Sweden

Sweden

Description of surveyed documents

As in the Netherlands the Swedish environmental protection agency darted to assess
dioxin emissons and to introduce abatement Srategies quite early. In 1985 a working
group was formed within the National Environmental Protection Board to formulate a
program deding with the dioxin problem and which was introduced to the public in
1988 <1». A firgt study 2> reported the total emission of PCDD/F into the atmosphere
to be between 98 and 218 g Nordic TEQ (NTEQ) in 1987 which manly was
generated by waste incineration processes (see table). Legidation from 1987 required
that dl new municipa waste incinerators emit less than 0.1 ng Eadon TEQ/Nm3. Older
plants aso had to lower their emissions towards this limit; hence, considerable decrease

of emissons could be stated in 1989.

On the formd request to the Swedish Nationd Environmenta Authorities a table
containing air emission data for the years 1987, 1992 and 1995 was submitted (see
table). For this compilation essentialy the same source categories had been considered,
but emissions to water caused by paper and pulp industry were added. In contrast to
the data shown in the table emissons from waste incineration were reported to be only
20 - 30 g NTEQ in 1987. The edimate for emissons caused by the entire meta
industry had been reduced to 45 g NTEQ/a (which amounts up to 70 g NTEQ/ain the
table).

Meanwhile, the various research activities initiated by the Nationa Environmenta
Protection Board are put together under the title ,Swedish Dioxin Survey”. One
objective of this survey - which has not yet been finished - isto identify mgor sources of
PCDD/F and to edtimate their emissons into the environment. First results concerning
this topic had been published in 1993<3>. On request the responsible indtitute submitted
adraft verson of Part 2 of the surveys find report«4>. 1t will be used for this European
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Inventory because it comprises the most comprehensive data base concerning dioxin
emissons in Sweden today.

In this survey emissons to air but aso emissons associated with wastes, residues and
wadte water and - as far as possble - with distribution of contaminated products are
considered (see table). Actudly, alarge part of the report put the main focus on sources
and processes contaminating the environment through these pathways. In particular,
some speciad research was made regarding the formation of PCDD/Fs during
chlorination of drinking water. In addition, extensve invedtigations of the role of
household activities (dishwashing, laundry) as a probable source of PCDD/F in waste
water and sewage dudge are reported. Because these sources are not covered by the
gructure of the CORINAIR source ligt, the main results of these experiments are
referred to in the respective chapter Volume 2 of this study

1987 1989
Energy from Waste 50 - 100 10
Hospital waste 10 10
Hazar dous waste 2-6 2-6
Iron and sted 15-40 | 15-40
Iron foundries 1-10 1-10
Non ferrous metals 5-20 5-20
Cement/lime 5-10 5-10
Pulp and paper 4-6 4-5
Power stations (Coal) 1 1
Cars 5-15 5-15
Total 98-218 |58 - 127

Estimates of dioxin emissionsto air in Sweden

Regarding the PCDD/F-sources investigated within the Swedish Dioxin Survey
generdly a brief description of processes, sampling procedures and anadlyss data
including congener profiles are given. In most cases, samples taken from production
residues and wastes, that is dudge, dags, filter ashes, had been analysed with respect to
their content of coplanar PCBs (concentrations are given in PCB-TEQ according to<5»,
see table). The results are discussed comparing with information from measurements

done gpart from the survey and/or in foreign countries.
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SOURCE 1987 1992 1995, estimated
Waste incineration 20- 30 2 2
Hospital ovens 10 0.5 0.5
Hazar dous waste incineration 2-6 0 0
Traffic 5-15 5-12 5-10
Pulp & paper industry
-toair 4-6 1-2 4-5
- to water 15-30 2 1-2
Metal industry 20 - 45 9 8.5
Cement and limeKkilns 5-10 2 1
Power plants (coal fired) 1 1 1
SUM 82-153 | 24.5- 335 23-30
S Dischar ges from known larger sourcesin gram TCDD equivalents

(Nordic modd!); data submitted by Swedish EPA on official request

In addition, for a certain range of source types no information was gained within the
Swedish Dioxin Survey program but estimations are made on the basis of previous
measurement or literature data. Here the information on bass data (measurements,

datistica activity data) is quite poor and only tota emisson estimates are given.

As in mogt inventories from other countries the potentid PCDD/F emission sources in
the Swedish Dioxin Survey are arranged according to industrial or economic sectors.
For the approach chosen for the present study this leads to the problem that in some
cases emission esimates are given rather for the entire sector than for individua source
types. In the following CORINAIR rdated summary of the Swedish survey such
aggregated data have been split into the CORINAIR source types as far as possible.

