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Electronic waste (E-waste)




E-waste Management

* Most of e-waste goes to landfill
and incinerators (86.4%, USEPA,
2007)

* Most recyclers don't recycle,
but export (50-80%)

* Prison recycling:
high tech chain gang

http://www.electronicstakeback.com/resources/problem-overview/



E-waste in China

Who gets the trash?

Of the e-waste
imported into Asia,
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O cChina generates about 1.1
million tons of e-waste annually
From: http://www.vitalgraphics.net/waste/ (The PRD accounts for ~45%)




Major e-waste recycling sites in China

Ni & Zeng, ES&T, 2009



Informal E-waste recycling operations

Open burning, plastic peeling and melting, acid leaching......



Benefits & Problems

What's in a computer?

* Recovery of valuable

Recycli

32% CYC ng metals

539 Ferous metal > .

plastic _  Recovery of plastics
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18% Electronic » Employments
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Air, water, soil, sediment, organism and human



Contaminants in air

PBDEs PCDD/Fs Reference
(ng/m’) (pg/m’)
Guiyu 11.7 ~N Chen et al. 2009
30 times
Control-Chendian 038 Chen et al. 2009
Guiyu 70 (‘ 21.5 N 140 times Deng et al. 2007
le N
Control-Hongkong 0 15 / So far, the highest values §
Control- documented worldwide.
0.29 Ty
Guangzhou

Guiyu 64.9-2365 Zhao et al. 2007
Control-Chendian 7.12-461 Zhao et al. 2007

Ambient air in e-waste dismantling areas has been

severely contaminated by POPs.



Contaminants in soil

I PBDEs
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Crude e-waste recycling procedures are the main cause to

release POPs (e.g. PBDEs, PCDD/Fs) to the environment
(Guiyu, South China).

Leung et al. ES&T, 2007



Contaminants in biota

Site Organism PBDEs Reference

Longtang,

Thiruen Fowl 1.5-7897 ? Luo et al. 2009a

Longtang,

i Duck 1.9-134% Luo et al. 2009a
Qingyuan

Longtang,  Wild aquatic o, 5 200 50225058  Wu et al. 2008
Qingyuan species
Wild aquatic

Control '
species

13.0-20.5" 75.4-82.8" Wau et al. 2008

Longtang,

Wz Birds 37-2200 * 960-1400000 *  Luo et al. 2009b

2 ng/g lipid weight; P ng/g wet weight



Contaminants in human tissue
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C (pg TEQ/g lipid weight)

Serum  Hair Hair Hair Milk Placenta Hair Milk Placenta Hair

E-waste workers had higher risks on exposing to e-waste-
derived contaminants than other people groups

TEQ-toxic equivalency Zhao et al.2008; Bi et al. 2007; Yuan et al. 2008; Wen et al. 2008; Chan et al. 2007



Severe contamination observed in the
sites where informal e-waste

recycling was practiced.
But...

How about the surrounding areas?



Objectives

Evaluate the short-range transport (SRT)
potential of contaminants from an e-waste
recycling site to the surrounding regions in
South China by analyzing contaminants
residues in surface soil.

= Compare the SRT potential of PBDEs, PCBs and
heavy metals released from e-waste recycling site.

= Assess the risks of those contaminants might pose
on the surrounding areas.



Target e-waste recycling site

Longtang, Qingyuan, located about 50 km north of
Guangzhou (the capital of Guangdong Province)



Sampling sites

Four directions:

LY, LB, LZ, and
LC




Sample preparation

Silica gel-
Air dried
Microwave 12 heavy metals:
digestion ICP/MS Ag, As, Cd, Co, Cr, Cu,
gestio Hg, Mn, Ni, Pb, Se, Zn

27 PBDEs
27 PCBs

soil

UAME-ultrasound-assisted microwave extraction Li et al. Talanta. 2010




Contaminants in soil

(ng/g dw)

CPBDES
Cheavy metals (ng/g dW)

Heavy metals
L.l Inlﬂ
PCBs =} oo

z
B LC Distance (km)

(ng/g dw)

The highest concentrations
of sum PBDEs, PCBs, and
heavy metals in soil were all

CPCBS

l‘m P found in Dingan Village (LTO)

Distance (km)




PBDEs composition

B WS N » BDE-209
accounted for
83% of all

PBDEs in use.

