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Legacy POPs - Dioxins

Environ Sci Pollut Res (2008) 15:363-393 371

Fig. 2 Sources and reservoirs, Emission Sources

environmental transport and Activit Environmental E;[;?‘::;e

major human exposure path- ¥ Transport

ways of PCDDIFs Chlorine Thermal | Intergenerational |
Production (e.9. incineration, Atmosphere 3

Weber et al. 2008

(e.g. chlor- alkali,
historical processes)

metal industry,
industrial rlres:l

!

= |nhalation

Plants

Chiorine Use
(e.g. pulp & paper,
Ti0,, Magnesium)

Reservoirs
(e.g. contaminated
siles, landfills,
agricultural soil)

Product
Manufacture
(e.g. pesticides, flame
retardants, PCBs, PVCs)

f:

Animals/
Cattle

Products
(e.g. pesticides,
flame retardants,

PCB=, PVCs)

Fish &

Aquatic Shellfish

Food ingestion

Occupational

™ Accidental




Anthropogenic contaminants
in the soil system

¢

Organic Matter/Carbon ?

(a)
@L}@Me Mi

Mineral

Metals & ¢
Substanc

TOOLS?

’hysicochemical Properties




.QME{{.

< =
RRR
2 B2 &

Inventories contaminated sites in
Sweden

Sweden: 80.000 sites! 1.500 I-‘Jh Risk

—

Swedish-EPA

===

ESt_

K1

B EKlss 2

O Klass 3

B Klss 4

B Ovniga



HORTHERN SWEDEN
S0IL REMEDIATION CENTRE

)v( MCN The most common industrial activities —

soil contaminants highest risk class

Gasverk

oy
< o

Crrigt 8%
168%

‘fizehandling av
metaller
g%

Gnua och upplag
g%

Verkstadsindusin
o Fermtiatt

5%
Wood
impregnation
_ra'impriqnering Massa-och
15% pappersindustr
2%

Metallhanwering
fi%

"Saw Mills” 25%

"'\-\.\_\_\_ -
H_D'I_Ehantenng

™

\I Corg. kerrisk -
imadiurs fri
Sediment %

2%

Saw Mills

Swedish EPA, 2008



Sarig As

13%
=aH _ _
l - drsenik
M c N (Polyoykiska . .
NORTHERN SWEDEN aromatska "\_\
S0IL REMEDIATION CENTRE golvaien) \

E%

CHjor
The most common 2%
contaminants
Pb Halogensra
Hg 30% de kolviten

Foicksilver
A%

=)
7% ' 1%

The most common
metals

Fadmiurm
18%

= Hc;:par C d

Cu Swedish EPA, 200§



Typical polluted sites -Sweden , &
Umea

: .

- Tvaran and Gimonas ind.areas. -
PCB

- Obacka, former wood preservative
with chlorohenols (and dioxins)

- Bowater mechanical pulp factory.
L s v Mercury (Hg) in fibre sediments

7] o

% lirgegimant

- Holmsund, wood preservative with
kreosote kreosot (PAH) and €CA

(CUCr & As) !
- Piparbole forest nursery,

In ground water protectio




Saw Mills

e In Sweden, 500 dioxin contaminated sites
e Former wood preservation activities (chlorophenols)
e Chlorophenol, contained dioxins, banned 1970s.
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PCDDs PCDFs PCDEs
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X

PCPPs CPs

PCDDs: Dioxins - PCDFs: Dibenzofurans —
PCDEs: Diphenyl Ethers — PCPPs: Phenoxy
Phenols — CPs: Chlorophenols 9



Concentrations and composition (5 Sites)

Conc. Range "Typical” Range mg/kg dw

CPs 0,3 - 4 800 mg/kg dw

PCPPs <0.01 - 940 mg/kg dw

PCDEs <38 - 6 800 ug/kg dw

PCDFs 7,4 - 18 000 pg/kg dw

PCDDs 9,8 - 52 000 pg/kg dw
TEQs:
-100 — 1000 ng TEQ/ kg dw
Hot spots: 4%
100 000 — 200 000 ng F20%
TEQ/kg dw |

2548:3b
2548:2

2548:1
TCDF
PeCDF
HxCDF
HpCDF
OCDF
TCDD
PeCDD
HxCDD
HpCDD
oCDD

Persson et al, Chemosphere 2006 Soil profiles PCDFs & PCDDs at Sawmills
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«~, Swedish Industrial

History

Svartvik, Sundsvall
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Risk Assessment — Environmental Remedial
Actions - Costs? Risk Reduction?