So far, the Swedish Dioxin Survey comprises no standardised scheme for indicating the
confidentiad level of activity rates and emisson factors used for emisson estimation.
However, in many cases emission ranges are reported which are based on best-case or

worst case assumptions. Therefore comments on data qudity have been added for the

present sudy if necessary.
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CORINAIR I TEM Emission estimates g
SNAP I-TEQ/a
typ min | max

SUM 36.4| 13.2| 157.0,

01 Combustion in Energy Production and Energy 06| 0.2l 19
Transformation

02 Combustion in Commercid, Residentid... 51/ 2.2 123
03 Combustion in Industry 14.3] 8.0 29.3
04 Production Processes 3.6/ 04 15.1
05 Extraction and Digtribution of Fossi| Fuels nd nd nd
06 Solvent and Other Product USE nd nd nd
07 Road Transport 0.6/ 021 23
08 Other Mobile Sources and Machinery 08 0.1f 7.2
09 Waste Treatment and Disposal 35 13 97
10 Agriculture, Forestry, Land use change nd nd nd
11 Nature nd nd nd
12 Fires 7.9 0.8 79.1

S annual PCDD/F AIR emissions (nd: no data available)
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T Pretiminary estimates of PCDD/PCDF emissions from various sources in Sweden during 1993
given in grams of Nordic TCDD equivalents (NTEQ). Please note that several sources have not yet been
estimated and are not included (textile industry, dry cleaning etc.).

S.

INDUSTRY TO AIR TO WATER | IN WASTES | IN PRODUCTS
Bleached kraft pulp 1 1.5-5 03-6.6
Recycled paper pulp 2.8
Chloralkali plants 0.28 - 0.6 0.25
Mercury distillation 0.000005 0.003 0.004
Sewage sludge 0.11 2.9 1.5
Steel mills 1.6 -4 8.2
Scrap steel mills 0.4-15 20
1° non-ferrous smelters 0.13 - 0.27 0.38
2° non-ferrous smelters 4.3 2.1
Foundries 0.007 - 0.49 0.82-15
Cement kilns - gases 0.07-1.3
Cement kilns - dust 0.28
Lime burning - 1° prod. 2-25
Lime burning - industrial use 0.5-19
Ceramic salt glazing 0.02
INCINERATION
Glassfiber waste 0.00006
Municipal waste 3.0 0.6-2.4
Hazardous waste 0.007
Hospital waste 0.001
Cremation 0.37-0.73
Uncontrolied landfill fires 2.8-30
Illegal metal reclamation ? ?
HEATING/ENERGY
Qil 0.1-25
Coal 0.61
Natural gas 0.04
Woodburning stoves 2.1-9.8
Other biofuels 1.4-77
TRAFFIC
Ferries (gas oil, heavy oil) 0.63
Planes (aviation fuel) 0.02 - 0.86
Vehicles - diesel 0.073 - 0.15

gasoline - leaded 0.009 - 0.97

gasoline - unleaded 0.14 - 0.27
TOTALS 21.6 - 88 1.6-5.1 35-52 4.6 - 11

PCDD/F emission estimates accor ding to the Swedish Dioxin Survey<4»
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0101-030105

Combustion for Heat and Energy Production

0101-030105
Combustion for Heat and Energy Production

General remark:

This source was not studied within the Swedish Dioxin Survey. Some information about
fud useis given. Cod is burned mainly in power plants, the mgority of heeting ol is
used in households and centrd hegting boilers; except about 5 % which is used for ships
and ferries. Nothing is said regarding to the type of ingtalations consuming naturd ges.
On basis of the mentioned data only cod consumption is consdered here; emissions
caused by burning the other fuels is considered under ,,02 02 05 domestic combustion®
and 08 04 ,, maritime activities*, repectively.

Considered pathways or media:
Air

Plant data:
No information on numbers or technica facilities or about fossl fudled indusrid

furnacesis given.

Measurements:

No datafrom Sweden

National activity rates:

Y ear 1990 | 1993
coal consumption [kt/a] |2,139 | 1,752
S Combustion for Heat and Energy Production; activity rates

Estimation of uncertainty:
As no Swedish measurements exist, the index ,,1“ is proposed here regarding the

emission factor.
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0101-030105

Combustion for Heat and Energy Production

Activity rates 0
emisson factors 1
total uncertainty |1
S Combustion for Heat and Energy Production; activity rates

Emission factors:

An emission factor of 0.35 pg/t as reported in the Dutch inventory is used.

Estimation of annual emission:

Y ear 1990 1993
Annual emisson [gI-TEQ] [0.75 0.61
Margin of uncertainty 0.23-2.3]|0.19-1.9

S Combustion for Heat and Energy Production; annual PCDD/F emissons
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02 02 05

Other equipments (stoves, fireplaces, cooking...)

02 02 05
Other equipments (stoves, fireplaces, cooking...)

General remark:

Consdered hereis the domestic burning of hegting oil, natural gas and wood

Considered pathways or media:
Air

Plant data:

No information is given about facilities for burning oil or natura gas. Regarding wood
burning stoves it is stated that most of them are not equipped with high temperature
chambers. From 767,000 households being capable of usng wood burning boilers and
stoves as primary heating source about 516,000 are assumed to do so. Additiondly,
386,000 households have facilities used as secondary heating sources.

