DAY 2: Source 5 Emission & Fate &

Exposure & Toxicitys Policy
1. Phthalates
e EXxposure
 Toxicity
2. Polybrominated diphenyl ethers (PBDEs) &
Polychlorinated biphenyls
e Material Flow Analysis (MFA)
e |[ndoor Environment
e Urban Environment

3. PBDEs & Bisphenol A

e Food web transfer
e Modelling Made Easy
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Polybrominated Diphenyl Ethers

e Textiles, PUF, paint, household

plastic produc 5004

1D/t S YA oF U banned production & use in

3 consumer goods
- ABS nlastic f 5 .
*US agreement to stop production
citCult boards,

e BDE-153, 154

e Electrical & 5008

SEslIgE HUBAE .c() banned use in electrical &
LS CHYM oo ctronic goods

e BDE-209 2011

e Canada to ban use in electrical &
electronic goods




Bromine in flame retardants
tonnes/year World consumption
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Fig. 3-1: Annual consumption of bromine in the production of flame retardants [Anas, 2001]

Annual growth rate of ~¥4% per year
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Global consumption of brominated flame retardants (BFR)
tonnes/year
350 D00
PentaBOPE pentabromodiphemdethers
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Figure 1: Comparison of world consumption for selected BFR (sources: TBEBPA 1991 [OECD, 1994],
PBDEs 1991 [IPCS 1994b], TBBPA + PBDEs 1999 [Leisewitz & Schwarz, 2000], total BFR:
values for 1990 and 2000 [Anas, 2001]).
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Material Flow Analysis of a Product

Fig. 4-1: System analysis of the subsystem ‘trade in products’
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Material Flow Analysis for a Country

Fig. 4-4: System analysis of the total system ‘Switzerdand’
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Material Flow Analysis of Penta BDE

pentaBDPE
T imported: 1.9 tonnes in tnnneﬂyga_r — = 7 "~ _ _ ZIexported: 1.4 tonnes
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Presenter
Presentation Notes
90% building materials??


Material Flow Analysis of Deca-BDE

decaBDPE
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40% in EE appliances, 30% in building materials & motor vehicles


Mass of PBDEs in Computers in Toronto
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Why Indoors?

- concentrations higher
- we spend 22/24 hours/d indoors

RA. Rudel, L. Perovich / Atmmospheric Environment 43 (2009) 170-181

Di-n-butvl phthalate
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[1] (Rudel et al., 2003), n = 120, median (not mean) plotied [7] (Thuren and Larsson, 1920), n =51 , median {not mean) plotted
[2] (Sheldon et al., 1992), n = 104, range shown is 10" 1o 90" [8] (Bove et al.. 1978). n = |38, particulate phase only. min and max
percentile . median (not mean) plotted from monthly averages , median (not mean) plotted
[3] (Fromme et al., 2004), n = 5% , median (nol mean) plotted [q]h[PEij“Eﬂ!f'“fE and Struijs. 2006). n = 32, range shown is MOQL to
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[11] (Teil et al.. 2006). n = 20

Flg.1§/%{2rQ:HJq..rl phthalate air concentrations {(sum of VapBiaMﬂarriculam phases unless otherwise noted) in selected Ludies.



Prediction of PBDE indoor dust
concentrations

100000 - 100000 - 100000 —
r=0.43 r=0.49 r=0.64
p =0.07 p =0.03 p =0.003
S
2
E 10000 00 © . 10000 0® © . 10000 - ° ...
>
5 0 3 o o ° o iy
£ oo eo° o )
0 o (<] ®
al ° o ° o ®
g 100040 8o ° 1000-@ § © 1000 o @ o o
8 o )
kol 8 ° °
100 T T T 1 100 T T T 1 100 T T T T T
0 5 10 15 20 0 5 10 15 20 104 10 102 101 100 10!
Electronic Counts Electronic Counts XRF measured bromine loading
(if bromine detected) (Br * Electronic surface area) / 10°

Linking PBDEs in House Dust to Consumer Products using X-ray Fluorescence
Joseph G. Allen,*1t Michael D. McClean,t Heather M. Stapleton,§ and Thomas F.
Webstert
Environ. Sci. Technol., 42 (11), 42224228, 2008. 10.1021/es702964a
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PBDE Air Concentrations In
Stuart’s Office