e In the soil
samples,
BDE-209
contributed
61-95% of all
SNy PBDEs, except
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PCBs composition

| ZIEIOHO-, bi-, > hepta-, octa-, ° The Co mmon | y
tri-CB hexa-CB nona-CB use d C B 5 2 ,

CB101, CB118,
CB153 accounted

for a large portion
of total PCBs

« Small quantity of
usage of less-
chlorine-
substituted PCBs

 But, relative high
transport potential




Transport potential

Transportability: chemical volatility, atmospheric or
biota degradation, terrain, wind direction, and
other weather conditions

« Short range transport (SRT): environmental
factors, e.g. terrain

* Long range transport (LRT): chemical
characteristics, e.g. volatility and degradation
potential




Transport potential (metals)

Heavy metal residues in soil:
* No distinct trend
* Low vapor pressures

« Stay in the original place rather than
transport to the surrounding areas



Transport potential (PBDEs)

« PBDE residues in
soil decreased with
increasing distance

ALY BLB <¢LZ eLC

* Slopes of the
regression lines:
-1.09 to -1.58;
r?: 0.46-0.65
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* No significant
differences in
0,5 1,0 transport among
Log Distance (km) the four' directions




Transport potential (PCBs)

e PCB residues in soil
BLB  oLZ eLC decreased with
increasing distance

* Slopes of the
regression lines:
-1.31 to0 -2.12;
r’: 0.43-0.85

* No significant
differences in
transport among
the four directions

0,5 1,0 : , e The SRT po’ren'rial
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Difference among homologue groups (PBDEs)

Slope
9> bi-, tri-,tetra-
, -1.08
penta-BDE

B hex-,
hepta-BDE -1.21

A} octa-,

nona-BDE
-1.04

@®BDE209
-1.28
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 No significant difference for the highly and less brominated PBDEs
* Levels of BDE-209 decreased quicker than less brominated PBDEs
« The percentage of BDE-209 in total PBDEs slightly decreased

« BDE-209 had less transport ability than other PBDEs



Difference among homologue groups (PCBs)

Slope
¥ > 'mono-, bi-,
tri-CB -0.63

WD tetra-,
penta-,
hexa-CB
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 No significant difference for the highly and less chlorinated PCBs
« 2Mono-, bi-, tri-CB had relatively higher transport potential




Summary

High concentrations of PBDEs, PCBs, and heavy metals
in soils in an e-waste site in Longtang, Qingyuan

E-waste recycling activities had caused severe local
contamination

Heavy metals seemed to stay in the local due to their
low vapor pressures

PBDEs and PCBs had ability to transport from the
pollution source to the surrounding areas

BDE-209 showed slightly less transport potential than
other PBDEs or PCBs



More assessment

Additional 21 soil samples were collected within an 8 km-
radius circle of Ding'an Village to assess the risks of the e-
waste recycling processes



Mass inventory

Mass inventories (I) of the contaminants were
calculated:

I =2 kCAdp

The calculated mass inventory of BDE-209,
sum PBDEs, sum PCBs and sum heavy metals were
0.92, 0.134, 0.860 and 1434 tons, respectively

The mass inventories of Cd, Cu, and Pb were
estimated as 4.68, 757, and 673 tons

The e-waste dismantling activities caused severe
contamination to the local environment



Conclusions

¢ The primitive and unprotected e-waste dismantling
and recycling procedures had made Longtang a
pollution source of different kinds of contaminants,
and might pose severe treat to the surrounding
areas due to the SRT potential of POPs



Future work

¢ Better understand the transportability of POPs
in short- and long-range scales

¢ Assess the risks on biota and human health
caused by the transport of contaminants from e-

waste recycling site (pollution source)
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Can be the polybrominated

compounds a hazard for the pregnant
women in an environment of

electronic compounds exposure?
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Introduction
O Polybrominated diphenyl ethers. Family 209 congeners.

O

0 Use as a flame retardant in electronics, plastics, textile
and furnish.

O Bioaccumulative, persistent & toxic.

O Endocrine-disrupting activity.




PBDE-209

0 Decabromodiphenil ether (PBDE-209)

Br Br
Br O Br

Br Brier Br
Br Br

0 PBDE-209 can cause neurobehavioral deficits and can cause
cancer in animals

O Stockholm approved the elimination of PBDE-209

O Now, is still produced mainly in undeveloped countries




Annual consumption of PBDE-209 in 2001

Europe 7,500 Asia 23,000

@ca 24,500

World production 56,100 tones




Alternative to testing methods

O Testing methods

O In Silico O Invitro

O European regulations foresee the use of methods alternative to animal tests




PBPK models as alternative testing
methods

O Physiologically based on
pharmacokinetic models
(PBPK)

O Mathematical
representations of animals
or human body, where the
organs are considered as
compartments.

