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1. Concept of the project
MONITOR

The concept of the project stems from the need of generating robust, accessible, comparable
and interoperable data on the concentration of nanomaterials in workplaces and relevant

outdoor environments, considering that :

Studies conducted so far point out that
a significant release of submicron

range

Primary / SD1
Liquid-phase reaction

PGNP

4.0x10* to 11.0x10°

sized particles, including single Flame spraying PGNP 4.710° to 1.0x108
: CVD PGNP Non-significant
particles, aggregates and aggl.omerat?s Top-down (milling) ENPs /PGNP 3.0 10° to 1.0x106
(< 1000 nm) and embedded in a solid Secondary NP aerosol / SD2
. . Weighing of powders ENPs 2.0X10% to 7.0x10%
matrix (i.e. polymers) , can be Harvesting ENPs  2.0X10 to 5.0x10%
. . Manual packaging (Bagging) ENPs /PGNP 20.0x10*
eXpeCted dur]ng the pl’OdUCtlon and Bag emptying of powders ENPs Significant increase
Melt Blending ENPs / PGNP > 1.0x10°%
downstream use of ENMs. SD3a / SD3b
Spraying of liquid ENPs 2.0x108
Spraying (gas) ENPs 1.6x105 to 2.0x1010
1 Injection Molding ENPs > 8.0x10°
Nanostrugtured n:]ater.]als can b.e Brushing and rolling ENPs > 6.0x10°
released into the air, soil, and water in Sonication of  ENPs > 8.0x10°
. . nanodispersions
common industrial processes and /or Tertiary NP aerosol / SD4
. . Abrasi f duct PM/EMNP  8.0x103 to 2.0x10%
accidental events and ultimately il S T
Grinding PM/EMNP  3.0x103 to 1.0x10¢

accumulate in the environment.

grant agreement LIFE14 ENV/ES/000662
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1. Concept of the project
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NanOMONITOR

() Accidental spills during production or later transport of nanomaterials, and release from
wear and tear of materials containing ENMs may lead to potential exposure in urban

»

areas

Incidental nanomaterials (INMs) can also be generated in outdoor urban environments
by automobiles, power plants and urban based industries

Existing evidence suggest that subway
systems may be also of interest,
including elevated levels of fine
(PM2.5) and coarse (PM2.5 -10)
particulate air pollution, as well as
ultrafine particles (UFP), understood
as particles smaller than 100 nm, with
a chemical composition based on
elements such as Fe, Mn, Si, Cr, Cu,
Ba, Ca, Zn, Ni and K.

grant agreement LIFE14 ENV/ES/000662

Bl vehicle : aquatic_
== J exhaust ~ transformation

Source:Sources and pathways of outdoor urban
nanomaterials in the environment (Baalousha, et al., 2016)
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1. Concept of the project

g

Objectives

L

NanNnOMONITOR

() The overall aim of the project is to develop a real-time information and monitoring system as
a key innovative tool for the risk assessment of nanomaterials on a regulatory basis, in

particular, REACH regulation

The system is based on the development of an online
data analysis tool for collecting and archiving data on
the environmental concentration of ENMs, coupled
with a newly developed prototype and low cost nano-
pollution monitoring system able to continuously

measure key airborne nano-pollutants.

By developing these tools, NanoMONITOR promotes
the use of measured data to meet information
requirements laid down on REACH for human and
environmental risk  characterization, including
exposure data and predicted environmental
concentration levels (PEC).

NanoMONITOR is partly funded by the European Commission Life with
grant agreement LIFE14 ENV/ES/000662
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O Specific Objectives

The specific objectives outlined in the proposal are:

-

New low cost monitoring station prototype for the
measure of indoor and outdoor concentrations of ENMs

To develop a software application to store, exchange
and manage data on the concentration of ENMs.

