Jv] & ( & S} SZE PE}u%oe }( etp-didxins, (RCDBs)0C Zo} E
polychlorinated dibenzofurans (PCDFs), and dioxin-like polychlorinated biphenyls (dI-PCBsk Fig
provides a schematic view where the black balls represent carbon atoms, the rgenpxand the
orange chlorine atoms (these can be substituted by other halogenated elementdyrbkane,
fluorine and iodine to form dioxins). The possible combinations with ectdaatoms (congeners) are
75 for dioxins (PCDDs), 135 for furans (PCDFs), and 217 PCBs congeners. Ofatfiesedchl
congeners, 29 are found to be toxic and therefore regulated in EU; 7 PCOBRDES, and 12 dI-PCBs.
Only chlorinateddioxins and furans (PCDD/F) are reguldigdEUfor emissions of persistent organic
pollutants (POPs) from waste incinerators. Dioxin-like polychlorinated biphdirgisiinated and
mixed halogenated dioxins, all substances with dioxin-like properties, are (still) noateyith the
EU.

GC-MS chlorinated dioxins (PCDD/F/dI-PCB)

Halogen elements:

Dioxin Furan dioxin-like Polychlorobiphenyl
PCDD (75) PCDF (135) di-PCB (209)
n=7 n=10

Congeners of chlorinated compounds (chemical GC-MS analysis)

Dioxins, furans (PCDD/F) and dioxin-like PCBs Furans (n=10) Polychlorinated biphenyl (n=12)

Congeners | e | veor 2,3,7,8 Tetrachlorodibenzofuran 01 PCBT7 3,3',4,4'Tetrachlorobiphenyl (#77) 0,0001
Dioxins  (n=7) PCDF1 1,2,3,7,8-Pentachlorodibenzofuran 0,03  PCBB1 3,4,4",5-Tetrachlorobiphenyl (#81) 0,0003
10D 2,3,1,8-Tetrachlorodibenzo-p-dioxin 1 peoF2 2,3,4,7,8 Pentachlorodibenzofuran 03 PCB126 3,3",4,4' 5-Pentachlorobiphenyl (#128) 01
PCOD 1,2,3,7 8-Pentachlorodibenzo-p-dioxin 1 HxCDF1 1,2,3,4,7 8-Hexachlorodibenzofuran 0,1 PCB169 3,3',4,4',5,5'Hexachlorobipheny| (#169) 0,03
HXCDD1 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 01 HxCDF2 1,2,3,6,7 8-Hexachlarodibenzafuran 0,1 PCB10S 2,3,3'4,4"-Pentachlorobiphenyl (#105) 0,00003
HxCDD2 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 0,1 HxCDF3 1,2,3,7,8,9-Hexachlorodibenzofuran 01  PCBl114 2,3,4,4',5-Pentachlorcbiphenyl (#114) 0,00003
HxCDD3 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 01 HxCDF4 2,3,4,6,7 8-Hexachlorodibenzofuran 0,1 PCB118 2,3'4,4' 5-Pentachlorobiphenyl [#118) 0,00003
HpCDD 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 0,01  HPCDF1 1,2,3,4,6,7,8-Heptachlorodibenzofuran 001  pCB123 2,34.4"5-Pentachlorabiphenyl (#123) 0,00003
0coD Octachlorodibenzo-p-dioxin 00003 HPCDF2 1,2,3,4,7,8,9-Heptachlorodibenzofuran 0,01  PCB1SE 2,3,3".4,4' 5-Hexachlorobipheny! (#156) 0,00003
oDk Octachlorodibenzofuran 00003  PCRIST 2,3,3'4,4' 5 Hexachlorobipheny| (#157) 0,00003

PCB167 23 '-Hexachlorobipheny! (#167) 0,00003

PCB18Y 2,3,3'4,4'5,5Heptachlarobiphenyl (#189) 0,00003

Figure 5: Schematic overview dioxins (PCDD/F/dI-PCB © ToxicoWatch

20lie K. , Vermeulen P.L., Hutzinger O. (1977). Chemosphere No. 8, po 455 - 459, 1977.

3 Guidelines on Best Available Techniques and Provisional Guidance Bnvdestimental Practices relevant to Article 5
and Annex C of the Stockholm Convention on Persistent Organic Pollutants (2008)Ir8t6ckivention on Persistent
Organic Pollutants.

4 C. Budin et al. (2020). Chemosphere 251, 126579
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The EU sets limits of 2.5 pg TEQ/g fat for PCDD/F and of 5.0 pg TEQ/gtHat dom of dioxin
(PCDD/F/dI-PCB) for eggs. An EU action limitis set on 1.75 pg TEQ/BGDR'F and dI-PCB in eggs,
see figure 6. For bioassay DR CALUX the EU limits are 1.7 pg BEQ/g fat ()8spgrBEQ/g fat
(eggs) for the sum of dioxins (PCDD/F/dI-PCB), see figure 7.

EU regulations for dioxins (PCDD/F/dI-PCB)

Dioxin Furan
PCDD (75) PCDF (135)
n=7

dioxin-like Polychlorinated biphenyl
di-PCB (209)

n=12

g  »
@ e "~y

®

]

=
{0 o 9o o3 Cho
oy s =

)

S

;

N RR
-0 A0 o
D/ R [ - ll\ﬂ_\C‘

H

Chlorine can be

O —
substituted by an L —43_}—@_4,}— r—%;:;—@— ~ 4
other halogen L™ o —
- o Lo _ A U I NN o g
B EU regulation Eggs *@H\_{ “@JU\* W,_VLQ_{
only for PCDD/F in Action limit PCDD/F  |>1.75 pg I
emissions X EU regulation Eggs

EU regulation Eggs

GC-MS pg TEQ/g fat GC-MS pg TEQ/qg fat
Action limit di-pcB | 2 1.75 pg

Limit PCDD/F
EU regulations
only on Chlorinated EU regulation Eggs
Persistent Organic GC-MS pg TEQ/qg fat
Pollutants (POP) Limit PCDD/F/dI-PCB - 5.0 pg

Figure 6: EU regulations for dioxins (PCDD/F/dI-PCB), ©ToxicoWatch

Figure 7 displays the difference between the chemical analysis with GC-MS anadksaki DR
CALUX. GC-MS analyse specific compounds, while DR CALUX measures the total toxic effect of a
mixture of dioxin-like activity.

Chemical analysis (GC-MS) vs Bioassay (CALUX)

Halogen elements:

Dioxin dioxin-like Poly-X-biphenyl
PXDD dI-PXB
P o o =0 -0
_,m' ety .".‘ ‘m‘ﬁo 0‘.‘1 ¢ e,

GC-MS individual chemical
analyses DR CALUX, analyses of the whole group of
JJ dioxin-like activity

TW Indicative scale for Non-food
DR CALUX
>5.0  pg TCDD eq./g product
>2.0 pg TCDD eq./g product

29 specific
congeners detected

by GC-MS B -0 p! 0. - = - 1.
Chlorine can h . . i R OSRL CA ? 3 : | 0.30150 pq:zz tq-;v :::ﬁ
be substituted e ? i o = —
by an > DR CALUX Food (Eggs)
other halogen . RET unk = pg BEQ /g fat
- T '0ssible known and unknown congeners
in dioxins, Iyl 8 EU Cut-off-Value PCDD/F
upopP EU Cut-off-Value PCDD/F/dI-PCB

Figure 7: Chemical GC-MS analysis of dioxins (PCDD/F/dI-PCB) vs bioassay DR CAhdlysEs, ©ToxicoWatch
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Emissions of waste incineration

In this biomonitoring research the focus will be on persistent orgpallutants (POPS) like
PCDD/F, PXDD/F, PAH and PFAS. See red clouds in Figure 8. A centrairgiiestiesearch

is whether waste incineration is a solution for waste disposal andggngroduction, when
there is an unintentionally production and emissiorfsP®Ps,such as dioxins (PCDD/F/dI-
PCB). Figurg shows the quantities of emissions per 100,000 tonnes of waste. This figure,
made up the configuration of the WtE waste incinerator REC in HarlitigerNetherlands
with the specific configuration of Air Pollution Control Devices (ARG® specific waste
input. A big difference in volume of mega-tonnage-@Ql the relative tiny amount of the
extreme toxic of dioxins, expressed in milligrams.

Although this research is mainly focus on the emissions of substances Wwiain,is only a
small amount of the toxic substances, the main output are the inciner&sidues, like fly
and bottom ash The processing, storage and sustainable application of toxic incineration
residues is an environmental risk=or more sustainability and a healthy environment the
focus need to be on more recycling of waste materials. Important in thigegy the
production of non-toxic material in order to prevent (unknown) toxicyadinig and with that

to prevent a possible toxic greenwashed recycling waste tsunami in theefu

What are the real emissions & residues of a modern waste (WtE) incineration plant ?

Does the emissions of waste incineration comply
with EU emission standard ?

tEREC Harfingen, TW 2019

metals
600 kg

41500t

Sludges 5 880 m?

Waste input Bottom ash Other hazardous
100 000 t 30240t 6t -
water 21 000 m?
2

chemicals 2910t =

Figure 8: What are the real emissions of WtE incinerati@n?PW

5 ToxicoWatch (2020). The hidden impacts of incineration residues, Zere BVaspe
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Polychlorinated biphenyl (PCB)

Polychlorinated biphenyls (PCBs) are chemicals that were widely used étrialdorocesses from the

1930s until the late 1970s. PCBs were used extensively in many industrial applicatimatng fire-
resistant transformers and insulating condensers. The substances were used as heat exchanger fluids,
and in aluminum, copper, iron, and steel manufacturing processing. PCBs wereisald as
plasticizers, in natural and synthetic rubber products, as adhesives, insulating nsatéaaie
retardant, lubricants in the treatment of wood, clothes, paper, and asbestos, chemical stabilizers
paints, pigments, and as dispersing agents in formulations of aluminum oxide. PfeBadded in

small quantities to inks, plastics, paints, sealants, adhesives, and dye solvents folesspaper.
Although their production ended in 1979, huge amounts of PCBs are still in the envirénment

From a toxicological point of view, there is a significant difference between dioxin-like PCBsand no
dioxin-like PCBs. Polychlorinated biphenyl congeners without chlorines iarthe positions are

00 " }%o0 v E_ He 8Z 38A} %Z vCo E]JVPe v sep@ il Wo v E 3

congeners (non-ortho or mono-ortho chlorine substituted) with at least fduorine substituents
easily adopt a coplanar structure with toxicological properties similar to 2,3,7,8-Tetradldenzo-
p-dioxin (TCDD), see Figure 9. This subgroup is termed dioxin-like PEBBgyland are referred to
as the 12 dioxin-like PCBs, see also Figure 5, 6. Due to their lippphilerties and poor degradation,
PCDD/Fs and dI-PCBs accumulate in the food chain and are persistent in thereemitd®revention

or reduction of human exposure is best performed by source-directed measures, i.e., strict obntrol
industrial processes to reduce the formation of dioxins. The greatest uncertainty RG&® and
incinerator emissions lies in the composition of waste content and the distoibati PCB between air
and waste. A TW study revealed that 10% of the emissions in the flue gases of eratocichimney
were dioxin-like PCBs (dI-PCBEpwever, in biomatrices around the incinerator, including eggs, milk
and vegetation, the contribution of the TEQ dI-PCB is often more than 50%.r¥k®arch is needed
to confirm a direct relation to the emissions from a waste incinerator. PCBwEaGparticularly
dominant in all biomatrix samples.