P Harrad et al. 2006 ES&T 40: 4633-4638
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Model Structure

Zhang et al. 2009 Environ Sci Technol 43: 2845-50

Emission
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Presentation Notes
model structure for PBDEs’ fate and transport indoors
Compartments affecting PBDEs behavior
Transport processes for PBDEs indoors
Non-equilibrium between compartments is assumed
For air and film, steady state
For PUF and carpet, PBDEs were added during production So it will cause in place contamination just like contaminated sediment. Apart from that, similar to sediment, the two compartments have large fugacity capacity, which means the fugacities of the two compartments are not likely to change a lot. Using the method we model contaminated sediment, we treated the two compartments as Pseudo-SS to give a snapshot of PBDEs’ behavior indoors. Specifically, we use measured PBDE concentration of the two compartments to calculate the fugacity  







Modelling PUF Furniture

*Daly and Wania, 2004 ES&T. 2004,38,4176-4186
Air
/

_____— Boundary layer
|

_ : Kpa
____—PUF material

Air filled pore PUF

space
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Presentation Notes
Puf material, air filled pore space within the puf, boundary layer above puf. 
http://www.doitpoms.ac.uk/miclib/browse.php?cat=16&list=mic&printable=1
Micrograph 579 and full record
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Estimated Emission Rate from Measured Air

Concentration
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PBDE Congeners
2C,,q = 420 pg/m3, 2C ., = 90 pg/m3 2E, =35ng/h, ZE ., = 5.4 ng/h
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Presentation Notes
Similar pattern, after computer replacement, the emission of all the congeners went down.the emission of the total congeners went down from 62.4 to 13.2 ng/h

Kemmlain, et al., 2003, Atmosph Environ, 37, 5485-5493:  TV housing set: 10.5 ng m-2 h-1



PBDE Congener Profile
before & after Computer Replacement

Old computer i New computer |

cw(-
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air
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- BDE-47 - BDE- 100 - BDE 153

Em|SS|on
(ng/h)
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S
Indoor Fate of P,BDEs — old computer
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Presentation Notes
Old computer, 7 PBDE, but ~75% BDE-99 
Air advection ~1/3 or 30% for 7 BDE
BDE-47 – 64%
BDE 153 – 31%



Indoor Fate of P,BDEs — old computer

Zhang et al. 2009 Environ Sci Technol 43: 2845-50
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Old computer, 7 PBDE, but ~75% BDE-99 
Air advection ~1/3 or 30% for 7 BDE
BDE-47 – 64%
BDE 153 – 31%



Influence of Bouncing
on the Furniture

Zhang et al. 2009 Environ Sci Technol 43: 2845-50
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Presentation Notes
Based on the Cpuf we measured, we add two more scenarios by increasing and decreasing the Cpuf by 1 order of magnitude. 
we take BDE 28 and 99 to illustrate the different effects on different congeners. For BDE 28, at lower puf concentration, the puf acts as a sink and increased pumping out will cause the air concentration decreased by 20% and media and high concentrations, PUF act as a source and pumping increase the air concentration by 35% and 300%
For BDE 99, which is less volatile, that means it is more likely to stay in PUF. At lower and medium concentration PUF both act as sink and pumping decreases the air concentration by 2% and 1.5 % respectively. At higher concentration, when PUF act as a source, pumping increased air concentration by 10%. 
By comparing the effect of pumping on the two congeners, we can see lighter congeners are more sensitive


AER & Computer Emission Rate
PUF as Source/Sink
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Sensitivity Analysis Result 2

SC Sensitivity to Estimated Em/ission Rate
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Advection)/Deposition)

Gas phase dominant
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IndoorPhthaIates

y
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Mass Film Carpet
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Gas-phase DEHP Release from Vinyl Tiles
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Model of DEHP Release into Room

yia= 0, TSP, Q @ A, ¥(t), TSP, Q

RrocessHisfgasEphaserdififilsion
Tihrough'stagnaniboundary layer

Xu &Y 2006 Environ Sci Technol 40: 456-4%1ond 28



Xu, Cohen Hubal, Clausen & Little 2009 Environ Sci Technol
43:2374-2380

¢ representation of the two-room model.