To design and develop standardized sampling and data
analysis procedures to ensure the quality, comparability
and reliability of the monitoring data used for risk
assessment

To implement and validate the NanoMONITOR integrated
systems in case studies

Support the calculation of the predicted environmental
concentration (PEC) of ENMs in the context of REACH

Transfer and disseminate the project results to a large
community of SMEs and potential stakeholders

NanoMONITOR is partly funded by the European Commission Life with
grant agreement LIFE14 ENV/ES/000662
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O Results

The key results of the project are:

Delivery of up to 5 monitoring stations

Delivery of the NanoMONITOR software platform for the on-
line analysis of the measured data on ENMs concentration

Generation of robust data on the concentration of ENMs in
urban environments (high traffic areas + subway) and
industrial facilities covering relevant processes in the ENM life
cycle

Validate the outcomes of the project in case studies,
including 4 urban areas and 4 industrial facilities

Transference of the project results to stakeholders other than
those considered in the proposal

Training and dissemination of the project

NanoMONITOR is partly funded by the European Commission Life with
grant agreement LIFE14 ENV/ES/000662
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O Consortium and main roles

The consortium of the project consists of 4
organizations representing 3 main areas: Spain,
Greece and UK.

» Coordinating Beneficiary

Instituto tecnologico del embalaje,
transporte y Logistica (ITENE)

» Associated Beneficiaries:

« Fundacion centro de estudios
ambientales del mediterraneo (CEAM) -
Spain

* Yordas Group - Uk
* AXON Enviro-Group Ltd (AXON) - Greece

NanoMONITOR is partly funded by the European Commission Life with
grant agreement LIFE14 ENV/ES/000662
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1. Concept of the project
NanNOMONITOR
0 Scheduled activities
NanoMONITOR consists of 5 complementary actions, including:
A. Preparatory actions | _ ' """ '''''''''''''''''''''''''''''''''''''''''''''''
. \ OUYB ons
B. Implementation i
C' Monitoring ' A.1 |dentification and characterization of environmentally relevant nanopollutants
D. Communication | o e s ot e e ot |
i ﬁneﬁnmmahm.&utmu'mdﬁ:mphnamum &oﬁoﬂmm : — . S—
E. Management [ g
| : ( C.1 Definition of the starting situation regarding the use of environmental
B. Implementation actions : ui" °"':°?"g.dj':,f::mffc?o oathe conceniation oF .
: /" B.1 Processing of available monitoring data and development of the online \ i C.S;:L:z:nm:i:hecontroloftbeenvlronemntaloonoentraﬂonofnano
environmental monitoring database : pollutants
B.2 Develpment of the web-based NanoMONITOR software ' C.4 Promotion of REACH fulfilment by implementing the LIFE NanoMONITOR
B.3 Design of the monitoring stations and sampling devices E project
B.4 Implementation and integration of the monitoring system in the existing remote ! | C.5 Assessment of the socio-economic impact of the project actions

B.5 Guidance on the sampling methods and analytical techniques for measurement and
monitoring ENMs in the environment
B.6 Testing and validation of the NanoMONITOR information and monitoring system by
target stakeholders
" B.7 Training activities for end users and stakeholders

Action \

D. Communication and dissemination actions

E. Project management and monitoring

NanoMONITOR is partly funded by the European Commission Life with
grant agreement LIFE14 ENV/ES/000662 10
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2. Main outcomes and progress at glance
pros S MONITOR
A. Preparatory Actions
These actions focus on the selection of environmentally relevant ENMs, the
information and data quality requirements according REACH and the geographical P\ck'or\]
. . | .
coverage and sampling locations and frequency
Action Action Title Partnerid | Status
Al Identification and characterization of environmentally relevant nano-pollutants ITENE Competed
A.2 Definition of monitoring data information and quality requirements according REACH ITENE Competed
A3 Information gathering and analysis of the existing environmental monitoring data CEAM Competed
A4, Deflr.ntlo‘n of the functionalities and implementation plan of the LIFE NanoMONITOR AXON e
monitoring system
Main outcomes are: !
. . . MONITOR
P1. Quality criteria to use measured data under
REACH and relevant monitoring programs
Location Country Year T Max Min Mean
P2. Procedures to determine the validity of measured T o —
data based on scoring criteria Hrcelona Soam 2000 [ 20440 | 6140 | 16847
Lugano Switzerland 2009 47562 2751 14945
P3. Inventory of data on the concentration of NMs in i S G Wl s
industrial, urban and environmental compartments Marylebane oK 2005 | TSROTT| 75| 2T
Huelva Spain 2009 67949 1091 17918
Sta. Cruz de Tenerif{ Spain 2009 26249 1076 12008
Durham (NC) US 2008
Augsburg Germany 2004 - 2006 | 24122 5387
Milan Italy 2009 117600 | 13500
Mol Belgium 2007