PCB 77 PCB 105 Gl PCB 156
[¢]] Cl Gl Cl Cl Cl
Cl PCB 1 cl PCB 114 pcais7 Gl
Cl Cl Cl Cl Cl Cl
Cl PCB 126 cl PCB 118 Cl pcaisr Gl
Cl Gl [o]] Cl Cl Cl Cl
Cl pce1ey  Cl Cl PCB 123 Cl pceigy  Cl

Figure 9:dioxin-like PCB (dI-PCB) congeners

6 Petrlk J., Arkenbout A. (2019) Dioxin$he old dirty (dozen) guys are still with us
www.researchgate.net/publication/332877688

7 Toxicowatch (November 2018). Hidden Emissions: A story from the Netherlaads,sdudy, Zero Waste Europe,
https://zerowasteeurope.eu/wp-content/uploads/2018/11/NetherlandsCS-FNL.pdf

Biomonitoring research Madrid 2021 12



Polycyclic aromatic hydrocarbon (PAH)

Polycyclic aromatic hydrocarbon (PAH) represent a class of ubiquitocslyring environmental
compounds that are implicated in a wide range of toxicological effects.cldss of compounds is
known by their carcinogenic, mutagenic, and teratogenic properties. PAH leads to thlegtaent

of a variety of disorders affecting all body systems as well as cadsmgancer and other skin
diseases in animals and humans.

The PAHs with more than four (4) benzene rings have the most carcinogenic activitig. &bi¢to

reduce the effectiveness of measles vaccination through immunotoxicity to innateadagtive
immune cell& Routine measurement of PAH contamination generally involves chemical analytical
analysis of a selected group of representatives. The United States Environmental Profeeimy

(EPA) and the European Commission (EU) classify 16 PAHs as priority pollutants :(EPA-16)
naphthalene, acenaphthylene, acenaphthene, fluorene, anthracene, phenanthrene, fluoranthene,
pyrene, chrysene, benz[a]Janthracene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene
(B[a]P), indeno[1,2,3-c,d]pyrene, benzo[g,h,i]perylene, and dibenz[a,h]anthracene, see Higure
However, this will result in an underestimation of the PAH in a satmipkHs form a very large group

of several tens of thousands (>10.000) of compounds when taking into accounttédohiag with
halogens, hydroxyl or when a nitrogen atom can be in the place of a carbonimtidw® ring. In this
research a bioassay (PAH CALUX) analysis method is used to measure the total toxic effect of all toxic
PAH in a sample. When measuring with a chemical (GC-MS) analysis on a purenstmipiewn

PAH individual congeners, like benzo[a]pyrene, the results with a bioassay (PAH CAMSIX) aral

the same in measured values if the Relative Potency Factor (RPF) are taken into account. In
environmental samples, like in this research, high levels of PAH are found, becauseabeapi
measures the total toxic effect of all present PAH in the sample. The results of a PAHaGALEIX

will be expressed in equivalent benzo[a]pyrene, a class 1B carcinogen.
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Figure 10: Molecular structures of the most common PAHs (Hussain 2(

8 Ruri Vivian Nilamsari et al. 2020. Polycyclic Aromatic HydrocarbonsRBdiites the Effectiveness of Measles Vaccination Through
Immunotoxicity to Innate and Adaptive Immune Cells. Research J. Pharm. and Tech. 2B 128-6131.

9 Andersson J.T., Achten C. (2015). Time to Say Goodbye to the 16 EPA PAHs? Tépardate Use of PACs for Environmental
Purposes - Polycyclic Aromatic Compounds, 35t330
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PFAS

Per- and PolyFluoroAlkyl Substances (PFAS) are a class of man-made chemicalédeitarage of
industrial and commercial applications, which has resulted in their ubiquitous presenthe
environment. The consolidated PFAS list of EPA contains 6330 PFA&n@ABbstances, of which
5264 are represented with a defined chemical structure resulting in increasingly complexes
entering the environment. PFAS possess thermal, chemical, and biological stability, nowdbitiy,
and surface-active properties. Their high applicability combined with chemicalitgtdais led to an
inevitable accumulation of PFASs in the environment and as a result to their detdaotion
environmental matrices (air, sewage, rivers, and dust) in food products angémbeging, in drinking
water, and also in human samples (breast milk, blood) PFAS are associated with hdweasdealth
effects on thyroid function, metabolism (including overweight/obesitigbetes, insulin resistance,
and high cholesterol, foetal development, and the immune sy$tefrhe risk of immunotoxicity for
humans and wildlife cannot be discountéd

FFRFRF O
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PRODUCTION
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B i ! . \ .
WASTE ee u-u- PRODUCT
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Water Worker Consumer Biota

Figure11: Overview figure of EU Commission Staff Working document on PFAS, October, 2C

According to the EU Commission Staff Working Document on Poly- and perfkybrsabstances
(PFAS), October 2020, SWD(2020) 249 final, see Figuré tdcent opinion from the European Food
Safety Agency (EFSA) concluded that both PFOS and PFOA are associated with médodgd a
response to vaccinatiolPFOS also causes a reduced resistance to infecE&$A concluded that
parts of the European population exceeds the tolerable weekly intake (TWI) from féodrd®FAS?

10 Young, A.S. et al.,( 2021). Env. Health Perspect. 129 (4), 047010-1 to 037010-
11 Corsini, E., et al., Perfluorinated compounds: Emerging POPs with gddtentunotoxicity. Toxicol. Lett. (2014),
12 https://ec.europa.eu/environment/pdf/chemicals/2020/10/SWD_PFAS.pdf
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However, analysis techniques for PFAS are only available for a limited nunPeASfsubstances.
Chemical (GC-MS) analysis are not capable to detect the currently known > 8000 PeA&rsong
Some substances are known to be present, these are called known unknowns, the substances that are
not known to be present are called the unknown unknowns. It is a struggle for gisalipboratories

to produce consistent data in PFAS analysis. Laboratories may suffer fromerdiffipulties, which

hinder clear identification of the error sources. The lack of analytical standards, the distinctive
physical-chemical properties of the PFCs, and matrix effects, at every step of the analysis from
sampling to detection is a common probl&mTherefore, in this biomonitoring study, a different
analysis methodology is chosen to measure the PFAS in the biomarkers around a waste incinerator.

The used analysis method in this research is based on the competition betweeidthgrmone (T4)
and PFAS for T4-binding site on the blood-protein transthyretin (TTR). @lysiaimethods are the
FITC-T4 assay and the bioassay PFAS CALUREIda Potency Factor (RP#By 12 different PFAS
congeners are expressed in PFOA equivalency (Table 1, Zeilmak¥y, 28E8Table 1.

Overview of PFAS exposure pathways to the human population and the eneinbreee Figure 12
(Sunderland et al. 2019). PFAS are man-made substances that do not naturally occur in the
environment. Examples of PFAS are GenX, PFOA perfluoro octanoic acid and PFOS pexfieioroo
sulfonates. PFASs are used in many products. As a result, and due to emissionglantsjribiese
substances have ended up in the environment and are now found in, among othes,tIsiif
dredging spoil and surface watélf.

Congener RPF
Perfluorobutanesulfonate (PFBS, C4) 0.001
Perfluorohexanesulfonate (PFHxS, C6) 0.6
Perfluorooctanesulfonate (PFOS, C8) 2

| Perfluorobutanoic acid (PFBA, C4) 0.05
Perfluoropentanoic acid (PFHxA, C6) 0.01
Perfluorooctanoic acid (PFOA, C8) 1
Perfluorononaoic acid (PFNA, C9) 10
Perfluoroundecanoic acid (PFUnDA, C11) 4
Perfluorododecanoic acid (PFDoDA, C12) 3

| Perfluorotetradecanaic acid (PFTeDA, C14) 0.3
Perfluorohexadecanoic acid (PFHxDA, C16) 0.02
Perfluorooctadecanocic acid (PFODA, C18) 0.02

Table 1: Relative Potency Factor (RPF) for 12 PFAS expressed in PFOA legaivéRIVM, Zeilmaker 2018)

D\ —
Consumer Products
Human _Exposure
P | “
L
Industry m—) &
L -

Waste Infrastructure

Transfer to Infants
+ Breast milk
+ Cord blood

Environment

Figure 12: Overview of PFAS exposure pathways to the human population andvirenerent (Sunderland et al. 2019

13Van Leeuwen SPJ, Karrman A, Van Bavel B, De Boer J and Lindstrom G, 20@6o6tuality in determination of
perfluorinated contaminants in environmental and human samplesrdmaental Science and Technology, 40, 73840.
14M.J. Zeilmaker et al 2018. Mixture exposure to PFAS: A Relative Potency Factor approaeh,|hstiate for Public
Health and the Environment, RIVM Report 20080.

15 Sunderland EM. (2019). Journal of Exposure Science & Environmental Epiye(®@19) 29:131147

16 hitps://www.rivm.nl/en/pfas
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Bioassays

DR CALUX

The bioassalpR CALUX® (Dioxin Responsive Chemical Activated LUciferase geasstoh)is used

for quantification of dioxins/furans (PCDD/F) and dioxin-like PCBs (dI-PCBs). Tt ineshis
research with DR CALUX® for analyses on dioxins (PCDD/F/dI-PCBs) oreggogssae ilBioassay
Equivalent, BEQ (pg BEQ/gfa€) dZ SBEEQuU s pne (}E (}} o0 u vSe 8§} JeS]vPu]eZ
TEQ(Toxic Equivalence) derived from chemical analyses (Gas Chromatography-Mass Spectrometry
GCMS, pg TEQ/qg fat). For non-food biomatrices like mosses or padiase the results with the DR
CALUX will be expressedli@DD eq./groduct or abbreviated apg TEQ/g product TCDD stands for
2,3,7,8-Tetrachlorodibenzo-p-dioxin, the most toxic dioxin congener.

Like all EU regulationRegulation EU 1881/2006is immediately enforceable as law in all member
states. This regulation sets maximum levels for certain contaminants in food gisodthe food
products which are listed should not be placed on the commercial market fitaroant exceeds

the maximum level set out in the Annex of the EU documents.

The limits set in legislation are expressed in pg TEQ/g, based on GC-MS measuremén@&M3ie
analysis concerns 7 dioxins (PCDDs), 10 furans (PCDFs), 12 dioxiydikernpaited biphenyls (dI-
PCBs), and 6 indicator polychlorinated biphenyls (i-PCB).

The results of the chemical analyses with GC-MS of dioxins (PCDD/F/dI-PCBspleililde=d with a
specific Toxic Equivalency Factor (TEF) towards a TEQ value (see page 5 Abbreviatiorfoand TEF
dioxins, and dI-PCBs). The sum of the TEQ will be measured with upper bound wedaeig
calculation with the value of the limit of detection (LOD) of a specific congener. These&S@EGItM
valuesfor chicken eggs are 2.5 pg TEQ/g fat for dioxins (PCDD/F) and for the sum of dioxi#g8)(PCDD
and dioxin-like PCBs (dI-PCBs), the GC-MS limit value is set at 5 pg TE&/Jgrénen exceeding
these GC-MS limit values, chicken eggs are not allowed to be on the commeadiek, (see Figure

6 and 7.

Directive 2013/711/EX sets out the cut-off values of the DR CALUX analysis determined. If the
analysis exceeds the 70% value of PCDD/F, i.e. 1.7 pg BEQ/g and/or 70% df tigHansum of
dioxins (PCDD/F/dI-PCB) i.e. 3.3 pg BEQ/g a GC-MS analysis of the eggssanmheniended to
establish the results with the GC-MS chemical analysis, vElgr&881/200&an be applied.