Measurements:
Measurements performed at wood burning facilities with high temperature chambers
have been reported by the Swedish EPA<6>; details are not given in the report

summarised here.,

National activity rates:

Consumption rates for the different types of fuels are asfollows:

Y ear 1990 1993

light ail 2,940 2,492 kt/a
heavy ail 2,280 2,587 kt/a
natural gas 660 850 Mmd/a
wood 3,000 - 6,900 | 2,100 - 4,900 | kt/a

S Other equipments (stoves, fireplaces, cooking...); activity rates

Emission factors:

Heating Oil:
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02 02 05

Other equipments (stoves, fireplaces, cooking...)

Taken from the literature; emission factors of 0.017 pg/me <> and 0.5 pgI-TEQ/t B>
are used

Natural Gas:

The emission factor 0.05 ng I-TEQ/m3, as reported by Broker <7> is adopted.

Wood:

The test results indicate an emission factor range of 35.7 - 53.6 pg I-TEQ/kWh (10-15
pg I-TEQ/MW). With an average energy content of wood of 1.24 MWh/m? and an
upper limit of wood dendty (0.22 to 0.5 t/m3, depending on the water content) an
emission factor range of 0.13 - 0.3 ug/t is caculated for stoves working at eevated
temperatures.

(Comment: emission factors could be calculated more directly usng conversion factors
of 2.4-5.4 MWh/ton wood which reflect the different water content. Thiswould result in
emisson factors ranging from 0.086 g/t to 0.298 pg/t).

Comparing with results from foreign studies <7>, <8, <9, <10> generdly reporting higher
emission factors and having in mind that most of the Swedish stoves operate at lower
temperatures overal emisson factors ranging from

1to 2 pg/t are obtained.

Estimation of uncertainty:
Congdering the activity rates to be exactly known, an uncertainty is introduced by the
emisson factor. Thisleads to the following indication:

Activity rates 0
emisson factors 1
total uncertainty |1
S Other equipments (stoves, fireplaces, cooking...); indices of uncertainty

However, snce the Swedish survey reports ranges for activity rates and emisson

factors, these values are used here for further caculation.

Estimation of annual emission:

With the data mentioned above, following emissons are estimated:
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02 02 05

Other equipments (stoves, fireplaces, cooking...)

1990 1993
heatingoil [0.1-2.6 |0.1-2.5
natural gas |0.03 0.04
wood 3-13.8 [2.1-9.8
S Other equipments (stoves, fireplaces, cooking...); annual PCDD/F

emissions[g N-TEQ]

Comment:
No information is given on the possible burning of trested wood; the emissons are

regarded therefore to be valid for burning of clean materia only.
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030106

Other gtationary equipments (combustion of special fuels)

030106
Other stationary equipments (combustion of special fuels)

General remark:
Data are available for ,,biofues*, including wood, woodchips, peat and different types of
industrial wastes.

Considered pathways or media:
Air

Plant data:

Facilities for burning the biofuels mentioned above are assumed to have smoke-stack
gas deaning systems, thus being comparable to those ingdlations that have been
investigated by S-EPA.

Measurements:

see 02 02 05

National activity rates:

TWh/a |kt/a

1990 53 9,300 - 21,400
1993 64 11,000 - 25,800
S Other stationary equipments (combustion of special fuels); activity rates

The tota energy consumption given in TWh/a is converted to mass consumption

assuming that the whole fuel conssted of wood.

Emission factors:
The emission factor of 0.13 - 0.3 pg I-TEQ/t as reported by S-EPA (see 02 02 05) is

used for emisson esimation
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03 01 06

Other gtationary equipments (combustion of special fuels)

Estimation of uncertainty:
Congdering the activity rates to be nearly exact, an uncertainty is introduced by the
emission factor. However, smilar to the previous category the reported ranges are used

for the emisson estimation instead of the index-based gpproach:

Activity rates 0
emisson factors 1
total uncertainty |1
S Other stationary equipments (combustion of special fuels); indices of

uncertainty

Estimation of annual emission:

1990 1993
gl-TEQ/a |1.2-64 |14-7.7
S Other stationary equipments (combustion of special fuels); annual

PCDD/F emissions

Comment:
Emissons are likely to be underestimated congdering the different type of fuds and the
possihility that they might contain contaminated parts.
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Sinter plants

030301
Sinter plants

Considered pathways or media:
Air

Plant data:

In Sweden, one snter plant equipped with a cyclone dust collector (location:
Oxeosund) and 3 pdletising plants (location: Kiruna, Svappavaara, Mamberget) are in
operation. The sinter plant is to be closed down in 1995.

Measurements:

Smoke stack gases from the snter plant were measured in 1990 to contain 0.86 ng
NTEQ/m3 (mean of two measurements, 0.46 and 1.3 ng NTEQ/m?). Measurements
were aso peaformed a the peletisng plants but no flew gas concentrations are
reported. Coplanar PCBs have not been measured in flew gases

National activity rates:

The Swedish survey provides no data; however from given emisson factors and
emisson esimates a recaculation could be made indicating an annud activity rate of
1,300 kt, most probably referred to consumption of iron ore. Similarly, for the
pelletisng ingalations a consumption of 3,300 kt of iron oreis calculated.