O Use in health risk
assessment & drug
development
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Objectives

0 Elaborate a PBPK model for PBDE-209

0 Evaluate the accumulation in human
breask milk for women in Guiyu
(China)




Model elaboration

O Tissue and blood flow variability along the time in acute exposure
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O Emond C,et al. 2010. Toxicology and Applied Pharmacology 242:290-298.
O Price K et al. 2003. J Toxicol Environ Health A 66:417-433.




PBPK parameters

O PBPK parameters extracted from literature.
0 Equations:

dC
dt

;| cvenous—3
= —x| Cvenous — —
V P

O F: Flow enter in the organ mL/h

O V: Organ volume mL

O C venous: concentration enter in the compartment mg/mL
O C: concentration inside the compartment mg/mL

0 Partition coefficient: ratio to the tissue concentration to the
arterial concentration in equilibrium




PBPK AcslIX programming

O Use of AcslX software for modeling and simulation
processes

systems and

File Edit ‘iew Execute Tools ‘Window Help
R E-R&L 22 R B e | (KN A
Ficject Files X Command Window X | 36 Start Page » [Z]CSL1eslx | Concentracions tefits X oncentration breast milk X - X
135 Al
134 IAFE = Amount in fat blood {mg)
135 RAFB = QF* (CA-CUF) + PAF+(CF/PF-CVWF) Irate of change of amt in fat blood- mg/fh
136 AFB = integ (RAFE, 0.0) tamount in fat blood - myg
157 CVF = AFE/VFE lconcentration in fat blood - mg/L
155 IAF = Amount in fat tissue (mg)
139 RALF = PAF* [CYF - CF/PF| Irate of change of amt in fat - mg/fh
140 AF = integ (RAF, 0.0) lamount in fat - mg
141 CF = AF/NF lconcentration in fat - mg/fL
142
143 1AFB = Amount in breast blood {(my)
144 RABREASTE = QEREAST* (CA-CVEREAST) + PAEREALST® (CBREAST/PEREAST-CVEREAST) !rate of change of amt in breast blood-
145 ABREASTE = integ (RABREASTE, 0.0) lampunt in breast blood - mg
146 CVEREAST = ABREASTE/VEREASTE Iconcentration in breast blood - mg/L
147 1AF = Amount in breast tissue (my)
143 RAEREAST = PABREAST* (CVEREAST - CEREAST/PEREAST) Irate of change of amt in breast - mg/h
B 148 AEREAST = integ (RAEREAST, 0.0) !amount in breast - mg
E 150 CEREAST = ABREAST/VBREAST Iconcentration in breast - mgfL
151
152
153 1AL = Amount in liver tissue (mg)
154 RAL = QL*(CA-CVL)-RAM Irate of change of amt in liver - mg/h
155 AL = integ (RAL, 0.0) lamount liver - mg
156 CL = AL/VL lconcentration in liver - mg/fL
157 CVL = CL/PL lconcentration in liver blood - mgfL
156
159 1AM = Amount metabolized (muy)
160 RAM = Kelim*CWL
161 AM = integ (RALM, 0.0) lamount metabolized - miy L
162
163
164 IPlasma compartment
165 RLPlas = (QLYCWL) +(QF “CYF) +(QRB*CVRE) + (QB*CUEB) + (QK*CWK) + (QBREAST*CWEREAST) +riv - (QCYCA) Irate of change in am“
< | >
Line: 62: Columr: 22 INS

Tabbed Yiew On

of dynamic




PBDE-209 concentrations




PBPK application for breast feeding
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Model validation

O Model validated using human data of the population of the
area of Catalonia (NE Spain)

O Intake PBDE =1.1 ng/KgBW/day
O Breast milk

Mean concentration=2.5ng/g fat
Min conc.= 0.57

Max conc.=5.9

SD=1.6




Acumulation in breast milk (Tarragona case study)




Model validation

Model validation for PBDE-209
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O Max conc.=1.058ng/g fat in breast milk
O Well approximate results




Area under study
O Guiyu (China)




E-waste recycling in Guiyu

O 60,000 e-workers in Guiyu on 2005
O Higher PBDE exposure comparing with European areas
O Risk for the population under study

—




Dietary intake from EUSES

O Oral intake (food & water) of 24mg/Kg BW/day
O Inhalation intake of 3.4*10°mg/Kg BW/day
O Rf Dosis = 0.007 mg/Kg BW/day




Results of breast milk In chronic
exposure

O Maxim concentration of 1,008ng/g fat after 60 days of exposure.