2013/711/EW° includes theaction levels G@AS for both dioxins (PCDD/F) and dioxin-like PCBs (dlI-
PCBSs) in chicken eggs set at 1.75 pg TEQ/qg fat, see Figure 6. These action laeelsfareampetent
authorities and operators to highlight cases where it is appropriate to identifyoarce of
contamination and to take measures for its reduction or elimination.

17 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02006RQ880919&from=EN
18 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014R0709&from=EN
19 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013H0711&from=EN
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PAH CALUX®

High molecular weight PAHs have known ligands of the aryl hydrocarbon recepRy, @Ahuclear
receptor that mediates toxic effects related to these compounds. The PAH CALUX assay uses a
mammalian, H4lle- cell-based reporter assay for the hazard identification ofRétdlmixtures. The

PAH CALUX reporter cell line allows for specific, rapid (4-hour exposure tirdejekable
guantification of AhR-induced luciferase induction relative to benz[a]pyrene, a camdpaith five
benzene rings and a class 1B carcinogen, is used as an indicator of PAH éX3¢saecAnnex V for
relative potency factors PAH).

PFAS CALUX®

The chemical analyses on individual PFAS congeners are very limited, dependindadmn oinéy 8 -
55 substances can be analysed. Practically, this means that only 0.1- 1% can be deterthitiesd wi
chemical analyses, compared with the value of the Total Organic Fluoriné4TIDE)bioassay of
PFAS CALUX® comprises human bone marrow cell lines (U20S), incorporatiafjytheciferase
gene coupled to Thyroid Responsive Elements (TRES) as a reporter gene for the preggmoae
like inhibiting compounds. It is based on the TTR-binding of RFed&bination with the TRCALUX
detection. The presence of increasing concentrations of PFAS capable of compttiig for TTR-
binding sites will result in a decreased amount of TTR-bound T4. Disruptibf-BTR binding is
benchmarked against the reference compound Perfluorooctanoic acid (PFOA), which saiumis
one (1), just like TCDD in the TEQ calcul&ti@ee table 1 for relative potency factors of other PFAS.
The analysis results of the PFAS CALUX are expressed in: ug PFOA equivalent/g product.

FITC-T4 assay

In the FITC-T4 binding bioassay, sample extracts, suspected to be contaminated witr® A8 d
for the potency of binding with the thyroid hormone thyroxine (T4) to the plasma tramgpotein
Transthyretin (TTR). The fluorescent-labelled thyroxine (FITC-T4) consisting ofsdéeimore
isothiocyanate (FITC) and L-thyroxine (T4) are used in this assay (Smith, 1977, 1920§8.2Zhe
thyroid hormone homeostasis can be disrupted by environmental chemicals at diffpoémis of
interaction in the thyroid pathway, including during transport of the homadhrough the blood.
Some chemicals are known to bind to the transport protein TTR thereby repkaeirendogenous
ligand T4. PFAS are such chemicals known for their capability to bind TTRy tegrleleing T4. The
measurement is based on the difference in fluorescence between bound and now#dliC-T4 to
the TTR-binding site. Bound FITC-T4 will result in a higher fluorescence thhourah The analysis
results of the FITC-T4 will be expresseqignPFOA equivalent/g product

The DR CALUX®, PFAS CALUX®, FITC-T4Vi&ah&lgsis were performed by BioDetection
Systems, Amsterdam, the Netherlands. BDS is accredited under RvA L401.

20 Category 1B carcinogen according to Annex VI to the CLP Regulation (EC) No 1272/2008opfethie Earliament,

and is classified as a Substance of Very High Concern by the POP Regulaii8b®Z0RN4.

21 Pieterse B, Felzel E, Winter R, van der Burg B, Brouwer A. PAH-CALUX, ed bptassay for AhR-mediated hazard
identification of polycyclic aromatic hydrocarbons (PAHS) as individuglozords and in complex mixtures. Environ Sci
Technol. 2013 Oct 15;47(20):11651-9. doi: 10.1021/es403810w. Epub 2013 Sep 25. PMID: 23987121.

22 Strakov, J., Schneider, J., Cingotti, N. et al., 2021. Throwaway Packaging, Forever €heurmadan wide survey of
PFAS in disposable food packaging and tableware. 54 p.

23 P.A. Behnisch et al. Developing potency factors for thyroid hormone disrupfdASs using TIREZt  >hy ]} «« C
and assessment of PFASs mixtures in technical products, Environment International 1p70@021

24 Smith, D.S., (1977). FEBS Lett. 72725-

25Hamers T. (2020). Transthyretin-Binding Activity of Complex Mixtures Reprgseatomposition of Thyroid-Hormone
Disrupting Contaminants in House Dust and Human Serum, Environmenithl Pazapectives 017015-1 128(1)
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Backyard chicken eggs

Backyard chicken eggs are used for biomonitoring levels of contamination by POPsLis stadies.
Eggs are sensitive indicators of POP contamination in soil and dust andsigi@figant exposure
pathway from soil pollution to humans. Eggs from contaminated areas can résalilyfo exposures
that exceed thresholds for the protection of human health. Chickens and their eggs might, therefore,
] o” 3]A e u%0 Ee W v ]v] 3}JE *% ]|+ (}JE AZo* A(opu &R }( I
areas by POPs, particularly by dioxins (PCDD/Fs) and dioxin-like-PCBs t8+PCBs)

When chickens are free to forage on natural uncovered soil in the open air withdiingopthey are
in optimal contact with the environment. Eggs can reflect the chemical situation ofistilrelated
to the atmospheric deposition of hazardous chemical particles from industrisisens, such as car
shredding, metallurgy, coal-fired power plants, foundries, the PVC indasinyent kilns, the paper
industry, and waste incineration. Chickens forage on and in the soil, eating inseetsebrates,
vegetation even grass (Figure 13). As a result, persistent organic pollutants (POR&)XIike
(PCDD/F/dI-PCB)can be found in the fatty egg yolk and act as a biomarker for tharaewitoThe
chicken excretes the toxic compounds like dioxins into the fatty yolk when pitogithe eggs (dioxins
are fat related). The older the chicken is, the more toxic compounds can be collected iodjheab
process called bioaccumulation. Biotransformation refers to the capability of amnisrg to break
down certain substances. Xenobiotical metabolism refers to the metabolism or breakdowighfor
substances not belonging to the substances of an organism of an ecological system.

Why use eggs of backyard chicken for biomonitoring?

WIE incineration
Emissions SVHC

Bioaccumulation
Biomagnification
Biotransformation
Xenobiotical metabolism

Figure 13: Biomonitoring of backyard chicken eggs in natural environment

26 Arkenbout A, Esbensen K H. (2017) Sampling, monitoring and source trackmgnsf iDithe environment of an
incinerator in the Netherlands, Proceedings Eighth World Conference On Samg|Bigrading / Perth

27 petrlik J.2015). Persistent Organic Pollutants (POPs) in Chicken Eggs from Hot Spots in Chin@dkginigurg-Prague,
Arnika - Toxics and Waste Programme,
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European Food Safety Authority (EFSA)

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) anadh-liiexipolychlorinated
biphenyls (dI-PCBs) are important contaminants in the food chain. In 2018 thec@nrBpod Safety
Authority (EFSA) reduced the tolerable weekly intake (TWI) from 14 to 2 pg TEQ (Tivxile &igirkg
body weight per week, based on extended scientific reviews conducted on humaasiamals (EFSA,
201858, see Figure 14. It demonstrates the present exposure to dioxins for most consurtier<£Eid
exceeds the TWI. The maximum levels for PCDD/Fs and dI-PCBs in focetamai/éto be reduced
according to the EFSA advise, however the EU has taken, so far, no action. The actuahdiealoe
for eggs is 2.5 pg TEQ PCDD/g fat and 5.0 pg TEQ/fat PCDD/F/dI-PCB. A afdbese limit values
with a factor of 7 will have enormous implications see Figure 14. The actuatiEs[figure 6 and 7),
based on pre EFSA advise, before 2018, and can been seen as more the pditicalf economic
rather than preliminary on behalf of human health arguments.

Tolerable Weekly Intake DIOXINS Person (70 kg) EFSA NEW Tolerable Weekly Intake pg DIOXINS Child (20 kg) EFSA NEW
m Person 70 kg
1200 300

u Child 20 kg

250 TWI 7 x times lower ’ &
TWI 7 x times lower X}
200 4 o
150
NIk |1oo
L) ..
w0 om :
0 PeTEQ/ fat
TWiold TWInew 2eggs Background TWI old TWI new 2 eggs Background
s Red line: New TWI EFSA : 2 pg TEQ/kg bodyweight/ PER WEEK (old: 2 pg/day) s Red line: New TWI EFSA : 2 pg TEQ/kg bodyweight/PER WEEK (old: 2 pg/day)

Figure 14: Tolerable Weekly Intake of dioxins revision for adults and children (EFS8) 2§phs by TWO.

Public concern about ongoing contamination of POPs in human bodig@sdneased since several of
these substances of very high concern have been identified as hormone disruptelisnamune
depressors. There are many risks and effects of having these chemicals in our environmenfand, as
as dioxins are concerned, they are of no benefit. Pollutants like dioxins comtizntie environment,
persist for decades, and cause problems such as cancer, birth defects, learning tidisabili
immunological deficiency, behavioral, neurological, and reproductive discrepanclasrian and
other animal species.

For PFOS and PF@e EFSA establishedalerable weekly intake (TWI) of 13 ng/kg body weight
per week (PFOS) and 6 ng/kg body weight per week (PFOApmisely?®. For both compounds, the
exposure of a considerable proportion of the population exceeds the proposed TWI. dadpfdose
of GenX or HFPO-DA is 3 ng/kg of body wejgidcording to the EPA.

28 EFSA CONTAM Panel (EFSA Panel on Contaminants in the Food Chain), Knuts@0H 8tentific Opinion on the
risk for animal and human health related to the presence of dioxins amihdike PCBs in feed and food. EFSA Journal
2018;16(11):5333, 331 pp.

29 EFSA CONTAM Panel (EFSA Panel on Contaminants in the Food Chain), Knutis@0 1K Steentific Opinion on the
risk to human health related to the presence of perfluorooctane sulfonic acidesfigiopooctanoic acid in food. EFSA
Journal 2018;16(12):5194, 284 pp.
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Sampling

The sampling for this research was performed by Beatriz Martin, an ecologisthfeoAction Spain
network. For the preparation a manual was applied to explain the samiplimigie (9) steps. In Annex
| an outline of these 9 steps is given in a handout sampling manuaie Algshows the set-up of the
initial sampling plan for biomonitoring in Madrid in the area arduhe Valdemingbmez waste
incinerator. At first an exploration was undertaken by the Madrid sampling team totityethe
possibilities of biomonitoring in the region around the waste incin@rain biomarkers such as
backyard chicken eggs and vegetation (pine needles, leaves and mad$sedifficulty of this remote
area is that the nearest community is a populatlivng along the Cafiada Real Galidh& unclear
whether the inhabitants of this place have access to basic utilities suchatiaal sewage system,
clean water and a functioning electricity supdlyshould be noted that this area is difficult to enter
to conduct biomonitoring research and to make contact with the inhabitdntdlovember 2021,V
received backyard chicken eggs from one location in this area. There was ncacdiveatt with the
chicken coop owners, the communication was performed via intermediaries. Nplo further
information could be providedrherefore, this biomonitoring research in Madrid is mainly focused on
mosses, pine needles of the Aleppo pirieirus halepensishe leaves of broadleaf tredfield elm t
Ulmus minoyand Arizona cypres&€upressus arizonigajoncentrated in the ceng of the inner circle
of <2 km.