eData from CTEPP Study
o dechanistic fate model }

13/04/2011 Diamon
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CTEPP – Children’s Total exposure to Persistent pesticides and other persistent organic pollutants study
- 50 target compounds measured in 260 preschool kids in NC & Ohio


DEHP Emissions & Conc

0.20 : I . . . . Tt
—m— Concentration d__iai]i{io_m.
—o— Emission rate .f.,ﬂr—""f'
0.15 _ Kitchen 1.6
mﬁ I/ ._,_._._I—I—I
- .__,.,_Fr—'l“'“_
% I/ l"".f.f i
2 010 |wa" ey 5
C |'|‘_I .__,_,l-——."_._—.
'-g o T l-"’.f-f
U ./. i Main house
o 0.05- B O . -1.4
O Nou, 0000 oo, Kighen
© = T Bathroom
0.00 - @ O—0—0—0— -1.3
I I I I I ' I
0 100 200 300 400 500
Xu, Cohen Hubal and Little 2009 Time (days)
Enygy&%maalth Perspectives o

Emission rate (ng/m’h)



10

0-

. ljmulfg%ggoslsliln batween log (V) and log (Kol

log Kg i ()
P

Phthalate Partitioning

log K, _= - 1.06 logl - 330
R'= 0,07

BPAY

=

10

log Mg dust (M)
2 P P =

L
i

70 &5 &0 S5 &0 45

log V, mmHg)

a. Human skin

eData from CTEPP Study

I ! I ¥ I ! L

ngnm--mmugvp-m
R=
-
DEHP —
__ .
BEP g
DEF

4.0

Diamond

— —
-0 £H5 H0 HB H0 45

og V, (mmkig
h. st

Xu, Cohen Hubal and Little
Environ Health Perspectivesq’1




Use of Partition Coef to Predict
Concentrations
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2.5 1

DEHP

2.0 1

1.5 4
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0.5 1

—0— Daily intake {ug/'kg bw/day)

—— Production (100,000 tons/year)

0.0

1986 1688

. o 1990 1992 1994 1996
Correlation coefficient > 0.9, p<0.001

Year

T

19898

2000 2002

Helm D.2007 Correlation between production amounts of DEHP and daily intake. Sci

Total/Environ 388:398-391.
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Chemical Indoor Chemical Residence Annual

Emission Mass Time (Y) Release

(ug/m?d)  (mg) (%)
BPA 1.2-2.5 240 76 1.3
BBP 0.4-13.3 22 27 4
DEHP 4.3-7.7 17000 1175 0.1
PCB 0.8 600 800 0.1
PBDE 0.03-0.2 4.6 0.001

13/04/2011 Diamond 34



Take Home Messages

Indoor environment has many emission sources
Very small fraction of total mass is emitted

Emitted chemicals can have relatively high
concentrations & long residence times

— Minimal loss mechanisms

— Magnifying glass

Concentrations (related to exposure) are a function
of:

— Emissions (sources & source strength)

— Physical-chemical properties

— Room characteristics

— Within room partitioning & loss mechanisms (sinks)



Policies & Regulations:
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A Urban Fate
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Chemical Fate

13/04/2011

Diamond

Wu, Harner, et al

. 2005 */
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Concept introduced in 2000 by Diamond et al.
Organic film on impervious urban surfaces, formed through:
Condensation of primary & secondary organic aerosols
Deposition of particulates
Film can be a source of contaminants in urban environments
Compounds in the gas phase can partition with the organic film
The nature of the organic surface results in chemical exchange dynamics that are unique to urban settings.  Our work is geared at understanding the dynamics / processes so that useful models can be developed.