Emission factors:
The range of emission factorsis said to be 1 - 2.8 pg/t (referring to sinter materia?) for
the sinter plants, for pdletisng plants, emisson factors of 0.024 and 0.01 ug Eadon

TEQ/t iron ore are given.

Estimation of uncertainty:
Despite the exact values of the activity rates are not reported it is assumed here, that
they have been known quite exactly when caculaing the PCDD/F emissons. Since the
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030301

Sinter plants

mgjority of the plants have been investigated an index of ,,0" is aso gpplied regarding

the emisson factors.
Activity rates 0
emisson factors 0
total uncertainty |0
S Sinter plants; indices of uncertainty

Estimation of annual emission:

annual emission

snter plant 1.3-37 gNTEQ/a
pelletising plants | 0.04 - 0.11 | g Eadon/TEQ/a
S Sinter plants; annual PCDD/F emissionsto air

The low emissons from the pelletising plants would be even lessif expressed in NTEQ.

Comment:

The data base regarding this very important source type is quite poor; however,
reported emissons are of the same order as reported from plants in other countries. Air
emissions from the whole iron and sted industry were dominated by the sinter plant; this
will change largely after the plant's closure.

S14



Sweden
030303

Grey iron foundries

030303
Grey iron foundries

Considered pathways or media:

Air, resdues

Plant data:

50 larger companies with more than 5 employees and an unknown number of smaler
facilities were in operation in 1993. Three iron foundries using induction furnaces and
one foundry using a cupola furnace (with recuperator for flew gas combustion) were

investigated within the Swedish Dioxin Survey.

Measurements:

Smoke-stack gas samples and diverse samples of solid residues have been collected.
The flew gas concentrations measured ranged from amost zero (0.00004 ng NTEQ/m?,
cupola furnace) to 0.036 ng/m® measured a one of he induction furnaces. Diffuse
emissions connected with the operation of the cupola furnace have not been quantified.
Concentrations found in the solid samples are shown in the following table:

Furnacetype |sampletype PCDD/F

[pg NTEQ/g]
induction Filter dust 23,000
induction exhaugt dust from ventilation ducts 11
induction shake out filter dust 0.93
induction surface swipe from working hall 970 pg/dm?
cupola scrubber dudge 440

S Grey iron foundries, measur ement results

Additiondly, the PCB content in the scrubber dudge sample was determined to be 110
pg PCB-TEQ/g.

National activity rates:
Tota production of castings amounts to about 310,000 tons per year; of thistota, 84 %
or 260,400 tons are produced in iron foundries and 4 % or 12,400 tonsin
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030303

Grey iron foundries

ged foundries. Estimates of the annua amounts of solid resdues production are shown

in the following table.

Type of resdue | Annual production | comment
[tong]
scrubber dudge 1,800 approx. 50 % produced by the investigated
foundry equipped with cupolafurnace
sand waste 150,000 - 200,000
filter dust 600
dlag 31,000 not analysed

S Grey iron foundries; activity rates

Emission factors:

Air:

From the minima and maxima concentrations obtained emisson factors ranging from
0.01 to 3.5 pg NTEQ/ton castings may be evaluated. However, the caculations of

emissons are made with the following vaues.

Parameter Emission factor
[Hg NTEQA]
Minimal 0.02
Maximal 19
geom. mean 0.41
arithmeticmean | 0.86
S Grey iron foundries, emission factors

Here the emissions found for the cupola furnace/recuperator were disregarded.
Residues:

The measured concentrations serve as emission factors directly.

Estimation of uncertainty:
The emission factors used cover a range of two orders of magnitude; the activity rates

are consdered to be exactly known.

Activity rates 0
emisson factors 2
total uncertainty |2
S Grey iron foundries; indices of uncertainty
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0303 03

Grey iron foundries

Estimation of annual emission:

Air:

For caculation of the total emission the annud production of the cupola furnace foundry

(about 60,000 tong/a) was subtracted from the national production of castings (310,000

tonga) to give 250,000 tons. Obvioudy, this vaue includes the production of non-

ferrous metal castings and is used erroneoudy by the authors of the Survey. Taking this

wrong production rate the emission is estimated to be
0.007 - 0.409 g NTEQ/a
Including stedl cadtings, a production rate of 212,800 tons/a may be a better base for

emisson edimation. With the emisson factors shown above (geom. mean) the

atmaospheric emissons from iron foundries in Sweden is therefore estimated to be

gl-TEQ/a

annual emission

mar gin of uncertainty

0.087
0.009 - 0.87

S Grey iron foundries, annual PCDD/F emissionsto air

Edtimates for PCDD/F and PCB emissions viaresdues are given as follows:.

Typeof resdue | Annual emissons comment
[g NTEQ/a; g PCB-TEQ/a]

scrubber dudge 0.79;0.2 placed in deposition Stes,
location not given

sand waste 0.02;7? placed in deposition Sites,
location not given

filter dust 0.007-14;7? placed in deposition Sites,
location not given

slag ?;7? not anaysed

S Grey iron foundries, annual PCDD/F emissionsvia residues
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030304

Primary lead production

030304
Primary lead production

General Remark:

See 03 03 06
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030305

Primary zinc production

03 03 05
Primary zinc production

General Remark:

See 03 03 06
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03 03 06

Primary copper production

03 03 06
Primary copper production

Considered pathways or media:

Air, residues

Plant data:

A primary smdter is described producing diverse non ferrous metas with copper being
about 50% of the products. The plant uses ores and secondary materialS(eectronic
scrap and plastic covered cables aswell). It is alarge and complex operation conssting

of numerous activities (90 emission points).