In February 2021 an inventory was carried out and photo material taken fromassitge sampling
places of vegetation and mosses. From that point onwards, TW drew up disguplan based on the
initial sampling plan for collecting vegetation samples near and ratatne incinerator Actual
vegetation sampling was carried out @8 July 2021Because of the high temperatures (°C) in the
summer, mosses were sampled in the autuomOctoberl4™ . Eggs fronCdiada Real were received
on October27" and analysed with DR CALUX andMECThe lab results were received at the end of
the year, December'® 2021.
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Figure 15: Actual biomonitoring sample location, Madrid - 2021
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At least 100 grams of pine needles and leaves were collected at & bémproximately 1.6 m above

the ground at the sites in the main wind direction. Pine needles and everdodiage Cupressus
arizonicg are sampled not only from young (one season old) twigs on #estr Details on the pine
needle samples collected are summarized in Table 2

The needleswere packed in HDPE polyethylene bags a (for blank background of external
contamination). The mosses, >100 grams, were collected in glass jars wrapped imi-s@lsieed
aluminium foils and delivered to the laboratory, where the samples were drietl aaralysedon
dioxins (PCDD/HI-PCB), PAH and PFAS.
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Biomonitoring Eggs

Egg location for sampling

Participation of chicken coop owners of backyard chicken was hard to fine ar¢la around in the
incinerator, a difficult task as it turned out at the start of the biomonitgtiat first no response at all
In autumn the Madrid sampling team managed to find one (1) egg locatiorceaumd deliver six (6)
eggs for this research, North-East of the incinerator on a distance of < 1 km, see Biglihe £ggs
were laid by three hens between six months and one year old. Unfortunately, no accessssamepo
at the location for further inspections of the hens, the forage area and hen hausing

Location egg sample Cafiada Real, Madrid - 2021

’\7 ’l - s }' »~ \ o

/ -\(' y /‘:’ 5 \\ 2 .
Figure 16: Location of egg samples, Cafiada Real Galiana, Madrid - 2021
The eggs were initially analysed with the DR CALUX method an@dletevated dioxins (PCDD/F)

and dioxin-like PCBs (dI-PCBs), exceeding the maximum level of diokiod according to the EU
regulation.GCMS analyis also exceeded the EU limits by iingthe DR CALUX resultsg(fFe 17).

Results eggs sum of dioxins (PCDD/F/dI-PCB) DR CALUX, MADRID - 2021

TW-REF-NR TW21-MD-Egg 01 ] $
Distance 1000 2
N hens 3

N rooster

Age 6-12 mnd

Eggs/month 30

Foraging area

0
C\(:\l““a\ab\
Outdoor fireplace : @

All purpose burner| £ ot

Pesticides use : @
Incineradora de Valdem...
DR CALUX BEQ e

PCDD/F BEQ 6,00
arecs

PCDD/F/dI-PCB 13,00

GC-MSTEQ
PCDD/F | 4,10
dI-PCB 2,50
PCDD/F/dI-PCB

Action-level for PCDD/F and dI-PCB is exceeded

DR CALUX PCDD/F and

PCDD/F/d|/PCB are suspect NOT Complyling with EU limit of the sum of PCDD/F/dI-PCBs TEQ.

Figure17: Results of eggs PCDD/F/dI-PCB, Madrid 2021

Biomonitoring research Madrid 2021 22



The congener pattern of the eggs of dioxins (PCDD/F), providedebghimical GC-MS
analysis are shown in Figure.18 this overview the congener patterns of the fraction of
concentrations and TEQ are compared with the incineration patteflse WtE incinerator
(REC) in Harlingen, the Netherlands. The reason is to provide some inatiqredf the
patterns, although the waste input and therefore the emission outmay differ. The
patterns of the REC waste incinerator are the results of more than 2000 of (semi
continuous measurement of real data of the flue gases, a research of TWth&/itblor dark
red, typical incinerator patterns are marked, like Octachlorodibenz@pha (OCDD) and
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) in the concentratiorts,tten low
chlorinated 1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PCDD) and 2,3,4,7,8-
Pentachlorodibenzofuran (PCn the TEQ profiles. Other incinerator patterns show also
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) as a main contributor ofnsdioxi
(PCDDI/F). Figure 18 presents the top left graph, the fraction of digx@DD/F)
concentration; 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD), Octaclhlenadkp-
dioxin (OCDD) and 1,2,3,4,7,8,9-Heptachlorodibenzofuran (HPCDF2). Typical cédtkse

is the domination of HpCDD over OCDD. Usually a ratio of 2 to 1 d @@DHpCDD is
observed. In the upper left graph of Figure 18 the furans (PCDF) are cifbledatio
PCDF/PCDD is 2.3 and can be indicative of newly formed emissions fronneiastatior®.

The dominant TEQ congeners 1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PZBJ&)7,8-
Pentachlorodibenzofuran (PCDF2) and 2,3,7,8-Tetrachlorodibenzo-p-dioxirD)(T&P
marked The graph, top left shows the fraction of dioxin (PCDD/F) concentration
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD), Octachlorodibenzxp-DCDD) and
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HPCDF2). Typiicakese results is the domination
of HpCDD over OCDDsually a ratio of 2 to 1 of OCDD and HpCDD is observed.

Fingerprints of PCDD/F congeners in eggs, Madrid2120

Y2 AIDHE(Efg) (O Fraction of total (%) Fraction of total TEQ (%)
LA T\ 21-MD Egg 01 conc % PCDD/F TEQ % PCDD/F
Distance (m) 1000
25,0% 35%
Hens (n) 8
Rooster (n) 20,0% 30%
Age (month) 6-12 mnd 25%
Eggs/month 30 15,0% 20%
Foraging area 10,0% 15%
10%
Outdoor fireplacg 5,0% 50/0
All purpose burngr I I I I I ° I
pesticid 0,0% -.--- -—— 0% - I- IIII-
esticides use R N @ S 9 S & S P P &K o S G oS
DR CALUX BEQ CEEESES KL, FEE S S © Q‘iﬁl&iﬁ%& FEFESESSSES
PCDD/F BE ° X .
J-PCE 2 Fraction of total (% ) = Incinerator REC/NL (20,000 hrs) Fraction of total TEQ (% )
PCDD/F/dI-PCB 0%
GC-MS TEQ 0%
PCDD/F 350% 20%
30,0%
dl-PCB B pal
PCDD/F/dI-PCB 200%

Exceeding of action-level 10‘0“2 I 5% I I
for PCDD/F and dI-PCB e R e T e p———] - w IHEEEN _=. ll-l-_

— — PP 5 O O P K SYPPIS @
O DI

Figure 18: Fingerprints of dioxins ( PCDD/F) congeners in eggs, Madrid - 2021

30 Chen P. et al. (2017). Chemosphere 181 (2017) 360 - 367
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DIFP@ contamination in eggs of badkyard chiclen

Although their production ended in 1979, huge amounts of PCBs ar& shi# environment.
Most of the PCBs found today in the environment originate from legacy sourgesréease
from transformers or capacitors still in use, building materials, storaste, or contaminated
soils) or as unintentional by-products of combustion processes (e.g., wasteratcn).

In Figure 19 the congener patterns of the dioxin-like PCBs (d-B@Rlsplayed in fractions
of concentrations and in TEQ. The most dominant PCBs in concensratie PCRO05 and

PCB 118. PCB 126 dominate the contribution in TEQ with 2.2 pg TEQ andlé8fotal dl-
PCB-TEQ.

Fingerprints dI-PCB congeners in eggs, Madrid - 2021

Concentrations Madrid Fraction of total DL-PCB (%) Fraction of TEQ DL-PCB (%)
PCB TW21-MD-Egg 01 dI-PCB % conc dI-PCB Madrid
PCB77 64,00 so0% 100%
PCB81 7,00 o0
40% 80%
PCB126 22,00 s 70%
PCB169 a60| 7 £0%
25% 50%
PCB105 1100,00] 0% a0%
PCB114 90,00[ ¥ 0%
10% 20%
PCB118 2000,00| s . = o
PCB123 SI’OOI o 4\_ o & > Q@ ? o A :T > T A S @
PCB156 wmogn| & &S ;9” FFFTF S S FIFF TS T T
PCB157 1zo,oo|
PCB167 290,00] Incinerator PCB pattern (REC NL)
2 18%
PCB189 100,00 1% 100%
Total PCB pg/g fat 4298,60| 1 o
2 70“/:
10% 60%
8% 50%
6% 40%
2% 30%
Exceeding of action-level 2% . iz;
for dI-PCB 0% . N o ||
@4‘@‘9&0@4’@»&0@¢&0&¢¢»@¢“ ) R R S R WP N

& & o o
IS S SR SE S S S S SR SO S
L L L L L

Figure 19: Fingerprints of dI-PCB congeners in eggs, Madrid 2021

The EU mandates a reduction in the amount of toxic dioxin-like substances by makng efforts
to find the source of this contamination. The question needs to be answerteat is the contribution
of the WtE incinerator to the PCB contamination? In continue measurementsigsiens of a WtE
incinerator, 10% of the TEQ found to be related to dioxin-like PCBs, rR@BI{L28. A remark has to
be made, that semi-continuous measurements of the flue gasses inside the chimrey\WwE
incinerator, are by far the best toab measure emissions of dioxins during normal oper&fion
However, measuring emissions during transient phases, such as start-up wddveh, requires a
different methodology of measuring due to changing conditions such asdeatyye and gas velocity.
A study by Li (Zhejiang University, Hangzhou, China, 2018) demonstratesriggions of dioxin like
PCBs during transient phases of start-ups and shutd&wns

31 Hidden Emissions of incinerators, 2017. Toxicowatch Foundatiorgatianliby Zero Waste Europe

32 Arkenbout, A, Olie K, Esbensen, KH, 2018. Emission regimes of POPs of a Dutchrimeigelater, measured and
hidden issues, Conference paper Dioxin2018

33Li M, Wang C, Cen K, Ni M, Li X. 2018 Emission characteristics and vapoudfmpiwase distributions of PCDD/F in a
hazardous waste incinerator under transient conditions. R. Soc. open sci. 5: 171079.
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https://zerowasteeurope.eu/wp-content/uploads/2018/11/NetherlandsCS-FNL.pdf

Brominated and mixed halogenated dioxins (PBDD/F and PXDD/F) in eggs of
backyard chicken

The reason for often higher results of dioxin levels (PCDD/F) in DR @Adlysis, could be because
the bioassay also reacts to polyhalogenated dioxins, such as the brominated (PBDDrRixedh
halogenated chlorinated/brominated/fluorinated dioxins (PXDD/F). In a study otaWstch with
continuous measurement in the chimney of a WtE incinerator, a broad scale of POPsimeé$ The
EU regulation covers only the chlorinated dioxiB&MS: PCDD/F in TEQ and DR CALUX: PCDD/F in
BEQ), see Figure 20, 6 and 7. While more and more scientific puvigatiow the proportion of other
halogenated dioxins cannot be neglected and should integrated in EU reguldtiems &specially true
when (municipal) waste with brominated and fluorinated (flame retardant) conéega combusted.
The problem is the analysis of all these halogenated compounds. There are abduthl@inated
and brominated dioxins, without any international guideline, besides fluorinated (PFAS)
compounds. At the moment only one detection method (bioassay DR CislduKable for measuring
the total toxic effect. Brominated dioxins make up to 15% of the total dioxin imamubody (Jogsten
et al 20105