PBDE tissue concentration

Before pregnance (30 1 month after 3 months after
years) preghance preghance

Blood 33.21 0.11 0.10
Brain 79.63 0.33 0.29
Liver 209.79 1.09 0.98
Fat 101.59 9.99 10.01
Kidney 159.94 0.54 0.49
Rest of the
body 20.53 0.22 0.20
Breast 0.64 1.48

Units: Breast ug/g, the rest of the tissues mg/L




Breast milk comparative

OO0 Tarragona

Time to reach maxim
concentration of 20
days

O Guiyu

Time to reach maxim
concentration of 5
years

O Difference due to the high intake of the Guiyu area.




Conclusions

0 Strong accumulation in breast milk
O High risk for breast feeding children
0 Poor metabolism and urinary elimination

OO0 PBPK can be used as an alternative no testing
method for risk evaluation after chronic exposure




Thank you for your attention!

Professor Marta Schuhmacher

Chemical Engineering Departament
Universitat Rovira i Virgili
Tarragona
Spain
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Summary



Objectives

To evaluate the distribution of two electronic device additives, lead
(Pb) and decabrominated diphenyl ether (DeBDE), into the
different environmental compartments during the e-waste
recycling and their potential impact on the environment and
workers’/habitants’ (adults and children) health.

Local - steady state\
QWASI and dynamic

2FUN )

» Uncertainty treatment with the
selected models

Regional - steady
state Euses
y » Assessment of the strengths and

~ weaknesses of the models

Continental - steady
state USEtox




Introduction - what I1s e-waste?

. . Wikipedia.org & dosomething.org
+End-of-life electronic products

(computers, printers, photocopy
machines, TVs, mobile phones, etc.)

% Global e-waste production 20-25
million tones per year!

» Europe, the U.S. and
Australasia are the biggest
producers of e-waste

» 2005 EC estimates 8.8
million tones of e-waste in
Europe

+80% of all e-waste are exported to
Asia

1Robinson, B. H. (2009). "E-waste: An assessment of global production and
environmental impacts." Science of The Total Environment 408(2): 183-191.



Introduction — Selection of the
study area

Map of Guiyu Town. The rectangles show the sampling area when the
literature concentration values for Pb ( air and water) are considered for the
study



Introduction — Selection of the
study area

e The town of Guiyu is the largest e-waste site on the world and
among the most polluted spots.

e Since 1995, e-waste from U.S, Europe and elsewhere have been
continuously transported to Guiyu and “recycled” by villagers

e "Recycling” operations

O

O

)

(0]

(0]

(0]

Separation, processing and recycling of plastics

Manual separation of products

Removal and collection of solder using heating

Acidic extraction of metals from complex mixtures

Burning of wastes to remove combustible plastics and isolate metals

Glass recovery from cathode ray tubes (CRTs)

e Works undertaken by men, women, and even children with
little or no protection to health



Introduction — Selection of the
study area

Typical acid extraction

Typical E-scrapping Open landfills in Guiyu area

dismantling operation.

©2001 Basel Action Network (BAN)



Introduction- Modelled

» Considered substances - Pb and DeBDE

»More than 6% of a computer is Pb; just
5% of total Pb is recycled

» Pb - can cause permanent damage to
the brain and nervous system, causing
retardation and behavioral changes -
infants and young children

»DeBDE - can be found in printed circuit
boards, in components such as connectors,
in plastic covers and in cables

»DeBDE - likely to be carcinogen,
endocrine disrupter and/or
neurodevelopment toxicant

substances



Models Application



USEtox TM

e Scale - Continental (China)

e Background
— Landscape data. Parameters for China (e.g. Population, fresh water
fraction, natural soil, etc.)