Chemical Fate in Cities

e Numerous emissions into a
relatively small geographic area

* Area is highly disturbed
— Impervious surfaces

— Altered drainage system that
maximizes rapid water conveyance
and not storage

— Compacted soils with elevated
contaminant levels

— Simple vegetative community

13/04/2011 Diamond

38



Environmental Compartments in City

Air
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Vegetation
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Film
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Diamond et al. 2001. Chemosphere, Priemer & Diamond 2002. ES&T

S.A. Csiszar, M.L. Diamond, L. Thibodeaux

I\/Iodgl/l??{éoﬁjrban films using a dynamic Multim&di5 Urban Model. In prep. *
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Presentation Notes
Max. conc. of 65 pg/m3 (0 km site, spring)
 Min. conc. of 0.4 pg/m3 (80 km north, summer)
 Avg. urban conc. of 15 pg/m3; avg. rural conc. of 5.6 pg/m3
 No seasonal trends in concentrations, however urban-rural gradients are steeper in spring/summer vs. autumn/winter.  In spring/summer downtown concentrations are ~50x higher than those at 40 km from city, while in autumn/winter, downtown concentrations are only 3x higher.



Environmental Compartments in City
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Diamond et al. 2001. Chemosphere, Priemer & Diamond 2002. ES&T
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Mass Balance Of Urban Surface Films

~0.7% Elemental
Carbon

18%Metals Unknown ~5%0rganic’
| |
16% Sulfates 16% Nitrates

~35% Aliphatic ~35% Carbohydrate ~20% Aromatic

L ~10% Carbony!l

Unknown Unknown

0.01% Dicarboxylic Acids (C6-C14)*
0.3% Alkanes (C9-C36)*

0.8% Monocarboxylic Acids (CQ'C?’O)* Trefers to Organic Carbon multiplied by a factor of 1.4 to adjust for the
molecular form of carbon species

0.02% PAH*

*values compiled from previous studies

Lam«etbal. 2005 Atmos Environ 39: 6578—6586n« 42



Film Accumulation

Film Thickness (nm)

200

150

100

50

PGB-1 Film Evolution

y=18999x
2 _ .
R*=0.7774 P
*
. LN
. *
* o
*
o ¢ o
L/ *
*e
20 40 60 80

Growth Days

100

Film Thickness (nm)

900
800
700
600
500
400
300
200
100

PGB-2 Film Evolution

y =2.6078x .
R?=0.9009 b
R
< / *
R ‘/ .
— .
> .0
/ ¢
D<Ak
50 100 150 200 250

Growth Days

Wu et al. 2008 Atmos. Environ. 42: 5696-5705
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Film thickness:
Bulk film mass determined gravimetrically
Thickness calculated by assigning film a density of 1 g/cm3



Film Thickness and Precipitation
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Organic Film

: Gas Phase Partitioning

|

<+—— Wet & Dry Deposition of
Particulates to Film Surface

» Reaction
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.
*
.
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.
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Film is formed by the deposition of gas-phase contaminants and secondary reaction products such as SOAs (secondary organic aerosols).
We are considering these processes


PCBs in Film

Rate of Film Mass & PCB Growth (PGB-2)
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Wu et al. 2008 Atmos. Environ. 42:

PGB-2 Study: PCB Mass Normalized to Film Thickness
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Accumulation & Removal
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M residual
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Wash-off & Solubility

% Washoff of PAH as a Function of Solubility
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Movement of PBDEs
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Emission 200-800 ng/m?/d
I:)7BDES Export 80% or 170-760 ng/m?/d
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Comparison of Loadings to Lake
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Summary: Material Flow Analysis

 Mass balance of products, chemicals, etc., across a
boundary

e Used here to quantify mass of products and/or
materials containing chemical of interest AND mass
of chemical of interest

* Need to know mass or inventory AND inputs and
outputs



Summary: Indoor Environment

e “concentrator” of emissions because of
numerous chemical emission sources and
limited loss processes (e.g., minimal air
exchange rate)

 Important to understand chemical sources
AND sinks (e.g., PUF furniture, carpet)

e Tiny fraction of SVOC is emitted from a very
large inventory (or mass)



Summary: Cities

e Cities are geographic “concentrators” of
resources, hence elevated concentrations in all
media (air, soil, water)

* |Impervious surfaces are coated with thin film that
“collects” atmospherically deposited chemicals

and facilitates movement back to air or to surface
water

* Most chemicals emitted to air in cities is lost by
advection, but also impervious surfaces promote
chemical mobility in comparison to soils that are
efficient chemical sinks



Policies & Regulations:
Product and Material Management
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