Difference PCDD/F TEQ and BEQ in eggs, Madrid - 2021

Difference DR CALUX / GC-MS

6
| I I I
2

0
Pilsen (CZ) Kaunas (LT) Madrid (SP)
m PCDD/F TEQ m PCDD/F BEQ m Difference CALUX/ GC_MS

pg TEQ/BEQ

Figure 20: Difference between GC-MS (TEQ) and DR CALUX (BEQ) indicates evidence ofdtexufrdioxins

It is widely recognized that unintentional produced persistent organic pollutants (§)R®Rmission
from thermal processes, especially incineration of e-waste containing PBEHesprincipal source of
PBDD/Fs in the environment. PBDE can primarily found in black eliecttevices like TV casings.
Waste incineration and metallurgical processes, including secondary metaingneeid arc furnace
steelmaking, are important anthropogenic sources of dioxins. Although less data alablevan
PBDD/Fs formation during waste incineration and metallurgical process tha@fidAFs, pilot studies
have demonstrated that PBDD/Fs are formed during thermal proc&sses

34 Arkenbout, A., Bouman KJAM, 2018.Emissions of dI-PCB, PBB, PBDD/F, PBDE, PFOBARFR@Mand/aste
incinerator, Dioxin2018, see reference list

35|.E. Jogsten et al. / Food and Chemical Toxicology 47 (2009§15837

36L. Yang et al. 2021. Environment International 152 (2021) 106450
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Biomonitoring of vegetation

An overview of the vegetation samples is provided in table 2 andd-RjLof i.e. Pinus locations
and 2 in the inner circle < 2 km, Pinus locations 3 and 4 betweemRaiMay (Pin03 and Pin04), and
the reference locations Pinus 5 and 6 (Pin05 and Pin06) in the outer circkelah3listance

The vegetation table 2 shows the TW reference numb&vs-REFNR), for each (pooled) vegetation
sample, the distance in meters, wind direction and gram/vegetation sample is col@ctday 18.

Sampling Pine needles, foliage and leaves, Madrid - 2021
Wind

Distance

TW-REF-NR

date

direction (m)
1 18-7-2021 TVl 30 S
2 Pinus hal i 111 S 570 |TW-MD21-Veg-01/02 Pin01
4 Cupresses a . om‘fa 115 S-W 528 TW-MD21-Veg-04/05 Cup02
5 pt:Sy 1Sl Cupresses arizonica S-W
6 pre 1P 3 Ulmus minor W
7 18-7-2021 [0Vl g 144 W 300 |TW-MD21-Veg-06/07/08 Ulmus01
8 18-7-2021 [0dViNelileg W
9 | 18-7-2021 VLITNGTLTIE 149 N 175 |TW-MD21-Veg-09 Ulmus02
10 18-7-2021 Rl eIl kS
11 | 18-7-2021 IRl 167 N-E 280 |TW-MD21-Veg-10/11/12 Pin02

12 18-7-2021 TR el

13 pe: Sy 1erk Q) Cupresses arizonica
pe: e 1erk Q) Cupresses arizonica 80 E 400
15 pe: Sy 1Pk Cupresses arizonica E

TW-MD21-Veg-13/14/15

S 10rs W Pinus halepensis N

18 S 10rs W Pinus halepensis 172 N 2190 |TW-MD21-Veg-17/18/19
19 18-7-2021 MBI eIl N

20 p 21 r A8l Pinus halepensis
22 | 18-7-2021 WLl 122 S-W 3700 |TW-MD21-Veg-20/22/23
23 p 21kl Pinus halepensis
21 p:Ry eyl s Wl Cupressus arizonica 211 7 S-W 3820 |TW-MD21-Veg-21
24 p 21kl Pinus halepensis 193 S-W
25 18-7-2021 Rl Il kS 190 S-W
26 18-7-2021 QBN ll= kS
27 | 18-7-2021 BVl 193 E 4710 |TW-MD21-Veg-26/27/28
28 p S0P Pinus halepensis

4000 |TW-MD21-Veg-24/25

Pine needles
Leaves
Mosses

O Mosses ‘ Evergreen tree Dicidious tree Aleppo Pine tree
Cupressus arizonica Ulmus sp. Pinus halepensis

Figure 21: Vegetation sample locations, Madrid - 2021
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Pine needles

Pines are widespread among evergreen species and are characterized by a high-fat. ¢@inen
needles have been used for many decades to monitor atmospheric persistent orgaloitamts
(POPs) like dioxins (PCDD/Fs) pollution on a global and regioral Boaluptake of pollutants by
vegetation occurs mainly through gas-phase partitioning or deposition sif plrticles that adsorb

on the surface of pine needles and leaves to diffuse into the waxy cuticle of the |éalas.been
identified that waste incinerators contribute significantly to the environmental concentratioh
dioxins (PCDD/F$) Pine needles have an advantage over the use of Polyurethane Foam dis¢s (PUF
which are vulnerable to vandalism. Living organisms, like trees aretea bebbserve and to analyse
contamination of substances of very high concern.

Pine trees are able to survive long periods of stressful drought conditioesto the special
morphology of pine needles, especially the epicuticular waxes and the distrimftiobular waxes
which are species specificMeaning the epicuticular wax layer, which helps protect the leaves from
the more toxic form of ultraviolet light called UV-B, as well to prevent water loss of the pkahgy
and risks of pathogen and insects attacks. Dioxins (PCDD/F/dI-PCB) partitisnfatty wax layer
because of its lipophilic properties. In fact, lipophilic xenobiotica have baerdfto have a greater
affinity to one of the main components of the cuticle membrane, the cuticular waxepaed to
other cuticle membrane componertts Persistent organic pollutants are thought to sorb to the
cuticular waxes and diffuse into internal leaf (pine needle) compartni@ifitserefore, plant leaves/
pined needles can be used as a natural sampler for persistent organic poll(BDEs) in the
environment.

Pine needles will last for more than 2-5 years on pine trees, deperliribe species of pine trees.
The uptake of dioxins through pine needles can take place continuously year edierFygure22
shows the sampling plan for locations of Aleppo pine nee#gsjs halepensis

Pine needlePinus Halepensi®cations Madrid - 2021

A

VILLA DE
VALLECAS

7 )
i — (51} [cco|

M5

Pin02

el ‘m
@

Figure 22: Sample location pine needles Aleppo pine - Pinus Halepensis, Madad -

mas

Ma301

37Chen P. et al. (2017). Chemosphere 181 (2017) 36@ -

38Lamppu J., Huttunen S. (2002). Environmental Pollution 122 (2008)2619
39 Moeckel C., 2008. Environ Sci Tech@dl00t105

40 Barber, JL. (2004).. Environ Pollut 128138

Biomonitoring research Madrid 2021 27



Results vegetation Madrid 2021

The CALUX analysis results are given in the sum of dioxins (PCDD/F/dI-PCB), dioxfs (RE€DB
and PAH. Remarkable are the high values of dioxins at Pinus locatiardistnce of 570 meter from
the incinerator in South wind direction. The result values for Pinus locationsl ® @me low on a
distance of 4-5 km from the incinerator, a reference location, see Table 3, in B@shwind
direction.

Sampling Pine needles, foliage and leaves, Madrid220 Results Pine needles and leaves, Madrid - 20

sample Weigh{ | Vind | pisance TWLREFNR - PCDDIF/dHPCB PCDD/F|  d-PCB PAH | PFAS (FITC-T
date (ar) direction (m) DR CALUX pg TCDD eq./g product ng BaP eq./g pr|ug PFOA eqg/g p!
18-7-2021 [HOIERELEERNE 125
18-7-2021 [[FIIENEEEREE 111 S 570 |TW-MD21-Veg-01/02 Pin01 | 8.40 7.10 26
18-7-2021 102 S
18-7-2021 [OUNEREEE il 115 | 1 S-wW TW-MD21-Veg-04/05
18-7-2021 [(ONECEESENNI=] 148 | 2 [ S-W. 528 Cup02 | 087 0.27
18-7-2021 [[Sl[IVERITe]g 138 w
18-7-2021 [[SlIIVERnITe]g 144 W 300 |TW-MD21-Veg-06/07/08 S/ [VE {08 0.07 0.05
18-7-2021 (SlyVERTiglelg 179 W
N2 Nvil Ulmus minor 149 N 175 [TW-MD21-Veg-09 Ulmus02 0.12 0.07 0.05
18-7-2021 JRIVERETE T 137 N-E
18-7-2021 JHIEREIE S 167 N-E 280 |TW-MD21-Veg-10/11/12 Pin02 0.29 0.18 0.11
18-7-2021 JRRVERETET 149 N-E
Cupresses arizonica RN ] =
Cupresses arizonica 4] 4 E 400
18-7-2021 Cugresses arizonica 5 E TW-MD21-Veq-13/14/1 Setlg B
18-7-2021 89 [6] S E
18-7-2021 JRIVERETET T 172 N
18-7-2021 JEVEREIE LSS 172 N 2190 |TW-MD21-Veg-17/18/19 Pin03 L Y 0.11
Pinus halepensis 174 N
Pinus halepensis 211 S-W
18-7-2021 JRBEIETE N 122 S-W 3700 |TW-MD21-Veg-20/22/23 Pin04 L y 0.06
18-7-2021 [FHIEIHETEERNE 155 S-W
18-7-2021 [ONEEEISEFileY 211 | 7 S-W 3820 |TW-MD21-Veg-21 Cup03 0.07
ﬁ::zz :::Ezi:z:z igz gx 4000 |TW-MD21-Veg-24/25 Pin05 0.35 0.09 0.26
Pinus halepensis 196 E
Pinus halepensis 193 E 4710 |TW-MD21-Veg-26/27/28 Pin06 0.11 0.05 0.06
[ 28 | 18-7-2021 [ElFENREEeEREE 206 E

Table 3: Results DR CALUX , PAH CALUX, PFAS (FITC-T4) vegetation Madrid 2021
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Results DR CALUX pine needles Aleppo piirus halepensis

The results of the DR CALUX analysis for sum dioxins (PCDD/F/dI-PCB) areTgilstn4
The specific biomatrices and bioassay DR CALUX results will be explaieeukixt tthapters.