Measurements:

Samples were taken from different steps in the complex processes applied. These
comprise smoke stack gas samples from a converter plant (Copper process), dag
fuming plant (zinc and lead recovery), clinker plant (separation of mixed lead and zinc
oxides) and sulphuric acid and sulphur dioxide plant (central gas cleaning system). In
addition, dudge samples from a venturi scrubber at the so-called lead kado shop, filter
dust from the clinker plant and dudge from the waste water treatment plant were
anaysed.

Emisson point PCDD/F
[Nng NTEQ/m3)

Converter plant 0.001

Sag fuming plant 0.01-0.04

Clinker plant 0.19-20

Sulphuric acid plant 0.00002

Sulphur dioxide plant 0.0007
S Primary copper production; measurement results
Emission point sampletype |PCDD/F PCB

[Pg NTEQ/g] |[pg PCB-TEQ/q]

L ead kaldo shop Venturi dudge 1,500 160
Clinker plant filter dust 440 20
Waste water treatment plant | dudge 25 34
S Primary copper production; measurement results
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03 0306

Primary copper production

National activity rates:
The plant considered here produces about 350 kt per year of primary products
(copper, lead, zinc, precious metals).

Emission factors:

Emission factors are not mentioned explicitly in the report.

Estimation of annual emission:

Emissions are actualy associated with smoke-stack gases (0.13 - 0.27 g NTEQ/a) and
with the waste water dudge (0.35 g NTEQ/a and 0.05 g PCB-TEQ/a) which is
dumped on an open depodtion Ste on the industry grounds. Venturi dudge from the
lead kado shop and filter dust from clinker plant are internaly recycled and thus do not

calse emissons.

Estimation of uncertainty

According to the authors an underestimation of total emission from the considered plant
is assumed, because less than 50% of emisson points are monitored and fugitive
emissions of contaminated dusts have not been assessed.

Comment:
Because the production rates of the diverse metals are not given in detail, only an overdl
emission factor might be recadculated from the estimated emissions and the total output

of the plant complex. However, thisis not considered to be ussful.
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Secondary lead production

03 03 07
Secondary lead production

General remark:

The secondary production of non ferrous metals in Sweden is surveyed as a whole in
the Swedish report. Therefore, it is difficult to assgn the given information to the specid
CORINAIR source categories in dl cases. About 18 facilities in the secondary non
ferrous metal indudtries are known in Sweden, 8 larger requiring nationd licensing and
10 smdler ingdlations. Total production amounts to 370,000 tons per year. Air
emissons for dl instalations together are estimated to be 4.3 g NTEQ/a for 1991 and
4.9 g NTEQ/afor 1993. Viawaste streams 2.1 g NTEQ/a PCDD/Fs and 0.12 g PCB-
TEQ are emitted annudly.

Considered pathways or media:

Air, residues

Plant data:
One lead-producing plant is mentioned in the report, no technica or other plant related

information is given

Measurements:

No specific measurements at lead producing plants are reported

National activity rates:

No data given in the Swedish survey; from metal satistics a production of 91,200 tons
of lead is reported for 1992. On basis of the reported emisson factor and the annual
emisson the activity of the investigated plant is recaculated to be 45,236 tons and thus

accounts for more than 50% of the total.
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03 03 07

Secondary lead production

Emission factors:
An ar emission factor of 19 ug NTEQ/t is given for one plant that has been measured
gpart from the Swedish Dioxin Survey.

Estimation of uncertainty:

Without having any data on other plants and on additiona measurement results, the
emisson factor has to be consdered as being quit uncertain. At least an index of ,, 1
should be applied. With the activity rates taken from metd dSatidtics (index ,,0°)
following estimate results:

Activity rates 0
emisson factors 1
total uncertainty |1
S Secondary lead production; indices of uncertainty

Estimation of annual emission:
From the reported emission factor and the tota production the total annua emission into

the atmosphereis calculated to be

g!-NEQ/a
annual emission 1.73
margin of uncertainty | 0.54 - 54
S Secondary lead production; annual PCDD/F emissionsto air

Nothing can be said with respect to emissions via production residues and wastes.
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030308

Secondary zinc production

030308
Secondary zinc production

General remark:

The secondary production of non ferrous metals in Sweden is surveyed as a whole in
the Swedish report. Therefore, it is difficult to assgn the given information to the specid
CORINAIR source categories in dl cases. About 18 facilities in the secondary non
ferrous metal indudtries are known in Sweden, 8 larger requiring nationd licensing and
10 smdler ingdlations. Total production amounts to 370,000 tons per year. Air
emissons for dl instalations together are estimated to be 4.3 g NTEQ/a for 1991 and
4.9 g NTEQ/afor 1993. 2.1 g NTEQ/a PCDD/Fs and 0.12 g PCB-TEQ are emitted

annudly viawaste streams.