NanoMONITOR is partly funded by the European Commission Life with
grant agreement LIFE14 ENV/ES/000662
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2. Main outcomes and progress at glance

O B. Implementation Actions

MONITOR

The implementation actions focus on the development of the real-time information and monitoring

system

implementation of the autonomous monitoring station prototype.

including the development of the web-based application and the design and

Action N2 | WP Title Partner id
B.1. Development of a web based library of exposure scenarios and measured data on the exposure and release of ENMs ITENE

B.2 Development of the web-based NanoMONITOR software application AXON

B.3 Design of the monitoring stations and measurement devices ITENE

B.4. Implementation and integration of the monitoring system in the existing air quality monitoring network CEAM
B.5. Sampling methods and analytical techniques for the measurement and monitoring of ENMs in the environment ITEBE

B.6. Testing and validation of the NanoMONITOR information and monitoring system by target stakeholders ITENE

B.7. Training activities for end users and stakeholders TRC

Main outcomes are:

P1.
P2.
P3.
P4.

P5.

On-line database of exposure scenarios - ES Library
NanoMONITOR Software Platform
Up to 5 NanoMONITOR monitoring stations

Publication of a list of 10 well defined and standardised
protocols for collecting and sampling ENMs for risk
assessment purposes

New interactive guidance on the sampling methods and
analytical techniques for the measurement and monitoring
of ENMs in the environment
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2. Main outcomes and progress at glance NaNOMONITOR

O Main outcomes per action
s e sl
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() B1. Exposure Scenario Library e | l Do
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— © Remember You can use the search menu to filter the number of results

Production of SiO2 in liquid medium Spain

Pilot | Indoor | Measured data
Search by keywords. Q

Life Cycle Stage: Manufacture Route of exposure: Combined Release by: Air

Search filters
. IC TO!
) Contibuing scenarios @) o MONITOR © General description of the scenario
Life Cycle Stage
Production of SiO2 in liquid medium Pilot

Route of exposure Filling a wall with mortar containing nano TiO2

Pilot | Indoor | Measured data Search by keywords Q Location Environmental release Type of use
-- No filter -- v . . . Wate A Soil @ Indool Outdool
Life Cycle Stage: Widespread use by professional workers Route of exposure: Inhalation Release by: Air search filters S “ ! ' ! e
Q p— Contributing scenarios @) MOGTEDEE Life Cycle Stage Route of exposure Data
S G ALY Manufacture M Measured Estimated
Manufacture Combined - -
Route of exposure
Contributing scenarios o
) o i ) — No filter — v
Production of SiO2 in solid medium Adition of the material and discharge of the end product Cleaning

Pilot | Indoor | Measured data

Life Cycle Stage: Manufacture Route of exposure: Combined Release by: Air Contributing scenario title Name of the ENM used

Cleaning Si02
Contributing scenarios @)
Physical state of the material Primary particle size CAS Number
Aglometares 160 nm 112926-00-8
PaCkIng Of graphene Shape of the ENM Surface area of the ENM Density of the ENM Concentration in formulation
Pilot | Indoor | Measured data Spherical m2ig Unknown kg/m? 97 %
Life Cycle Stage: Formulation/re-packing Route of exposure: Inhalation Release by: Air Amount Frequency (aprox.) Duration of use / Usage
Contributing scenarios () 1kg-10kg Unknown 1min-30min/day
Operational conditions affecting exposure/release Site conditions
Describe the activity in terms of the energy applied to the process Room volume
Unknown 339 m?
Temperature at which the process is carried out Temperature
°c 16,5 °c

http://library.lifenanomonitor.eu/
14
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2. Main outcomes and progress at glance

O Main outcomes per action

() B.1. Nano-specific environmental release categories

Stage NRC
NRCla
NRC1b
NRC2
Production NRC3
NRC4
NRC5a

Application of ERCs

NRC6a

(refined here to the

Formulation NRC7

specific case of NMs)
NRC9

NRC10a

NRC10b

NRC11a

Manufacture NRC11b

NRC12
NRC13a
NRC13b
NRC14a
NRC14b
NRC15
NRC16
NRC17a
NRC17b
NRC18
NRC19
NRC20
NRC21
NRC22
NRC23
NRC24a
NRC24b
NRC25
NRC26