— Substance data. Information for Pb and PBDE, both imported from
RISKCYCLE database

e Inputs:
— Pb: emission to water (2.437 t/yr), soil (28.64 t/yr) and air (0.179
t/yr) from SFA (with focus on China)

— DeBDE: emission to water (9.38:10-2 t/yr), soil (0.736 t/yr) and air
(2.72:10-2 t/yr) from SFA for China



USEtox TM

e Qutputs

— Concentrations in the environmental compartments - calculated
considering processes such as advection, transportation, degradation,

etc. among the different scales implemented by USEtox™.

- Human intake fractions of Pb and DeBDE (kG take ® KQemitteq ) fOr

different exposure pathways



EUSES Model

e Scale - Regional for Guiyu region (103 km?)

e Background
— Landscape data. Parameters for Guiyu region (e.g. Population,
fresh water fraction, natural soil, etc.)
— Substance data. Information for DeBDE imported from RISKCYCLE

database

e Inputs:
— DeBDE: emission to water (range from 5.6:103 to 5.6:10°2 t/yr),
soil (2.4-101 + 5.7-10-2 t/yr) and air (8.7:10-3 = 1.7-10°3 t/yr)

from SFA in Guiyu region.



EUSES Model

Outputs

— Concentrations in the environmental compartments ( water, soil,

sediment and air) using the multi-media fate model SimpleBox 3.0.
present in EUSES.

- Human intake doses for different exposure pathways in Guiyu region.

— Risk characterization - human health and environment are assessed,

exposure levels are compared to suitable no-effect levels.



Qwasli Model

Scale - local

Background - defined landscape regarding length and depth of river,

depth of sediment layer
Inputs:

Pb emission to water from SFA (leachate: about 9020 kg/yr), scenarios for

different atmospheric concentrations and rain rates

DeBDE: scenarios for different emissions to water (leachate from disposal
sites: 0 - 30 kg/yr)



Qwasli Model

e Outputs




2 FUN Tool

e Scale -local

e Background- scenario development and pathways definition




® Inputs

Pb concentration in the river water

4,00E-04 Wet season (summer)

3,00E-04
%
S
- 2,00E-04

S
1,00E-04

0,00E+00 -/
1000 2000 3000 4000

Dry season (winter) Time (days)

“*Monthly precipitation average
“+Monthly wind speed average

“Monthly soil temperature - created based
on air temperature

<+ Global solar radiation

¢® Outputs

2 FUN Tool

Pb concentration in the air flow (on TSP)

1,0E-02 /Dry season (winter)

8,0E-03
0
£ 6,0E-03
o -
2 4,0E-03
2,0E-03

0,0E+00 !
0 1000 2000 3000 4000
Wet season (summer)  time (days)

“Total suspended particles in atmosphere
“River geometry, river water flow rate

“Daily fish, vegetables (root, leaf, potato),
milk and beef ingestion rats by humans

Pb concentration in arterial blood (ug dL-1)



Pb Properties in 2 FUN Tool, for
probabilistic estimations

Property PDF*/calculation

Partition Coefficient at the sediment LN2(-3.2,4.4)
pore water interface; ky...q (M3/9)

Partition coefficient at the water - LN2(-0.69,0.92)
SPM interface; ky.spy (M3/9)

Bioconcentration Factor; BCF (m3/g Log(BCF)=f(log(C_dis_water))
fw)

1st regression coefficient of the norm(5.2,0.38)
relationship

Log(BCF)=f(log(C_dis_water));

Gfish_metal (Iog(m3/g)

2nd regression coefficient of the norm(-0.85,0.073)
relationship
Log(BCF)=f(log(C_dis_water));

Bfish_metal

*Probabilistic density function



Results - Continental

USEtox model results

» Pb concentrations and intake doses obtained with USEtox have resulted to
be much lower than the limit values found in literature
(Air, 8,47-10'11 < 5:102 pg-dm=3; Water, 9,24:10% < 50 pg-dm=3; TDI
2.99:103 < 25 pg/(kg bw-d)-1).

» DeBDE concentrations and intake doses obtained with USEtox have been
lower than the limit values found in literature
(Air, 1,29:10'11 < 1.24:-108 - 9.89-10-11 yg-dm-3; Water, 2,20:10°< 6.52:10-
5-3.35:107 uyg-dm-3; TDI 1,41-10° < 0,1 pg/(kg bw-d1);

The situation for the Chinese country with regard
to the hazards caused by the e- waste additives
Pb and DeBDE is NOT risky




Results - Regional

EUSES model results

DeBDE concentrations obtained with Euses have resulted to be in
agreement with the values found in literature (Air, 1.4-108+2.8-10° =
9,89:-108mg-m-3; Soil, 1.3:101x3.4 = 2.78%x1.17 mg-kg!; Sediment ,
7.6-103%x1.8:103=3.0-:102x2.0 - 102 mg-kg1).