Comment:

No data are given specifically related to zinc production
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Secondary copper production

03 0309
Secondary copper production

General remark:

see 03 03 08

Considered pathways or media:

Alir, resdues

Plant data:

Of the above mentioned 18 plants two of the larger ones are described in more detail.
They are located at Véasterds and Finspang producing copper goods. Relatively clean
scrap is used as input materid. Another plant located a8 Mdlndd produces duminium
and copper and is considered under 03 03 10.

Measurements:

Anayses have been made at samples from a briquetting furnace and a combined smelter
and casting furnace operating at Vageras. From the smelter in Fingpang smoke stack
samples have been taken at the combined meting and casting furnace.

The PCDD/F concentration range in smoke-stack gases was found to be 0.03 - 0.027
ng NTEQ/ns; filter dust from the briquetting furnace contained 12 ng NTEQ/g
(PCDD/F) and 1.3 ng PCB-TEQ/g (PCB).

National activity rates:

The two plants investigated produce 61 kt/a and 48 kt/a, respectively.. Tota secondary
copper production rates are not given in the report. However, by comparison to data
avallable from metal gatistics (101.6 kt secondary copper in 1992) follows, that a the
two plants dmost the entire national production of secondary copper takes place.
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030309

Secondary copper production

Emission factors:

Emission factors of 0.024 pg/t and 0.04 pg/t could be derived from the measurement

results. Additionally, based on previous studies an emisson factor of 2.7 pg/t for a
copper and brass smedlter is reported. Since the corresponding activity rate must nearly

be negligible, this emisson factor is disregarded for the following calculation.

Estimation of uncertainty:
No indices of uncertainty are applied here since the emissions from the entire production

of secondary copper may be described by the range of emission factors found.

Estimation of annual emission:

For secondary copper production no specific figures are explicitly mentioned in the
report. For the investigated ingtdlations it can be caculated, that the air emissons range
between 0.026 g NTEQ/a and 0.29 g NTEQ/a. These emissions may be indicated as
the nationa emissions for the source type considered here.

Filter dust isrecycled in another smelter plant and hence does not cause emissions.
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030310

Secondary aluminium production

030310
Secondary aluminium production

General remark:

The secondary production of non ferrous metals in Sweden is surveyed as a whole in
the Swedish report. Therefore, it is difficult to assgn the given information to the specid
CORINAIR source categories in dl cases. About 18 facilities in the secondary non
ferrous metal indudtries are known in Sweden, 8 larger requiring nationd licensing and
10 smdler ingdlations. Total production amounts to 370,000 tons per year. Air
emissons for dl ingtalations together are estimated to be 4.3 g NTEQ/a for 1991 and
4.9 g NTEQ/afor 1993. 2.1 g NTEQ/a PCDD/Fs and 0.12 g PCB-TEQ are emitted

annudly viawaste dreams.

Considered pathways or media
Air:

Plant data:

Two auminium smelters located in Mélndal and Almhult are described in the survey.
The firg plant partly uses mixed raw materias and produces copper goods dso. The
Almhult plant is a secondary aluminium smeter using rotating furnaces. The melted scrap
is covered by a At layer, which forms a sdt dag together with scrap contaminants. This
dag is deposited a the city landfill. Flew gases are cleaned by bag filters. The melted
meta from the rotating furnaces is trandferred to a combined refining and casting
furnace. Nitrogen and chlorine are used for cleaning the metd prior to dloy addition.
Exhaust gases are treated by an venturi scrubber.

Besides the two plants at least one facility for secondary auminium production exist with
areported emission factor.

Measurements:
Measurements have been performed at the two described plants. Samples have been

drawn from different emission points and partly under different operation conditions:
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Smoke-stack gases of the Almhult plant have been previoudy analysed apart from the
Swedish dioxin survey.

Hant Input material Sample type PCDD/F PCBs
[ng NTEQ/m?] | [pg PCB-
or TEQ/q]
[pg NTEQ/q]

Mdlndal | Aluminium and Smoke-stack gases 0.055 NA

brass

Aluminium only Smoke-stack gases 0.019

Brassonly Smoke-stack gases 0.053 NA
Aluminium and Filter dust 9,700 NA
brass

Almhut | Aluminium, rotating | Salt dag 11 0.58

furnace

Aluminium, rotating | Filter dust 3,000 200
furnace

Aluminium refining | Venturi scrubber 4,800 370
and cadting furnace | dudge

S Secondary aluminium production; measur ement results

National activity rates:

No nation-wide data are given; the production of the plants under investigation was
15,000 tons auminium (Almhult) and 6,000 tons copper/1500 tons auminium
(MdIndd), respectively.

A totd production of 22,100 tons secondary aluminium is reported from 1992 meta
datistics.