Disposal

R

NanOMONITOR

éEii%“&fm saf..
mulace" ”“"VW
mummu Gﬂl]]ll[ﬂte EXBIIIII|E semm

iy e

s repnrlmuuvmﬂ“ I]'Iaﬂa Bmﬂnl led

pmnesses uidance m-husmess = e ey
" il ala-n ZHHWSISWEI iy
s - £ '”,"Tf";‘,‘
Air (%) Water (%) Soil (%)
0,05619 6,74275 0,01124
0,05615 6,73755 0,01123

0,05 0,06 0,00010

0,05565 6,67773 0,01113
0,00561 6,72923 0,01122

) ) a

0,01086 7,14956 0,57817

10,86905 7,15276 0,57843
0,0000000 0,01 0
0 0,001 0

0,0010 0,0715 0,0058

0,48970 32,22657 2,60610

4,19918 0 4,19918
om0 0
18 0 18
5,0 0 5,0
18 1
5,0 0 0
0,5 0 5,0
o0 050
44,51640 0 0
0 0,12211 0
0 0 14,83880
0,05619 6,74275 0,01124
0,05615 6,73755 0,01123
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() B2. NanoMONITOR Software @

. . | na MONITOR

" ! Mosc
il v“ﬁ' o swof UIFE (e £
Partners
Expactations - ‘
Multiple exporting Real-time Easy data management FAQ. e Polonle’ .2 4l
data formats multiparametric options, including data Sito Manual . o, W o \
graphical information storage, comparative Valencia (&’*Aﬂ\( S
analysis and modelling Municipaly station, urbar einltalovsqus . Ucrania ;
: riod: 06/03/2018 - 15/03/2018 [Austria © . 7 Moldavie
£ 1092 3333333333 p/ee |‘w} © . Rumania 2
g PN Min: 1000 p/ex Croncla ™~ .- !y ]
l”l PN Max 1200 p/c \ “{uﬁ 4
. ‘ N, N Moo Bs
A 09 o  whoms ‘ ‘Jr‘ ?! ria mh}\‘wmw
Portugal ™7 4 g b Estambul Azerbaiydn
High resolution maps  Access from smartphones 2 g Turquia Y
and tablets \
i PP Buc
pBivn Cralova Station: Category: Metric: From Date: To Date:
z i - =
A SN FE?_“_‘_ Xy XA Air Quality Data ~ 01/03/2018 g 19/03/2018 -
epayepo .
[SES x |
Lamia |
1 l . Data Presentation  Statistics =~ Modeling  Risk
oviyKopitoag  New station lp[
GIoAtopKUS { Sample period: 30/09/2016 - 15/02/2017 [
| Conta ct . r| Station ID Location Period Metric Unit Statistic Value
Manolis Tsagkaris | Af 1 Valencia 01/03/2018 - 19/03/2018 co mg/m3 Min 012143
m.tsagkaris@msensis.com
J onsug soe 5 prec . 1 Valencia 01/03/2018 - 19/03/2018 co mg/m3 Max 1114340
& PN Min: 968 p/cc ) !
B PN Max: 1025 prec | . 1 Valencia 01/03/2018 - 19/03/2018 co mg/m3 Average 369643
o B - N c
1 Valencia 01/03/2018 - 19/03/2018 co mg/m3 Variance 18.63490
1 Valencia 01/03/2018 - 19/03/2018 co mg/m3 Standard deviation 431682
v ! 2 Export to Excel
S fldzeg —-_— 3
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Q B3. A Real-time Information and Monitoring System

Technical Details on the Monitoring Station:

Detection of particles
ranging in size from
10 to about 700 nm

S

Remotely configurable
settings, readings and
transmission periods

i

Geolocated real-time
information on ENM
concentrations

&3

Minimum maintenance
requirements

&

Integrated plug and play
solution designed for
long term sampling
and monitoring ENM
concentrations

Sensor

Touch screen

f - | Ill|
ID STATION: 'DATE & TIME: [23/10/2017 11:37:14 atibttee) o aks | B 0600600 phoam
LOCATION: = oz aTTUOE: [  om :‘“ A tmm:
EVENT RECORDING: | o SAMPLE TIME: f e T €% | uoake m‘“ =
R EXTERHAL HUMIBITY: o% | Pl 000 1A