Regional TDI of DeBDE for human beings - 29.7 mg-/(kg bw-d)! (7.8 to
72.5 mg-(kg bw-d-1)) > 7.0E93 mg-(kg bw-d)-! ( EPA daily oral reference).
Main regional pathway of exposure ( 99.9% ) - daily intake of root crop.

Carcinogenic risk - 8.9 cancer cases in 1000 inhabitants; much higher than
acceptable value.

Regarding environmental risk, there is a high risk situation for soil
ecosystem and especially in the case of worm-eating predators (120).



sediment concentration

Qwasi model results

Results - Local

Atmospheric input is not important for DeBDE but very important for Pb as
pathway to water and sediment

g sediment concentration ng/g
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e == Water concentration ng/L
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water concentration

Rain rate in m*y-1

Low Average High
0.021 2.2 4.38
Concentration Low 7*103 2.5*102 | 4.4*1072
in Air (0.44*10
3mg*m-3)
High 9*103 3.2*101 6.3*101
(7.45*10
3mq*m-3)
Pb SEDIMENT concentration (mf‘;_gkg")
Rain rate in m*y!
Low Average High
0.021 2.2 4.38
Concentration Low 0.4*10% | 1.6*10°% 2.7*103
in Air (0.44*10
3mg*m—3)
High 0.5*103 [ 1.9*102 3.8*1072
(7.45*10

3mg*m-3)




2FUN TOOL results

Lead concentrations in arterial blood (pg dL'1) over 10 years simulation; (a) initial
age 2 years, (b) initial age 10 years, (c) initial age 20 years

Results - Local
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Global sensitivity analysis for Pb
concentration iIn arterial blood

Parameters



Pb concentration in fish, potato,
root, leaf , milk and beef (mg kg-1)
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Conclusions

Uncertainty has often been present in this study; this has implied that some
assumptions have been taken.

The results obtained after the models calculations were quite acceptable;
comparing the results of each model with values extracted from literature, the
predicted values were at the same order of magnitude as the monitored
values.

Concerning risk characterization of Pb and DeBDE, a clear increase of the risk
for the environment and human health when reducing the scale of the study
was observed.

USEtox™ obtained low concentrations of Pb and DeBDE when assessing the
environmental distribution of additives for the country of China.

EUSES obtained a high level of risk for both environmental and human health
in Guiyu region.



Conclusions

v Qwasi; DeBDE-leaching from deposited waste material important route of
water and sediment contamination; fraction that is transferred to the
atmosphere has a less impact. Pb concentration in the environment is
strongly influenced by air concentration and rain rate, in addition to direct
emissions.

v 2 FUN; real health risk for workers/habitants of the Guiyu town due to the
released of Pb during e-waste recycling processes. A higher risk was
observed for very young children

v From the combination of all the selected models, a better understanding of
the e-waste informal recycling processes has been achieved.



Thank you for your attention!
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. i
— Overview

‘ Heavy metal potential in Waste Electric and Electronic Equipment (WEEE)

‘ Test methods for assessing fate of heavy metals during recycling

Dissipative distribution of heavy metals during landfilling and open
dumping

‘ Outlook / Discussion:
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mmm Rijsk assessment of informal E-waste recycling activities

The problem of dissipative distribution of damaging trace metals
with WEEE into the environment

End-of-life management
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=== Heavy metals in WEEE

e Printed Circuit Boards (PCB) account for 1-25% of WEEE
e contain

— up to 300 ppm Gold

— 14% Copper

— 2% Lead

— 70 ppm Cadmium

PCB content of WEEE in %
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e Annex Il (abridgment) of Directive 2002/96/EC on waste electrical and

Bl clectronic equipment (WEEE): Avoidance of env./heath protection
AMNNEX II

Selective treatment for materials and components of waste electrical and electronic equipment in accordance
with Article 6(1)

1. As a minimum the following substances, preparations and components have to be removed from any separately
collected WEEE:

— polychlorinated biphenyls (PCB) containing capacitors in accordance with Council Directive 96/59/EC of 16
September 1996 on the disposal of polychlorinated biphenyls and polychlorinated terphenyls (PCB/PCT) (1),