Emission factors:

Air:

For the Mdlndd plant a factor of 17 pug NTEQ/t is reported; however, this emisson
factor is an integrated value reflecting copper and duminium production. Previous results
obtained for the Almhult facility showed an emisson factor of 100 pg NTEQH!.
Additionaly, an emisson factor of 7.3 pg NTEQ/t is reported for another plant not
invesigated in the survey. Thus, emisson factors found for Swedish secondary
auminium plants range from 7.3 to 100 ug NTEQ/t.
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No emisson factors are evaluated for emissions associated with filter dust and dags.

Estimation of uncertainty:
Since the emissions corresponding to a large part of the annual production are evauated
directly (see below) no indices are applied here.

Estimation of annual emission:

Air:

Annua emissions are given explicitly for the two measured plants and amount to 0.13 g
NTEQ/a and 1.5 g NTEQ/a for the Mdinda and Almhult plant, respectively. No
informetion is given how much of the Mdlndd emissons are associated with duminium
production. However, this contribution may be estimated by comparing the relation
between concentrations found in smoke-stack gases when producing only auminium
(0.019 ng NTEQ/m?) or only brass (0.055 ng NTEQ/m?) taking into account the
respective annua production rates (1500 /6,000 t). It follows that secondary aluminium
production contributes with 11.2 mg NTEQ, while copper production is responsible for
more than 90% of the emissions.

Emissons for the for the remaining 5,600 tons of produced duminium is estimated using
the emission factor range given above and ranges from 0.04 to 0.56 g NTEQ. Hence,
total emission from the source category consdered here may be

1.55t02.07 g NTEQ/a

Residues:

From the concentrations found in filter dust samples the authors of the Swedish survey
estimate tota emissions for the non ferrous smelters to be 2.1 g NTEQ/a and 0.12 g
PCB-TEQ/a. This estimation includes copper production in the Mélndd plant; due to
lack of sufficient deata a re-evauation of the emissons connected with auminium

production only seems not possible.
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030311
Cement

Considered pathways or media:
Air

Plant data:

Three plants exist in Sweden

Measurements:

An extensve study on smoke-stack gas emissons was peformed in 1989 by the
Skovde cement plant. Concentration ranged between 0.003 an 0.1 ng NTEQ/m? (14
samples, mean 0.035 ng NTEQ/m?). Additiondly andyses within the Swedish Dioxin
Survey compared quite well to these results indicating a concentration range of 0.005 to
0.1 and amean of 0.039 ng NTEQ/m?.

A filter dust sample taken at the plant in Slite contained 510 pg NTEQ/g PCDD/F and
0.57 pg PCB-TEQ/g PCBs. Only the finest of three dust fractions was anadlysed in this

case.

National activity rates:

Annua production rates given in the report are as follows:

Pant 1990 |1993

Site 1,650 | 1,650

Skovde 568 | 360

Degerham 130 | 230

Total 2,348 | 2,240
S Cement; activity rates

In order to make an estimation of emissons associated with operation interrupts dust

emissions caused by these conditions are listed:
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Plant 1990 |1993

Slite 550 | 450

Skovde 110 | 50

Degerham 30 40

Total 690 | 540

S Cement; annual PCDD/F emissions of processrelated cement dust [t/a]

Emission factors:

Air:

From the Survey results mentioned above emission factors ranging from 0.03 to 0.56 pg
NTEQ/t are derived by relating the annua emission of the Skdvde plant (0.018 - 0.32 g
NTEQ/a, way of caculation not explained) to its annua production rate.

Interrupt emissions:

The concentration in filter dust found serves as emisson factor directly.

Estimation of uncertainty:
With the given range of emisson factors an uncertainty index of ,,2* is appropriate for
this parameter, while production statistics are taken as being accurate.

Activity rates 0
emission factors 2
total uncertainty |2
S Cement; indices of uncertainty

Estimation of annual emission:

Air:

On basis of the production rates and the emisson factor range the annua PCDD/F
emission into the atmosphere is estimated to be 0.07 - 1.3 g NTEQ/a with a typical
value (geom. Mean) of 0.3 g NTEQ/afor 1991 aswell asfor 1993.

Additiondly, emissons during production interrupts have to be consdered. Assuming
that the entire dust emitted during production interrupts conssts of the fine fraction; then
emissions of at most 0.350 g NTEQ and 0.00039 g PCB-TEQ (1991) and 0.275 g
NTEQ and 0.00031 mg PCB-TEQ (1993) are estimated.
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Comment:

The authors add the remark, that filter dust usudly is returned into the production
process, hence, the product itself, cement, might be contaminated with PCDD/F and
PCBs.
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030312
Lime (incl. iron/sted ind. and Paper pulp ind.)

Considered pathways or media:
Air

Plant data:

There are Sx mgor lime plants in Sweden that produce and sdl burned lime. In
addition, burned lime is produced at severd indudtries for their own use, that isin sted
plants (2), bleached kraft pulp mills (15) and sugar refineries (4). The latter use lime for
CO2 generation which is used in the sugar making process. Hence no exhaust gases are

emitted from these plants.