Example Remediation Costs one site:
2,4 g TEQ =1 Million EURO

Total Sweden 5-50 kg TEQ
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~a'. Models for fate and exposure prediction:

(= J5
ARA
7 kil &

Fprs

Karin Wiberg
Mats Tysklind
Annika Aberg
Umea Universitet
Geo Innova AB

Matt MacLeod, ETH, Schweiz
Tom McKone, Californian EPA

Annika Hanberg, Karolinska
Institutet
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& Dioxin contaminated soils
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Vadose soil Sediment v
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Marieberg

e Severely dioxin contaminated soil
e Site-specfic measurements
e CalTOX
e Human exposure =
Remediation scenario e
>

ot

SeE T
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saw mill area

hot spot

store hous

open yard™

drying barn
7]\ youth

@ hostel

camping site
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Exposure pathways

Intake of soil particles outdoors

Inhalation of soil particles/dust outdoors

Intake of soil particles/dust indoors

Inhalation of soil particles/dust indoors

Inhalation of vapor outdoors

Inhalation of vapor indoors

Intake of plants

Intake of soil on plants

Intake of fish

Intake of meat

Intake of egg

Intake of milk

Intake of breast milk

Intake via drinking water

Intake via bathing water

Inhalation of vapors from water during bathing/showering
Dermal contact by drinking water during bathing/showering
Dermal contact by bathing water

17
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Dioxin exposure pathways at CP contaminated

site - model predictions (CalTOX)

ng TEQ/kg
10 100 1000 d.w. in soil
-
Intake of Intake of Inhalation of
meat/milk/egg soil outdoor air
Intake of root
vegetables
Intake of

ground water
Dermal contact

with soil

Internal uptake: 3 % for dermal contact, 50 % for intake of soil, 100 % for other pathways
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Congener pattern — markers of

exposure

Congener distribution: Reference

|| ——
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Aberg et al, ESPR, 2010
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Environ Sci Pollut Res (2010) 17:26-39 3

_ Congener distributions: Cases 0 TeCDD Congener distributions: Controls 0 TeCDD
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Fig. 3 Relative distribution patterns for the mean concentrations of 2378-substituted fetra-ocie CDDYFs in blood serum from a cases and b
controls and relative TEQ distribution for ¢ cases and d controls. Non-detected congeners are represented by half of the LOD



Relative toxicity of different

congeners (TEQ)

Tabell 1. Toxlska ekvivalent taktorer {TEFs) enligt WHO's expertqrupp 2005 (van den Serg & af, 2005).

Kongen TEF-Taktor Kongen TEF-faktor
23,7 A-TCDD 1 2,3,1.8-TCOF a1
1,2,3,7.53-PeCDD 1 1.2,3,7.8-PeCDF 3,03
1.2,3.4,7.8-HxCDD 0.1 2,3.4,7.3-PeCDF 0,3
1.2,3,7.8,2-HxCDD 0.1 1.2,2.4,7.8-HxCOF a,1
1.2,3,6,7.8-HxCDD 0.1 1,.23.7.8,8-HxCOF o,1
1.2,34.8.7 8-HpCDD 007 1,.2,3.8,7.8-HxCOF o,1
izoh 0,0003 2,3.4.8,7.8-HzCDOF o,1

1.224,0,7,8-HpCDF 0,01
1224,7.8,8-HpCDF 0,01
QCDOF 0,003

23



0ME4

:E: Mobility a critical factor

2

®|— Samples from chlorophenol
Ky-5 preservatives
Dow G
Chlorophenol spill Groundwater well
Sol surfaca (CP, PCPP, PCDE, PCDD/F)
Sorption of compoundsto  Clay mineral with ®
soil organic matter SOM coating Soil samples
(POM and DOM) {whole or separated into
POM and DOM)