EXTERMAL DEW POINT poec | DA 5,00500 14
HE“T ATHL PRISSURE! T :;q ‘-'*::
EADER Ucor 5.2 08 KV
FLOW CONTROL E Flow: 5,000 ih/m
Bt
FLOWY SELECT: e = o00 v
| 0,01/m i 00 I -
= CABINET CONTROL I
VALVESELECT: gy OFF - CABIMET TEMPERATURE : I 0 ﬁc""ﬁb__{..

iy it 1 i

RELRS ERROS
-

COM

oMK

@ i Dbl Documantod Fropecton SO0 S006-00 -04 - RARER - HTULEEY w -
MU Dmca

EXIT
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2. Main outcomes and progress at glance MONITOR

B4. Implementation and integration of the monitoring system in the existing air quality monitoring
network of the Valencian Community and relevant urban areas

Air Quality stations

Location 1. Pista de Silla / Urban / 37159 150
Coordinates 39° 27 29" N - 0° 22" 36" W, 11 59634 384
m.a.s.l.. 53924 223
Location 2. Paterna-CEAM / Suburban /

Coordinates 39° 33' 5" N - 0° 27' 39" W, 122 3935 101
m.a.s. L. 1499978 202
Location 3. L’Alcora / Industrial / 512040 248
Coordinates 40° 03" 07" N - 0° 11" 23" W, 160 336300 202
m.a.s.l.

Location 4. Coratxar / Rural / Coordinates
40° 41" 30" N - 0°5' 5" E, 1200 m.a.s.l.

Subway
Metrovalencia “colon”

Train and higs density traffic are

Alfafar 1
Alfafar 2
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B5. Guidance on the sampling methods and analytical techniques for

monitoring of ENMs in the environment

+ A list of 10 well defined and standardized protocols for collecting and

sampling ENMs for risk assessment purposes.

A new interactive guidance on the sampling methods and analytical
techniques for the measurement and monitoring of ENMs in the

environment.

Guidance for ENMs -

ANALYSIS OF CURRENT KNOWLEDGE ON THE
CONCENTRATION LEVELS OF ENMS IN INDOOR

—— WORKPLACES AND THE ENVIRONMENT

3.1 Sources and forms of ENMs in
target compartments

Airbore nanosized particles can originate from naturally
occurring and incidental sources in addition to the
engineered particles (ENMs) sources typically of interest

in occupational settings. A highest exposure potential
exists for workers in workplaces, where these materials are
produced, used, or handied (Asbach, 2015).

The information on the concentration levels of ENMs in
urban areas and/or ecosystems is still scarce, with a limited
number of studies available. However, the number of
published data on the levels of exposure to ENMs in the
workplace has increased substantially over the last five
years, including data on the particle number concentration
(particies/cm3) and mass concentrations (ug/cm3) measured
using reak-time measurement devices.

The sources of ENMs in workplaces are related with the
type of processes and work practices conducted in the
industrial facilities. Schneider et al. proposed a classification
based on the definition of four source domains (table

2) based on the life cycle stages. from production
Gownstream use, to end-of-life treatments.

The form and amount of the ENMs released in workplaces
are determined by the activity emission potential and

the substance emission potential. The activity emission
potential is commonly related with the number of products
(.e. ENPs or nanoproducts) used, energy applied in the
process and level of containment. Common forms of
ENMs releases in workplaces include single particies and
2ggregates < 1000 nm, large agglomerates with a size
range from 1 to 20 pm. as well as ENMs embedded into a
solid matrix.

The substance emission potential can be considered
specific of each ENM or nanoproduct. For ENMs in powder
form, the emission potential will be determined by the

of dispersed ENMs, and viscosity of the mixture are key
parameters influencing the emission potential.
Conceming urban areas, the study of the magnitude of
the exposure to ENMs in cities is already a challenge. The
main sources of release include unintentional emission
from nano-enabled products used in urban building and
other infrastructures. and industrial emission that can reach
the urban areas due to complex transport process in the
atmosphere.