Spain, Madrid -2021

Vegetation Madrid Results Dioxins, PAH, PFAS in Pine needles
Sample date Species Pooled Veg Nr TW-REF-NR Distance | PCDD/F/d+-PCB PCOD/F PcB PAH ERs s
(m) DR CALUX pg TCDD eq./g product ng BaP/g pr. | ug PFOA eq/g pr.
18-7-2021 Pinus halepensis Pin01 TW-MD21-Veg-01/02 570 8.40 7.10 1.30 220.00 26.00
18-7-2021 Pinus halepensis Pin02 TW-MD21-Veg-10/11/12 280 0.29 0.18 0.11
18-7-2021 Pinus halepensis Pin03 TW-MD21-Veg-17/18/19 2190 0.18 0.07 0.11
18-7-2021 Pinus halepensis Pin04 TW-MD21-Veg-20/22/23 3700 0.14 0.08 0.06 8.10 m
18-7-2021 Pinus halepensis Pin05 TW-MD21-Veg-24/25 4000 0.35 0.09 0.26
18-7-2021 Pinus halepensis —Tw-Mvasg-zsjzﬁza _ 0.11 0.05 0.06

Table 4: Results of dioxin analysis of pine needles, Madrid 2021

High values of dioxins are measured at sample point Pin01, 500 metres -{®esth from

the incinerator. This sampling point is a pooled sample of 2 Alepypes f§see Annel-111 for
details of TWMD-Veg 01/02). The measured value is more than 75 times higher than the
reference site Pin06, which is a pooled sample of 3 Aleppo pines (TRI-M&y26/27/28)
4,710 metres from the incinerator. The other pine needle samplegraliuced very low
measurements (Figurg3) compare to the TW indicative scale of other TW researches
indicative overview of dioxins and dioxin-like PCBs (dI-PCBSs) in evetggesnn Europe is
shown in Figures 190. The measured value at sampling point Pin0O1 in the centre of Figure
23 is marked black, comparing to the TW indicative scale and repredentsighest value
measured in pine needles AN biomonitoring researods see Figure 24

Results sum of dioxins (

PCDD/F/dI-PCB) in pine needles - Madrid 2021

_ - 0.18 comp s &

TW Indicative scale Results

Incinerator I:> @
DR CALUX

CL_ R
> 5.0 pg TCDD eq./g product

= > 2.0 pg TCDD eq./qg product
0.35 0.5- 1.0 pg TCDD eq./g product

< 0.5 pg TCDD eq./g product

Figure 23: Results pine needles sum of dioxins (PCDD/P/GB)
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TW Indicative scale dioxins (PCDD/F/dI-PCB) in eardrees, Madrid - 2021

TW Indicative scale Aleppo pine
9 PCDD/F/dIPCB pRo.p

8 DR CALUX
pg TCDD egq./g product

7
5 6
= Cupressus
=}
o 5
o
o
2 4
g
a 3 Aleppo pine
3}
E o2
j=2
o
1
0,11 0,12 0,14} 0,19 0,20 0,22 0,28
= = s I s Y s i |
T 3 g g 5 =
s 2 2 [T [}
g & 2 83 7 3
N N N
ES C CzZ ES ES CzZ FR
2021 2021\2071 2021\ 2071 2021 2019 2019 2021 2(119 p021 2y 1 2021 202} 2Q21

Data ToxicoWatch Biomonitoring research in Eur@@d9 - 2021

Figure 24: : TW Indicative scale for sum of dioxins ( PCDD/F/dI-PCBSs) in evergreen trees

The dioxins and furans (PCDD/F) at location Pin01, near the incinersasure 7.10 pg
TCDD eq./g product and that is 140 times more than at locatio®63400 m away with 0.05
pg TCDD eq./g, see Figure 25.

TW Indicative scale of dioxins (PCDD/F) in evergreen trees Europe 2019-2021

0,5 1,0 2.0 5.0
[
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8,00
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> 5.0 pg TCOD eq

7,00
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Figure 25: TW Indicative scale for dioxins (PCDD/F) in evergreen trees
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The dioxin-like PCBs (dI-PTRsnd in pine needles of Aleppo pine trees represent the
highest analysis value of dI-PCBs, 1.30 pg TCD eq./g product, in biomgniaséearcks
performed by ToxicoWatch between 2019 and 2021, Figure 26.

TW Indicative scale dioxin-like PCBs (dI-PCB) in evergreen trees Europe 2019 - 2021

05 1,0
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Figure 26: TW Indicative scale for dI-PCBs in evergreen trees in Europe 2019-202

Figure 27 showawhite wallof full loaded big bags, out in the open air, which are clesagn
when walking along public roads in the area around the wast@enator. These big bags
could be a way of storing bottom and fly ash residues from the wastedrator. The source
of the high values seen in the results at location Pin01 is unknMere research is needed
to find out whether these high values are related to themecator emissions or whether they
are linked to spill-off from these large bags. Continuous measurementsediue gases in
the chimney of the waste incinerator and sampling of bottom #nésh for analysis with DR
CALUX may provide some clarity by comparing the alarming high results ofédlyisig&n

Dioxins inAleppo pinesiear incinerator Madrid, 2021

G
T

PCDD/F/dI-PCB: 8.40 TCDD eq.f

P

Figure 27: Is there a link between the wall of big bags and dioxins in Alppges near the incinerator, biomonitoring 202:
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Dioxins in Arizona CypressCupressus arizonica

Arizona cypress Cupressus arizoniéa a North American native evergreen tree from the family
Cupressaceae. The green foliage of this tree has a silver grey colour and the branchas épen
canopy. Gymnosperrare Zv | e o] %0 v3eU 3§ Esueh Aigrespus arizonicahis
speciesis planted for their specific characteristics like a low need for water and mmimare
requirements. Arizona cypress have been commonly and traditionally foseatban landscaping in
many dry and hot weather areas and are also planted for erosion doatrd as wind breaks.
Cupressus arizonida also a good indicator of air pollution and can therefore been used as gn earl
warning tool for air pollution, which is harmful for human hedftfThe evergreen foliage of this tree
remains for years. They are considered by several researchers as the ideal bio-sampieesfaing
substances of very high concern in the environment. Using vegetation as bio-samplenssplzeric
contamination on Persistent, Bio-accumulative and Toxic compounds (abbreviated gsiPBT
relatively cheap and uncomplicated means of monitoring atmospheric contaminants dleat ribt
require equipment/samplers and is particularly useful for sampling at remote dtepressus
arizonicawas selected as a second vegetation biomarker in this research. This vegetation also proved
to be very sensitive for persistent organic pollutants (POPs). Three samples wersedn#te first
being a pooled sample of TW-MD21-Veg-13/14/15, the second Cepgiibled withTw-MD21-Veg-

04 and 05 and the third with code Cup03 is only one sampléWMD21-Veg-23. The results
PCDD/F/dI-PCB are 0.80 - 1.70 pg TCDD eq./g., see Table 5. The distaneeasietlgcinerator is
400 to 3,820 meters, see Figure 28. A spatial effect can be observed befédare®4 and25 show

the high position of dioxins in Cupressus on the TW indication scale of dioxins in evergreen trees.

Dioxin analysis Cupressus arizonica, Madrid 2021

PCDD/F/dI-PCH PCDD/F PCB
Sample date Species Sample nr. TW-REF-NR [ Distance (m Coordinates
pg TCDD eq./g product
July 9, 2021 [Cupressus arizonica] Cup0l |TwW-MD21-Veg-13/14/15 400 1.70 1.6C 0.10[40.335510,-3.59413
July 9, 2021 |Cupresses arizonica| Cup02 |TW-MD21-Veg-04/05 528 1.14 0.81 0.2740.331818,-3.60285
July 9, 2021 [Cupressus arizonica| Cup03 |Tw-MD21-Veg-23 3820 0.80) 0.73 0.0740.319081, -3.6392(

Table 5 Resultf dioxins in Cupressus arizonica, Mad 202

Dioxins in foliage Cupressus arizonica, Madrid - 2021

Incinerator

1.14 pg TCDD eq./g product X
)
400 m S NS >
. |__TW Indicative scale Results
£ DR CALUX
> 5.0 pg TCDD eq./g product

> 2.0 pg TCDD eq./g product
(V] E0EN 0.81 pg TCDD eq./product

0.5 - 1.0 pg TCDD eq./g product
< 0.5 pg TCDD eq./q product

Figure 28: Location of Cupressus arizonica and the analysis results of dioxins, M2@Ritl

41 Bahadoran, M. et al. (2019. Int. J. PhytoremediaZioh9 21, 496:502.
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Field elmt UImus minor

On 18 July 18 2021eaves of theUlmus minorwere sampled a short distance from the
incinerator, between 175 and 300 metres away. Leaves were tak&rb0 to 2 metres above
the ground. The deciduous vegetation close to the incinerator on thehremtl west side
comprises field elms. Elms are deciduous trees of the géHomisin the plant family
Ulmaceae We have only found biomonitoring research on the barkllohusspecies, not on
the leave$?. One important thing when analysing samples of elm leaves is that ygihave
a measurement of a few months. Since the growing season for elm leavesastaund April
it was only 14 weeks until sampling date of 18 July. The leaves laitk euticle t the outer
layer of the leaf, a protection mechanism for i.e. water evaporation. Taking tbisauount,
it is remarkable that dioxins could already be measured on leaves that st 3.5 months
old. The analysis results of dioxins (PCDD/F/dI-PCB) with DR CALUXt afsoye the
detection limit of < 0.05 pg TEQ/g (Table 6). The dioxin-like PCBs are bel&tahtion limit.
The fact that much lower levels of dioxins were found above the actiondimthe Ulmus
leaves could be because there was very low deposition at this locaionth) or the
deciduous Ulmus is just not suitable for long-term biomonitoring researctioxins (Figure
29).

Dioxin analysis Ulmus minor, Madrid 2021

PCDD/F/dI-PCB PCDD/F PCB
Sample dat§  Species | Sample nr| TW-REF-NR Distance (m Coordinates
pg TCDD eq./g product
July 9, 202]/UIlmus minor | Ulmus01 |TW-MD21-Veg-06/07/08 300 0.12 0.07 <0.05 40.335491,-3.604168
July 9, 202]]UImus minor | Ulmus02 [TW-MD21-Veg-09 175 0.12 0.07 <0.05 40.337036,-3.600706

Table 6: Results of dioxin analyses on Ulmus minor, Madrid 2021

Dioxins (PCDD/F) in leavddlmus(pg TCDD eq./g product)

0.07 pg TCDD eq./g pr
o Ulmus02

175 m

TW Indicative scale .

300 m % PCDD/F/dI-PCB
lncmeradora de Valdem... DR CALUX

pg TCDD eq./g product
Incmerator >5.0

Ulmus01 >20
>1.0

> 0.5
dI-PCB < LOD (0.05 pg TCDD eqg./g proch <05

Figure 29: Dioxins (PCDD/F) in leaves of Ulmus minor, Madrid 2021

2D E]uel ZE <11 JreeBark ovwaliable source of Information on air quality. Pol. J. Eritml. Vol. 26,
No. 2 (2017), 45366
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PAH in vegetation

Polycyclic aromatic hydrocarbons (PAHs) are persistent organic toxic cont#sniimanthe
environment, an excellent tool to monitor emissions of thermo-confounders.eMioan 40% of PAH

is absorbed by the vegetation by dry and wet deposition, making it a signifiaamarker for the
environment. The foliar interface of vegetation is due to a large surface area considered asithe mai
access for organic chemical accumulation.

Organic chemicals have been found to distribute unevenly in foliagethétimajority of them being
accumulated in the outermost polyester skin of the leaf, the cuticle. The cuticle is the ddminan
reservoir for the accumulation of lipophilic pollutants and act as the vesybarrier for protecting
plants from external impacts, and both the outer structures and inner chemical @sitigms are
critical to this process.

Since PAHSs are hydrophobic compounds, airborne PAHSs are deposftdidiosurfaces of vegetation
mainly by dry deposition (gaseous and particulate-bound forms). Surface steremstriecture and
hydrophobicity could have effects on the foliar uptake of organitupemts. In general, for PAHs the
more volatile 2- and 3-ring compounds exist primarily in the gesse of the atmosphere and will
tend to be depositedn plants via dry gaseous and/or wet deposition. The less volatile 5- and 6-ri
PAHSs are more likely to be depositudlthe plant surface bound to particles in wet and dry deposition.
For compounds of intermediate vapour pressure (4-ring PAHSs for exaapéenperature-dependent
gas/particle partitioning of POPs will occur, so that they are subject to both wedrgrdeposition in
gaseous and particle-bound form. Therefore other factors like moisture, rainvaamitee morphology

of the pine needles and leaves are involved in the uptake of lipophilic xenobiotica.