— mercury containing components, such as switches or backlighting lamps,
— batteries,

— printed circuit boards of mobile phones generally, and of other devices if the surface of the printed circuit board
is greater than 10 square centimetres,

— toner cartridges, liquid and pasty, as well as colour toner,

— plastic containing brominated flame retardants,

— asbestos waste and components which contain asbestos,

— cathode ray tubes,

— chlorofluorocarbons (CFC), hydrochlorofluorocarbons (HCFC) or hydrofluorocarbons (HFC), hydrocarbons (HC),
— gas discharge lamps,

— liquid crystal displays (together with their casing where appropriate) of a surface greater than 100 square centi-
metres and all those back-lighted with gas discharge lamps,

— external electric cables,

— components containing refractory ceramic fibres as described in Commission Directive 97/69/EC of 5 December

1007 adanmtine +a focrhnical meanemee Coamcill Theoctre ATIRARIEET smlatine +n tha Alaccificatinn  maclaminae and
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| . .
=== Recycling and disposal ways of WEEE & PCB (EU)

: »  Landfill
| Non-selective | Shredder
| treatment | (mainly)
y .| Metal pro-
| cess/refining
Separate
Collection
: : Landfill/
Selective treat- R Export | ,Cherry Pik- | _
ment (Ann.11) "| Asia/Africa | | king* (Cu,Auy | | ©pen
dupming
.| Metal pro-
WEEE | cess/refining
» Incineration
g Non-sep. [ wet
OE) collection
(] L 4
(oT0)
e —  Landfill
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e Pathways of heavy metals related to informal WEEE recycling

Dismantling ﬁ -

| Uptake

Dumping of residues trough plants

Intake
through
A % ""ﬂa drinking
water
Dumping of residues —
’\ Dissipation Direct
= and deposition [~ Intake
- Inhalation
2
& _
£ Open burning
2 of residues
o Metal recovery
S .
2 Vera Susanne Rotter A bfall\Wirtschaft .
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=== Heavy metals in WEEE

e Printed Circuit boards account for 3-30% of WEEE
e Contain

— up to 300 ppm Gold

— 14% Copper

— 2% Lead

— 300 ppm Cadmium

Distribution of 8 key metals in printed circuit boards

Total content Eluate after 24h elution at L/S 10

End-of-life management
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=== Test methods for assessing the fate of metals

BATCH LEACHING TESTS

» One stage batch test / EN 12457-4

Compliance test used inside the EU to
assess the suitability of waste for

landfilling
Principle:
leachant De-ionized water
pH depending on matrix
L/S ratio 10:1, 2:1
Duration 24 h

Vera Susanne Rotter
Risk assessment of informal E-waste recycling activities

End-of-life management
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=== Test methods for assessing the fate of metals

BATCH LEACHING TESTS

» Controlled pHTest / DIN CEN TS 14 429 > TCLP US-EPA SW- 846 , method

Test for basic characterization of waste 1311

to obtain information on short-term developed by USEPA to simulate the
and  long-term  and  specific leaching of metals in co-disposal
characteristics hazardous waste and MSW in a

“worst - case scenario”

Principle:
leachant Deionized water with Principle:
varying amount of leachant buffered acetic acid
HNO; & NaOH solution
» depending on buffer
= .
@ pH controlled and fixed
+
aEJ L/S ratio 10:1, o , 2:68+0.05
& Duration 24 h at each pH L5 leifle 20:1
E Duration 20 h
-
5
'E Vera Susanne Rotter A bfall\Wirtschaft 10
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mmm Test methods for assessing the fate of metals

COLUMN TESTS

» Up-flow percolation Test /
EN 14 405/

Test for basic characterization of waste
to describe the L/S dependence of

leaching
Principle:
leachant De-ionized water
pH depending on matrix
L/S ratio continuously increased
till L/S 1:10
Duration 30 days

Vera Susanne Rotter
Risk assessment of informal E-waste recycling activities

End-of-life management
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=== Test methods for assessing the fate of metals

LYSIMETER TESTS

» Lab-scale Lysimeter

Test for simulating long-term leaching
behavior in anaerobic landfills

Principle:
leachant De-ionized water,
circulating leachate
pH depending on matrix
L/S ratio continuously increased
Duration 150 days

Vera Susanne Rotter
Risk assessment of informal E-waste recycling activities
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=== Test methods for assessing the fate of metals