MNanoOMONITOR

the measurement and

Guidance on
the sampling methods
and analytical techniques

for the measurement
and monitoring of ENMs
in the environment

Table 2. Examples of emission sources

Mok Bionding Ukety releace of il dissocated
3. wrsted
o £
roducts
Speaying of Very Licaty P r——
Speaiog (o) Very Liksty oo
ngoction Molding Very Listy Singie parucies snd
53regares < 1000nem
Embodded partiles
R United release of dly
Gmocaned HPe
Sorication of Single parties snt

At present, there are few studies on revealing the
concentration of ENMs in urban areas, however, ENMs

are iy in new and
products such as building facade paintings, fuel additives,
concrete or

layers for road signs and pane, which means that a bigger
number of ENMs that are likely to be released in the
indoor and outdoor urban environments.

The effect of wind and rain, s well other weather
conditions. triggers ENMs erosion that can lead to air/.
water transport and deposition, which implies a potential
exposure to ENMs of citizens. In addition. as indicated in
the previous chapter. incidental nanomaterials (INMs) can
aiso be generated in the outdoor urban environment by
automobiles, power plants and urban based industries. In
this regard, INMs can be released due 1o road traffic via
engine combustion exhaust, brake pad and tire abrasion.
with average particie diameter below 300 nm (Kumar et
al.. 2014), and compositions ranging from metals and
metal oxides to phosphates. These INM contribute t© 2
negligible portion of the total mass of particulate matter
(PM). but they are the dominant fraction in terms of
particle number (Kukutschova et al.. 2011).

Rail traffic is also 2 potential source of INMs, being

Table 3. Examples of emission sources and types of ENMs.
in urban areas

i

Wet/cy atmospherc.
depostion n cied

Eratevires sbrason
Engine combustion
ey

mainly generated by the motion of trains. ana
activities of commuters and subway staff, air ventilation
and various stationary processes (Vania Ferreira, 2016).
Evidence suggest that although abrasive forces between
wheels, rail, and brakes can generate coarse and fine
particles due to sharing, ultrafine particles can be
generated via the high temperature of friction at interfaces
between these components, with subsequent vaporization
of the substrate (Sunch et al., 2009)

As an example. the levels of ultrafine particles measured
with a condensation particle counter (CPC, TSI model
3007) reached an average value of 14.200 p/cm3 for
the metro systems of Toronto, Montreal, and Vancouver,
in Canada (Van Ryswyk K. et al.. 2017). In the subways
system of Helsinki, UPF concentration reached levels.
rather similar o those in outdoor ambient air (31.000 pt/
cm3)

A non-exnhaustive list of the sources and types of ENMs in
urban system is depicted in table 3.




3. Scheduled activities until the end of the
project

MNaNOMONITOR

Lancaster (UK) — NanoMONITOR 4t" Stakeholders’ Day

NanoMONITOR is partly funded by the European Commission Life with

grant agreement LIFE14 ENV/ES/000662 ENVIRONMENT



NanoMonitor - Overall view of the project f

3. Scheduled activities until the end of the project
MONITOR

On the basis of the timescale of the project, all the actions will have started, and it’s
expected to complete actions B4 to B7, C2 to C5, and dissemination actions.

Main activities to be completed

B4. Monitoring activities in Lancaster (UK) in October
and Thessaloniki (Greece) in November

B5. Publication of the interactive “multimedia”
guideline in the project web site by November

B6. Cases studies to test and validate the
monitoring systemin industrial sites

i, i =T
i) e =

AT A
e L g T R
=~ Jm -~ [ ¥ Lala
tzf ‘u;——_ ‘*x ﬂ@“i@:
5 = : Wit
— -‘ﬁ “MH“‘

oo

B7. Training activities

C2/C3. Continuous monitoring of the data generated

C5. Complete the socio-economic impact analysis
following performance indicators

E. Development of the After LIFE implementation -
plan, including a monitoring activities and .'L%FE CERASAFE
dissemination actios MablIeR

21
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4. Summary conclusions

MONITOR

5 monitoring stations have been developed, being
installed in several scenarios to generate a large
amount of data (> 1 million values for urban
environments available).

Dissemination conducted at all scales, from local to
international events, including conferences, workshops
and EU cluster meetings.

Implementation phase on going, including the
installation of the stations in up to 9 strategic
locations to gather relevant data on ENMs
concentration, size and chemical nature.

Promising after LIFE plan, with interest from
local authorities in sampling PM0.1 and PM1
nano-pollutants.

NanoMONITOR is partly funded by the European Commission Life with grant agreement LIFE14 ENV/ES/000662
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