In Figure30, the pine needles of Aleppo pine®ius Halepensisear the incinerator contains more
than 25 times more PAH thdinus h4,000 metres away. Most researoh PAHin pine needless
performed by chemical analysimg 4 -16 (EPA-16) PAH congeners. This method of PAH research is
limited with respect to the enormous group of PAH congeners and their respective tSxititg PAH

CALUX bioassay analyses PAH expressed in equivalent benzo[a]pyrene. Sdk /Arineks P § S]}v]
for relative toxicity potencies of the different PAH congeners

PAH in pine needles Aleppo pind’inus Halepensidvladrid - 2021

TW Indicative scale
PAH
PAH CALUX
ng Benzo[a]pyrene (B[a]P) eq./g produ
> 500
> 250

> 100
| 8 ng B[a]P eq./g product| , | 211%

Figure 30: PAH in pine needles, Madrid 2021

43 Andersson J.T., Achten C. (2015). Time to Say Goodbye to the 16 EPA PAHs? TowasDate Upe of PACs for
Environmental Purposes - Polycyclic Aromatic Compounds, 33580
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Kalugina et al (2018) researched the emissions from a powerful source of PAH emissions, an
aluminium smelter, in the needles of Scots piRén(s sylvestrjsin the residential areas of Bratsk,
East Siberia, Russia. The reference concentrations of benzo[a]pyrene in the pine needles was 0.1 ng
B[a]P/g. The total concentration of 4 PAH, phenanthrene, fluoranthene, pyrene, angenkryas

820 ng/g. However, the relative toxicity of this congener was only 0.00@hpared to
benzo[a]pyrene. Near the aluminium smelter the concentration of class 1 fEpyoene in the
needles was 22 higher 2.2 ng B[a]P/g. In the city where the aluminietiesrwas located, there was

a high incidence of respiratory diseases, musculoskeletal, immune, endocsteensgiseases, and
malignant tumours. In contrast with phenanthrene, fluoranthene, pyrene, and chrysene,
benzo[a]pyrene will be mostly in particulate not in the gaseous phase. Thig fitald 170 x PAH in

the vegetations than Kalugina et al (2018) in the vegetation of a strongtgroorated place with the
emission benzo[a]pyrene of an aluminium smelter.

The report by Madrid Health (Madrid Salud) concludes that the impact of theenator on PAH levels
can be considered as non-existent. This conclusion is diametrically opposed tadimgdi of this
biomonitoring study. The analigsresults of 220 ng and 380 ng benzo[a]pyrene equivalent PAH in
vegetation near the Valdemingdbmez incinerator in this research is a cleaaiiodi that the
environment is under threat from these carcinogenic substances of very high concern (SMH@]. E
the reference point of 4 km away, the result of 8 ng benzo[a]pyrene is higharthe deposition of
PAH near an aluminium smelter in Russia (Kalugina et al 2018). Not onmijzdbé&ants of Southwest
Madrid, but other parts of Madrid could be affected by deposition of BABrameters such as OTNOC
and changes in wind direction are taken into account.

In this research on the foliage of Arizona cypré€xupressus arizonicka factor of 12nore activity

of benzo[a]pyrene is found: 380 ng Bfaquivalentg. Meanwhile, at the reference site 4 km from
the incinerator, values 31 ng B[a]P equivalent/g were measured in the pine ne€hdéesesults of the
PAH in the vegetatioRinus HalepensendCupressus arizonichow a clear spatial pattern towards
the incinerator location, see Figu&l. Even the found level of 31 ng B[a]P equivalent/g can be
considered as a high, warning quantity compared with other TW data results in Europe @jgure

PAH inCupressus arizonicadyladrid - 2021

2

Incinerator

TW Indicative scale

PAH
PAH CALUX

ng Benzo[a]pyrene (B[a]P) eq./g produl
Cup-03 25

> 250

> 100

| 31 ng B(a)P eq./g produci > 10

| <10 |

Figure31: PAH in Cupressus arizonica, Madrid, 2021

44 Olga Vladimirovna Kalugina et al (2018). Contamination of Scotsgrems with polycyclic aromatic hydrocarbons on
the territory of industrial city of Siberia, Russia Environmental SciecBalution Research
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Researctby Madrid Health (Madrid Salud) studied the impact on health of emissioms f
Valdemingdbmez Technology Park using three active air samplers for analysing the air for
dioxins and PAH. The nearest sampler was placed at Ensanche de ValleocasSkati from

the Technology Park. Based on this research, a map of PAH distribution wasictedst
(Figure32). The conclusion of the repdoly Madrid Health (Madrid Salud) isth&tSZ Ju%. §

of the waste incineration plant on PAH levels can be considered as AbhsS vEX_ dZ]-
biomonitoring report shows just the opposite by finding hifgvels of PAH near the
incinerator and at a sample point 3,820 km away from the waste incinerator.

Figure33 show the indicative scale of the results on vegetation (pine needles aiadddl
compared to locations near and further away from the incinerator.

PAH distribution Madrid Health (Salud)

PAH in Cupressus arizonica, Madrid - 2021

Cup-03
31 ng B(a)P eq./g product
Figura 23. Concentracion anual media de HAP

Figure 32: Comparison study Madrid Health (Salud) and this TW biomonitoring rese021
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Figure 33: TW Indicative PAH CALUX scale biomatrices, TW data PAH 2017-2021
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PFAS

To have an impression of PFAS presence in the environment of the incinerator of Madrid thd FITC
analysis method was used on sample®ofus halepeniand Cupressus arizonic@ihe results of the
PFAS analysis with the FITC-T4 are shown in Figures 34 and 35.neepiles ofPinus halepensit

a location 1,000 metres from the incinerator 26 ug PFOA eq./g was fanmh@2 ug PFOA eq./g at a
location 4,000 metres away.

PFAS in pine needles Binus halepensidyladrid - 2021

26 R PFOA eq/g product

TW Indicative scale.
PFAS

FITC-T4/PFAS CALUX

Ry PFOA eq./g product

. 22 Ry PFOA eq/g produc - >0.001
| <0.001 |

Figure 34: PFAS in pine needles of Pinus halenpensis, Madrid 202

In the foliage ofCupressus arizonicdQ0 metres from the incinerator and at a location 3,820 metres
away the analysis results have the same levelbjig PFOA eq./dNo difference in spatial trends
could be observedAs far as we know, this is the first analysis of PFAS with FITC-T4 on vegetation
(pine needles and foliage).

PFAS irCupressus arizonicédJadrid - 2021

S \
TW Indicative scale

PFAS
FITC-T4/PFAS CALUX
R PFOA eq./g product

> 20
Cup-03 —
17 ug PFOA eq./g :88311

Figure 35: PFAS in Cupressus arizonica, Madrid 202
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Figure 36 shows an TW indicative scale for comparing the initial sesfuRFAS analyses on
environmental samples in simultaneously performed research in other countries apé&ur
this year. The lowest values of PFAS in eggs found in a comparable biomosiiadina the
Czech Republic still exceeded the safety food levels for PFAS (PFOA) by affactr
thousand. Results with such high levels of PFAS in the environment are glarmin

TW indicative scale PFAR|(PFOA eq./g product) in divers biomatrices ‘

0,001 5 10 20
N A A A A A 7

30

TW Indicative scale 26,0
25 PFAS
FITC-T4/PFAS CALUX 220
; " R PFOA eq./g product .
>20
e}
e 17'0 17'0
o
(=) 15
= >0.001 13,0
o
(] <0.001
8 10 84
LL
o
2 5
— 1,2 1,4 1,6 1,7
o S TR TS R
Egg Egg Mosses Mosses Mosses Mosses Cupressu€upressus Pinus sylvestris Pinus sylvestris
arizonica arizonica
cz cz cz cz LT LT ES ES ES ES

Data from ToxicoWatch Biomonitoring research indper2021

Figure 36: TW Indicative scale for PFAS in various biomatrices

In a Swedish stud§the concentrations of 10 perfluorinated alkylated substan@#sAS) were
all below the quantification limit (<0.6 ng/g dw) for every compound araks sample. The
results in this biomonitoring research show high levels of PFAS, ghachimportant reason
for more research.

The EFSA advice for a Tolerable Weekly Intake (TWI) of PFOA is set at &mégolgody
weight a week. If a person just drinks one cup of pine needlateseek, the Tolerable
Weekly Intake (TWI) for PFOA will be exceeded by a factor 500. This med&sAS levels
found in the vegetation are extremely toxic, raising concerns about tlugnfys in this area.
Additional research on PFAS is needed a for a better understanding ohkew tesults can
be interpreted.

45Danielsson H. et al. (2016). Persistent organic pollutants in Swedish mosses, Isth Bwédnmental Research Institute
2016, report nr. C 188
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In the previous section is explained how the analytical research of PR4&imglbehind. Only
a fraction of the different PFAS components (8-55) can be analysed ioratlaty, whereas
it is likely that more than 8,000 different PFAS can be found in thea@mment. The relative
potency factor of only 12 components could have been determined (age f4). The FITC-
4 is an analytical method measuring the total toxicity of a mixture ofemifit PFAS
substances (page 16). PFAS is associated with adverse human health effects ah thyroi
function, metabolism (including overweight/obesity, diabetes, insulin rescda high
cholesterol and foetal development, and play an important role in then&o immune
system. Further research is needed to monitor and analyse the contamirddtibis #rever-
chemicall in our environment to establish the consequences of these PFAShé&r
environment, vegetation, animals, and our human health.

There are no further studies of FITC-T4 on vegetation or even on emissions efatwis
This biomonitoring research, simultaneously performed in the Czech Req@tken),
Lithuania (Kaunas) and Spain (Madrid), see Figure 36, is the fingt witlh the application of
FITC-T4 on biomatrices. There is a great need for data on PFAS distrilbuttbe
environment. Chemical analyséSGMS) unfortunately fall short of these findings, hence the
application of the FITC-T4 methodology. The extent to which the incineratiBRAS-related
waste and sewage sludge leads to PFAS contamination in the envirorsrsgitit unknown.
The association with fire-fighting foams (AFFF) is clear, but what isleet are the
combustion products of a fire-fighting event. Pilot studies with PFASeration indicate
incomplete destruction even at temperatures above 980 In a modern wast®-energy
incinerator (WtE) the post-combustion temperature is set at 880 and, as it appears
currently, these temperatures are not adequate to destroy persistent orgaoliatants like
dioxins and PFAS completely.

What are the consequences of PFAS on the environment, as well for healdmin general?
The question arises: what is the cause of this PFAS contamination? Ratdisvthe
contribution of incineration to the PFAS contamination in the environt®dn a study of
ToxicoWatch of continuous measurements WtE incineration in théétketinds, PFOA and
PFOS are detected in the flue g&8eSo the question arise what is the contribution of waste
incineration to the PFAS contamination in the environment around Vaildgomez?