UPTAKE TESTS

» Plant uptake test

Irrigation of plants with leachate from
PCB on a silica soil

Principle:
leachant from batch leaching
test with DI water,
plant radis

test scheme variation of dilution

full analysis of root,
leaves and soil

Duration 30 days

Vera Susanne Rotter
Risk assessment of informal E-waste recycling activities
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mmm Assumptions on dissipative distribution of heavy metals under
mmm |andfill conditions

e Anaerobic Phase
» Heavy metals mobilized from WEEE (low pH), but remain in landfill body

» sorption at humic substances
» sorption at P&C
» precipitation as sulfides

- Dissipative distribution in landfill body

Aerobic phase

In aerobic phase, heavy metals get mobilized into the leachate water
» oxidation of humic substances
» oxidation of P&C
» oxidation of sulfides

-> Dissipative distribution into environment

Vera Susanne Rotter A\ bfallWirtschaft
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— Heavy metal release from WEEE under landfill-conditions:
mmm | andfill-Simulation-Tests (Example: Lead

25
Anaerobic Aerobic Phase
20 Methanogenic phase (Aeration)
®

8o 0RO T ol 3 iyl B B ol T o5 By =Tt {aF=1aF 3 ‘ ) o)
0 100 200 300 400 500 = 600 700
Simulated Time [a]

Lead-concentration in leachate [ug/I]

e Anaerobic atmosphere: >90% Zn/Ni/ Cr, >>99% Pb/Cd remain in landfill body
e Down-concentration in PCB, Up-concetration in P&C
e Aerobic atmosphere: increasing heavy metal concentration

End-of-life management
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= Pathways ot heavy metals related informal WEEE
_____Jy TeTe

Dismantling A .

| Uptake
trough plants

Dumping of residues

Intake
through
drinking
water

Leaching

Dumping of residues

Metal recovery
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mmm | eaching test to determine metal leaching
= under worse case conditions

Zink

Test simulating low pH

TCLP + Com

Reduction of leached content through = TCLP
addition of composted organic waste

pH (=3) controled + Com
B pH (=3) controled
Batch leaching + Com

W Batch leaching

B Column test

B Total Content

- Test with high L/S ratio but modest
conditions in terms of pH

Vera Susanne Rotter

End-of-life management
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concentration in [mg/kg PCB]
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Pathways of heavy metals related informal WEEE

Dismantling A

 Uptake
trough plants

Intake
through
drinking
water

Dumping of residues

Metal recovery
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|
=== Uptake of heavy metals from WEEE leachates

Cadmium transfer to plants
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— Metal distribution

Total content
Zn;5.7%

Cd; 0.2%

Sb; 1.9%
Pb; 10.1%

Ni; 3.5%

Pb; 2.95%

Cu; 0.04%
Cr;0.17%

Ni; 0.36%

Vera Susanne Rotter
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Sn; 0.1%

Plant irrigated with leachate sb;0.96%
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Eluate after 24h elution at L/S 10

Sn; 0.0%

Cd; 20.2%
Zn; 39.0%

Cr;0.1%

Cu; 3.8%
Ni; 1.4%

Pb; 33.4%
Sb; 2.0%

Zn; 6.14%

Sn; 0.00%

mCd
mCr
mCu
M Ni
mPb
mSh
mZn

Cd; 89.36% ESn
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Conclusions

e Conditions of disposal and dumping von recycling residues vary
and are difficult to predict

e Conditions of disposal influence decisively the fate and impact of
metals

e The applicability of standardized test methods to assess informal
recycling scheme could not be proven

e Easy assessment tools are required to make the right decisions
for the design of recycling processes

e Resource-efficiency considers both, recovery of non-renewable
materials and protection of natural resources

End-of-life management
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I .
— Conclusions at the EU level

e Annex Il follows a pollution control paradigm and does not bridge the
conflict of dissipation and control of hazardous and valuable substance
up to 100%

e As practiced, Annex Il does not prevent negative impacts through direct
disposal of WEEE components

What could be solutions to avoid dissipative
distribution of hazardous / scarce substances?

» Wider restriction of the use hazardous substances (Product-Design)

» Improvement of collection of appliances with high concentration of
valuable / damaging metals (e. g. refund- or leasing systems)

» Equipment type specific guidelines regarding the treatment (e. g. mobile
phones) on BAT-level

» Avoidance of illegal WEEE-exports

End-of-life management
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