. Figure 1. Conceptual view of soil
Feor A-oxwith ; [= processes that significantly influ-
SOM coating T LD ence the fate of chloroaromatic

4 compounds in the soil at sawmill
sites. The types of samples taken
in the studies of Persson et al. (9,
Bbwmur rammort of ' 34) and Frankki et al. (10, 35) are

water soluble compounds IJP: ) o - =
with 8ol water. . indicated by filled circles.
Co-transport of L.
compounds of low water il H ;
At Dosd 0 Frankki et al. Ambio 2007
i 6 T e R R R G S W (g o I AT (TS ELA L L T E D LA b P e o L e |

Compounds dissolved in I?: Groundwater sample

gmgg:‘water and sorbed Looo (separated into aquecus @

- o phase and particles)
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“=’. PCDD/Fs & CPs in particulate & “dissolved
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Drainage basin of b

the Baltic, Katte-
gat and Skagerrak
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The Baltic Sea - a

vulnerable ecosystem
highly influenced by human
activites

- 16 miljon people along the coast

- 85 miljon people /14 countries
including drainage area

- Transport Land to Sea?
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Dioxin levels in Baltic biota

have been constant since
mid 1980s. Trend Guillemot Egg

TCDD equivalents, ng/g fat, guillemot egg, early laid. St Karls6

Dioxin levels in fatty fish ...
exceed EU limits for food ...
and feed. 25l

20—

Why? T e M
Current direct emissions? | 7T

Previously contaminated
sediments?

Atmospheric deposition?
Or ...? 28
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Background:

|

nput vs. export Dioxins

Boreal Soils

Increased deposition during winter (snow)
Increased export during springflood (~80% of total export)

Fraction of annualamountof Y PCDD/F ,

60% -

50% A

40% A

30% A

20%

10%

0%

N Atm. dep.

“ Wat. exp.
| |II|-|IIIL

Dec
2006

Jan Mar Apr Maj Jun Jul Aug Sep Okt Nov
2007

(Bergknut, Wiberg, %toal., 2010)



Dioxins

in surface sediments

143 sites
210 000 43 400 72 tetra-octa CDD/F congeners
11 300
70
60° IR e == \?k'\‘ —
V/,t—f//{ . —— P | s ,!AT —
e 2 = e - I T~
— <SSO & —
=t - \%‘Q@@, ' ,
_ / = ] = &:\ : , /égi" = <
i«‘ _ e <&
- e ~ D> =
P O "/‘;i// @QQ P
e L E e 30
<S5 20&/" 1 400 pg/gd.w. Stetra-octa PCDD/Fs
Z L Z ]

Sundgqvist, Tysklind, Cato, Bignert, Wiberg. Levels and homologue profiles of PCDD/Fs in sediments along the
Swedish coast of the Baltic Sea. Environmental Science and Pollution Research, 2009
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Multivariate statistic tools used to reconstruct candidate source

patterns based on environmental data from receptor sites (e.g.
sediments) and quantify the contributions of these sources

General assumptions _
e Pollutants from | —
different sourcesare || —_~ -
added linearly at the el
receptor site {i 5 - -
e No degradation or —TH . =
other pattern changes SIEIEIE
Source B .
takes place Sediment X (receptor)
] Source A 10%
N —— Source B 45%

32



I n d U Stl‘i pl‘Ofi le r (fingerprints)

Pentachlorophenol soils Chlor-alkali soil
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Source fingerprints from receptor
modeling using PMF

A) Atmospheric deposition |
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Source

V=
D/

<)
D/

apportionment
using PMF

¥’ Bothnian Bay

C P~
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Receptor
modelling
sediment
cores

Figure I. Baltic Sea and the five
sampling sites

Anteneh et al, Organohalogen
Comp. 73, 2011
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Northern Sweden Soil Remediation
Center (MCN IO) - www.mcnio.com

e Research on soil contamination and
remediation technologies

e Collaboration stakeholders outside
academia

e Promoting international collaboration and
networking
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