46 Arkenbout, A, 2018. Long-term sampling emission of PFOS and PFOA of to\Wasigy incinerator
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Mosses

Bryophytes are the non-vascular autotrophic cryptogams with the second-highest
conglomeration among land plants after the angiosperms, and nearly 25,000 spexies w

present worldwide (Mishra et al. 2016). Mosses belong to the kingdontd@aand division

Bryophyta. Mosses are a vegetation group ttzatA Z & Z]1}] «ZU eu 00 ZZ JEo0]l [ *3
the main function of anchoring the plant to the grourmck, bark or substratenstead of a

root system like plants and trees for the uptake of water, minerals, and lgessi
contamination by (toxic) chemicals in the soil.

As part of the research, samples of mosses were taken on two occasions. In the summer most
mosses are too dry, because of the high temperatures around Madrid. And because it is
necessary to sample enough material, >100 gram/sample, by evaporation of water the
moisture content needs to diminish in order to analyse it. A second sanmgiir8eptember

12 was carried out at 8 moss locations around the incinerator, see FiguAdtd7 sampling

and transport and shipping to the Netherlands, the samples of mosses awedried for 24

hours.

Sample locations mosses, Madrid - 2021

Reference 30800 m
1 2
3 4
5 6
Moss 1
7 8

Figure 37: Sampling locations of mosses, Madrid 2021

Biomonitoring research Madrid 2021 40



A reference sample for the mosses was taken 20 km North of Madrid ill@CdstVifiuelas,
a natuml environment, see Figure 38. The same procedure was followed: aftgulisgm
transport and shipping to the Netherlands, the samples of mosses wedgiad for 24 hours.

Reference location mosses Castillo dgulas, Madrid, Spain 2021

Reference mosses North Madrid

Madrid

Incinerator

Sampling moss
Castillo de Viuelas

Figure 38: Reference location of mosses, Madrid 2021

Dreyer (2018Y found PCDD/F TEQ concentrations ranged from 0.024 pg TEQ to 0.81 pg TEQ.
Caraballeir$® (2006) et al. reported PCDD/F TEQ concentrations of 0.3 pg TEQ/g (in
woodlands), 2.5 pg TEQ in relation to an incinerator. Most of these®mare < 1 pg TEQ/g.
Danielssoffet al. (2016) observed PCDD/F concentrations in Swedish moss samples
(Pleurozium schrebeor Hylocomium splendehfrom 0.0001 to 0.57 pg TEQ/g. Generally, the
concentrations of the analysed substances were very low, often close to ow kék®
quantification limits (LOQ) for the dioxin analyses. They foansignificant correlation
between the concentrations of PAHSs, dioxin/furans and dioxin-like PClBs imosses and

the distance to the closest industry. The results of POPs in Madhdhe DR CALUX bioassay
are much higher than in the mentioned literature. Also, the dI-RCt#e Dreyer study is
always below 0.5 pg TEQ/g. In this study, results with high levels jp§ 3.@DD eq./g product
have been measured.

The results of the dioxin analyses in the mosses show strongly elevated {RED®/F) as
well for the sum of dioxins (PCDD/F/dI-PCB), these are the highest letredsTiw indicative
scale based on TW- biomonitoring researches in Europe 2019-2021, see Bigidre 3

47 Dreyer et al. Environ Sci Eur (2018) 30:43 https://doi.org/10.1186/s12B8P172y

48 Carballeira A, Angel Fernandez J, Aboal JR, Real C, Couto JA (2006) Moss: dquviarflibxin monitoring. Atmos
Environ 40(30):577%786

49 Danielsson et al. (2016). Persistant organic pollutants in Swedish mosses, WC-rEg®
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Results sum of Dioxins (PCDD/F/dI-PCB)assedMadrid - 2021

Reference 0. 30800 m
(8)

- Incinerator

pg TCDD eq./g

Indicative legenda Results
DR CALUX
0 DD eq./g prod

0 pg DD eq./g prod

0] 0 pg DD eq./g prod
0.5-1.0 pg TCDD eq./g product
<0.5 pg TCDD eq./g product|

Figure 40:Sum of dioxins (PCDD/F/dI-PCB) in mosses using DR CALUX, Madrid 2021
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Figure 39: TW Indicative scale for PCDD/F/dI-PCB in mosses using DR CALUX, Madrid
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Dioxins (PCDD/F) MossesMadrid - 2021

Reference 0.4 30800 m

_ Incinerato

TW Indicative scale
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DR CALUX
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> 0.5
<0.5

Figure42: Dioxins (PCDD/F) in mosses, Madrid 2021
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Figure41: TW Indicative scale for PCDD/F in mosses, Spain 2021
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Figure 44: Indicative scale fodI-PCB in mossedvadrid
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Table 7 shows the analysis results in Mosses mentioned for dioxins (PCDD¢)»an-like
PCBs(dI-PCBs) separately.

Results Dioxins (PCDD/F/dI-PCBJassedMadrid - 2021

Mosses Madrid 2021 ResultsMossesmadrid 2021
Samplg  sample R Weight .Winfj Distance TW-REF-NR Veg PCDD/FIdI-PCE PCDD/F| dI-PCB
nr date (gr) | direction (m) nr DR CALUX (pg TCDD eq./g produc
1 1-11-2021Mosses S 261( TW21-MD-M01 MO1
2 1-11-202]1Mosses S 235( TW21-MD-M02 MO02 6.70
3 1-11-2021Mosses S 194( TW21-MD-M03 MO03 7.80 5.30
4 1-11-2021Mosses S 146! TW21-MD-M04 MO04 10.70 5.30
5 1-11-202]1Mosses w 400 TW21-MD-M05 MO05
6 1-11-202]Mosses w 572 TW21-MD-M06 MO06
7 1-11-2021Mosses W 2004 TW21-MD-M07 MO7
8 1-11-202]Mosses N 30800 TW21-MD-M08 M08

Table 7: Results of dioxins (PCDD/F/dI-PCB) in mosses using DR CALUX, 2021

In a study conducted by Madrid Health (Madrid Salud) the impact ortrheiémissions from
the Valdemingdmez TechnologgrRwas studied with the use of three active air samplers for
analysing the air for dioxins (PCDD/F) and®Althe nearest sampler was placed at Ensanche
de Vallecas Station about 5 km from the Technology Park. On the h#sis esearch, a map

of PCDD/F/dI-PCB) distribution was constructed as shown in Figuraelprdiile looks the
same, with the exception that in this study serious levels of dioxins aredfin mosses
collected south-west of the incineratat a distance of 402,610 metres and in the study
Madrid Health with active air samplers no dioxins could be detected abfoadimit of
guantification (LOQ).

Comparison report Madrid Health

Figure 45 Comparison reportMadrid Health

50 Estudio de evaluacioén de la incidencia en la salud de las emisiones procedepsggquk tecnoldgico de
Valdemingdmez, Madrid 2019
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Conclusion

The WLE (waste) incinerator of Valdemingdmez in Madrid, Spain has begeration since 1996.

The first round of d@his biomonitoring research on biomarkers of backyard chicken eggs, vegetation
and mosses in the region around WtE incinerator has taken place in 2021. dteuphvill take place

in the next year 2022, by continuitigis biomonitoring study at same locations in the area arourgd th
waste incinerator in Madrid.

The eggs of backyard chicken, a sensitive biomarker of pollution of substances daghergricern in
the environment, show with the bioassay DR CALUX analysis that the eggss¢ixeddd action limits
for food safety as regulated in the EU Directive 2013/711/EU. The chea@5 analysis confirms
these results with lower values for PCDD/F, strongly indicate brominated sli@m part of
contamination.

The results of the dioxin (PCDD/F/dI-PCB) analyses by DR CALUX of mosses demon&tatdysigni
increased dioxin concentrations at a distance of more than 2,650 metres Southef\idw waste
incinerator. The toxicity of the sum of dioxins (PCDD/F/dI-PCBSs) in mosses, eXmdsSBD eq./g
product for DR CALUX analysis exceeding with a factor 20 and a factor 50 for deokRiCBE
(dI-PCBSs). High levels of dioxins (PCDD/F) and dioxin-like PCBs (dI-PC&%)l &repioe needles on
only 500 meter distance of the waste incinerator. The results of the pine needlentgé&detimes
elevation of dioxins comparing to the reference location at a distance @ diéter. Remarkable are
the high results of PFAS contamination in the Aleppo pine neediesere the highest values of
PFAS analysis in pine needles in this simultaneously performed biomiogitesearch in Europe
(Spain, Lithuania, Czech Republic in 2021). The PAH found in needles ofpitlepfinus halepensis
is 10 times more than in the reference sample taken 4,000 metres away.

Results biomonitoring - Madrid, Spain 2021

Dioxins in pine needles near the
incinerator are a factor 75 more compai
to reference site: 8.4g TCDD eq./g,

PAH in pine needles near the incinerator
are a factor 27 more compared to
reference sites: 2269 Benzo[a]pyrene

eq./g

High levels of PAH Dupressus
arizonica: 380ng Benzo[a]pyrene
eq./g

Dioxins in mosses near the incinerato
are a factor 20 more compared to
reference sites: 10.pg TCDD eq./g

DR CALUX: Eggs do not comply the H
limits dioxins and dioxin like PCBs for
safe egg consumption: 13.0 pg BEQ/g

GC-MS: Congener patterns of dioxins in

eggs are identical with congeners from
Highest values in TW research data 2017-2021 fodints (PCDD/F/ dI-PCBs), PAHs, and PFAS

waste incineration

TW indicative scale TW Indicative scale TW Indicative scale EU limit - Eggs EU limit - Eggs U lirfit - Egg: EU limit - E@
PCDD/F/dI-PCB PCDD/F dL-PCB PFAS PAH PCDD/FHI-PCE  PADDIF /F/dFRTE PCDD/F di-PCB
DR CALUX DR CALUX DR CALUX FITC-T4/PFAS GALUX PAH CALU DR CALUX BC-MS GCBISMS
pg TCDD eq./g product pg TCDD eq./g produ pg TGRPpeoduct g PFOA eq./g product ng Benzo[alpyréfelP) eq./g produc} pg BEQ/g fat pg TEQ/g fat pg TEQ/g f pg THY
> 5.0 > 5.0 > 500
> 20 > 20 > 250
> 1.0 > 10 > 100 >33 >1.7
> 05 > 05 > 05 > 5 > 10 > 1.75 > 175
| <05 Il <05 | <05 | < 5] < 10| <33 | <17 | <50 || <175 || <175

Figure 46: Conclusion of biomonitoring, Madrid - 2021
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In the foliage ofCupressus Arizonthe PAH concentration, expressed in Benzo[a]pyrene, is 12 times
more than measured at the reference point.

The EU regulations urge for action on this egg location to find out the source of persigganic
pollutant contamination, in order to eliminate or at least do the wishto reduce dioxins (PCDD/F) to
a the minimum level. However, it should be noted that the EU standards are intendetiefor
economic food market and are not primarily based on EFSA's solely health advice. lirhizsEor
eggs are based on a Tolerable Weekly Intake (TWI) of dioxins. The European Food aAditbafétty
(EFSA) has adjusted this TWI by a factor of seven (7) by the EFSA ifi2®h@alth advise is still not
yet implemented by governments in EU. Since private consumption of baoklyiaictn eggs can be
high, this pose a serious health risk.

Measurements of the flue gasses could verify the fingerprints, congener patterns, foundegdbe
and most important quantify the emitted POPs during Other Than Normal Oper&onditions
(OTNOC). These results underline that the environment around Valdemingébmez waste inciiserator
under serious threat of high contamination of persistent organic pollutants (POPs).

The biomonitoring project will be continued in 202

ToxicoWatch

December, 2021
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