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Problems and objective
Problems:
 Unrealistic assumptions and simplifications by static

mass-flow model
Only one year ENM input into the system
Complete ENM release from products  for the year when they

are produced

Objective:
 Provide more reliable environmental emissions and

concentrations of nano-TiO2, nano-ZnO, nano-Ag and
CNT by probabilistic dynamic mass-flow modelling
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Method and data for dynamic modelling

Method:
 Adapting the probabilistic dynamic mass-flow model

platform developed by Bornhöft et al. 2015 into a
model according to need

Data:
 Production: extrapolation and prediction of production

development of the four ENM over a period(1990-
2020)

 Release kinetics: ENM release from products over
time
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Method and data for dynamic modelling
Production development:

nano-TiO2

retrospective prospective

Sun et al. 2014
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Method and data for dynamic modelling
Release kinetics:
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TC= Transfer Coefficients
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Results: mass-flow of ENM in the EU
Nano-TiO2 (2014)

(unit: tonnes)

Most transfers
from static
model Sun et
al.2014 are
still valid

Dynamic
components:
1. Accumulation in
use stock
2. Total annual
release
3. Allocations of
total annual release

For ENM fate during recycling process:
Presentation: Session 4A, 15:10-15:40
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Results: ENM evolution in stocks

a. nano-TiO2 in in-use stocks b. nano-TiO2 in accumulative stocks
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Results: Accumulation of ENM production and stocks with
hypothesis(ENM Ban in 2020)
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Results: Accumulation of ENM production and stocks with
hypothesis(ENM Ban in 2020)
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Ban

Results: total and stock release with hypothesis(ENM
Ban in 2020)

a. nano-TiO2 annual release

Due to much
immediate

release such
as cosmetics

b. CNT annual release

Ban
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Results: concentrations

Mean Mode Median Q0.15 Q0.85

STP Effluent 35.1 13.9 26.9 8.60 60.5 µg/L
Surface water 1.83 1.51 1.68 1.06 2.55 µg/L

Sediment 3.93 4.01 3.84 2.93 4.92 mg/kg
STP sludge 1,400 1,270 1,367 820 1,970 mg/kg

Natural and urban soil 1.93 1.44 1.80 1.26 2.62 µg/kg
Sludge treated soil 51.5 50.3 51.3 37.8 65.1 mg/kg

Air 1.22 1.30 1.11 0.70 1.72 ng/m3

Solid waste 90.7 75.4 84.8 57.8 125 mg/kg
WIP bottom ash 444 350 402 263 643 mg/kg

WIP fly ash 611 485 560 343 881 mg/kg

EU (2014)

Nano-TiO2
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Results: concentration evolution in soils and sediments

Soils Sediments
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Conclusions:

 With probabilistic dynamic mass-flow model we
successfully modeled the emission and concentrations
of ENM

 Delay effect varies among ENMs, but all the results
show the importance of delay effect, especially for CNT

 Due to some applications e.g. paints in building ENM
can be kept in use stock very long

 Latest (and most reliable) ENM concentrations in
environmental and technical compartments are given

 For the first time, accumulative (true) ENM
concentrations in sinks such as in soils and sediments
are given
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Data: market projection and patent analysis

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
N

an
ot

ec
hn

ol
gy

Patents analysis

Scheu et al. 2006[6] 0.261 0.317 0.328 0.348 0.352 0.452 0.488 0.539 0.724 0.980 1

Dorsey[7] 0.240 0.301 0.385 0.526 0.769 1 1.137

Parrish 2010[8] 0.457 0.549 0.665 0.814 1 1.243

Daim 2007[9] 0.000 0.000 0.011 0.027 0.016 0.022 0.032 0.033 0.054 0.069 0.106 0.132 0.174 0.248 0.316

Chen 2008 USPO[10] 0.053 0.088 0.077 0.115 0.164 0.166 0.173 0.217 0.277 0.322 0.402 0.497 0.571 0.709 0.788 1 1.260

Chen 2008 EPO[10] 0.063 0.066 0.129 0.096 0.077 0.115 0.184 0.201 0.195 0.255 0.308 0.343 0.387 0.646 0.846 1 1.313

Chen 2008 JPO[10] 0.056 0.042 0.091 0.203 0.322 0.315 0.490 0.455 0.462 0.357 0.378 0.545 0.608 0.587 0.811 1 0.881

Berger 2006[11] 0.254 0.349 0.480 0.673 1 1.398

Dang et al. 2010[12] 0.060 0.087 0.088 0.101 0.108 0.129 0.149 0.190 0.230 0.304 0.445 0.813 1 1.642

Market projection

Future Markets[13]

BCC Research[14] 0.452 0.525 0.525

Lux Research[15] 0.033 0.033 0.056

Roco et al.2011[16] 0.083 0.093 0.116 0.144 0.178 0.248 0.274

EC report Optimistic[17] 0.000 0.052 0.082 0.148 0.207 0.281

EC Report Pessimistic[17] 0.000 0.004 0.066 0.109 0.120 0.163

CN
T

sp
ec

ifi
c

Patents analysis

Nanowerk 2011[18] 0.120 0.235 0.375 0.619 1 1.716

Dorsey CNT[7] 0.070 0.141 0.230 0.722 0.767 1 1.689

Market projection

BCC Research[19] 0.020 0.032 0.048 0.072 0.104 0.148 0.204

Piccinno et al. 2012[20] 0.003 0.050 0.083 0.228

Future Markets[13]

Nanowerk 2011[18]

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Na
no

te
ch

no
lg

y

Patents analysis

Scheu et al. 2006[6]

Dorsey[7]

Parrish 2010[8] 1.490 1.727 2.164 2.645 3.341

Daim 2007[9] 0.410 0.509 0.640 0.770 0.890 1 1.094 1.193 1.246 1.298 1.335 1.366 1.382 1.403

Chen 2008 USPO[10] 1.199 1.564

Chen 2008 EPO[10] 1.651 1.865

Chen 2008 JPO[10]

Berger 2006[11] 1.756 1.851

Dang et al. 2010[12] 2.183 2.538 2.725 3.253

Market projection

Future Markets[13] 0.968 1 1.043 1.094 1.151 1.226

BCC Research[14] 0.672 0.711 0.583 0.649 0.984 1 1.235 1.323 1.529 1.865 2.468

Lux Research[15] 0.089 0.133 0.233 0.356 0.656 1 1.400 1.800

Roco et al.2011[16] 0.340 0.422 0.517 0.650 0.806 1 1.240 1.539 2.069 2.368 2.937 3.644 4.520 6.207

EC report Optimistic[17] 0.354 0.428 0.531 0.648 0.802 1 1.220 1.483 1.813 2.227

EC Report Pessimistic[17] 0.205 0.279 0.333 0.438 0.643 1 1.457 2.217 3.027 3.752

CN
T 

sp
ec

ifi
c

Patents analysis

Nanowerk 2011[18] 2.450 2.642

Dorsey CNT[7]

Market projection

BCC Research[19] 0.316 0.372 0.412 0.668 0.800 1 1.224 1.492 1.796 2.140

Piccinno et al. 2012[20]

Future Markets[13] 0.215 0.387 0.770 0.845 0.876 1 1.123

Nanowerk 2011[18] 0.884 1 1.121 1.394 1.606 2.045

Scheu et al. 2006[6] 0.787 1 1.302 1.728 2.319 3.207
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Release Kinetics: parameters