Measurements:

Within the Survey, two smoke stack samples from one plant were andysed;
concentrations were 0.0034 and 0.0075 ng NTEQ/m?. More data exist from previous
measurements a al ax lime plants with a concentration range of 0.01-0.03 ng
NTEQ/m3. PCDD/F emissions from lime furnaces at bleached kraft pulp mills were aso
investigated, but no concentration data are given. No information exists about lime
plants at stedl manufactories.

Parameter concentrations
[ng I-TEQ/m3|
Minimal 0.0034
Maximal 0.03
geom. mean 0.01
arithmetic mean 0.017
S Lime (incl. iron/sted ind. and Paper pulp ind.); measurement results

National activity rates:
Plant specific production rates related to the Sx larger plants and to plants of the iron
and sted industries are reported for 1991 and 1993:
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1990 1993
Limeplants | 421,862 | 361,961
Iron/steel 61,282 | 118,600

Total 483,164 | 480,561
S Lime (incl. iron/sted ind. and Paper pulp ind.); activity rates

Emission factors:

Emission factors used for estimation of the annua emissions are shown bdow:

Parameter Emission factor
[ug I-TEQA]
1991 1993
Minimal 0.01 0.01
Maximal 94 11.2
geom. mean 0.97 0.33
arithmetic mean 47 5.6

S Lime (incl. iron/sted ind. and Paper pulp ind.); emission factors
These factors were derived from total emissions (probably company information) and
annua production rates. The survey gives no information with respect to the decrease of

the maximum emission factor.

Estimation of uncertainty:
According to the data shown above, an uncertainty of at leest 3 powers must be

assgned to the emission factors; activity rates are exactly known.

Activity rates 0
emisson factors 3
total uncertainty |3
S Lime (incl. iron/sted ind. and Paper pulp ind.); indices of uncertainty

Estimation of annual emission:

Emission data of four of the Sx larger plants are given explicitly and are most probably
based on company information. Emissions of the remaining two plants and for the plants
in iron and sted indudtry is esimated using the emisson factor ranges shown above.
Emissions from plants in bleached kraft pulp mills are taken from literature 41> .Thus,

the fallowing figures are given:
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1990 1993
Largelime plants 9.8-18 2.0-25
sted industry 0.0006-6.3 | 0.0005-1.35
pulp mills <0.5 <0.5
Total 10.3-243 | 25-4.35

S Lime (incl. iron/sted ind. and Paper pulp ind.); annual PCDD/F
emissions
Since these data are largely based on individud plant data no use is made here of the

average uncertainty approach for emisson factors.
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030320
Fine ceramic materials

General remark:

Congdered hereis atraditiona manufactory for glazed ceramics

Considered pathways or media:
Air

Plant data:

Glazing of stoneware is done at 1,250 °C with a mixture of sodium chloride, charcoa
and water. Five tons of stoneware are treated each time; the process is performed once
every two months. No flew gas cleaning device is ingdled. This plant is the only one
being investigated; no information is given of other inddlaions producing ceramic
product exist in Sweden.

Measurements:
Dust samples were taken from the stlack wall (25 m up) and from exhaust cages over

the oven. The concentrations were 17,000 pg NTEQ/g and 1,400 pg NTEQ/g,
respectively.

National activity rates:
According to the plant described above 30 tons of stoneware were produced in 1990;
in 1993 the production increased to 60 tons.

Emission factors:

No emisson factor was derived.

Estimation of uncertainty:
Despite the data base is quite poor and introduces a high degree of uncertainty no
indices are caculated since the activity rates are dmost negligible.
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Estimation of annual emission:
Although the measurement results indicate that flew gas concentration may be high a

total emission of less than 0.01 g NTEQ/a (1991) is estimated due to the smdl scde
production. For 1993 this figure is estimated to be lessthan 0.02 g NTEQ/a
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03 03 26
Other - metal reclamation from cables

Considered pathways or media:

Residues

Plant data:
There is no information about illegd wire reclamation facilities in Sweden. Only one
dump was found and investigated.

Measurements:

Two samples have been drawn from a dump site where plastic covered cables had been
incinerated illegdly. The ashes contained 5,500 and 6,400 pg NTEQ/g. The tota
PCDD/F content in the estimated 3 - 5 m3 ash would be about 0.02 - 0.04 g NTEQ.

National activity rates:

No data available

Emission factors:

No data available

Estimation of annual emission:

No data available

Comment:

The authors of the Swedish Dioxin Inventory conclude:

»Illegal wire and cable burning can be a sgnificant loca source and measures should be
taken to find and stop such activities. Wastes created by this type should be removed
and placed in proper depodtion Stes as they represent uncontrolled releases to the

environment”.

S38



Sweden
04 0201

Coke oven (door leakage and extinction)

04 02 01
Coke oven (door leakage and extinction)

Considered pathways or media:

Residues

Plant data:

Both sted plants currently operating in Sweden have integrated coke plants. Effluents of
the coke plants (from wet scrubber) are treated at biologica waste water treatment
plants, at one plant sand filtration follows.

Measurements:
Sudge samples have been taken from the waste water treatment facilities connected to
the two coke ovens. PCDD/F concentrations are reported to be 0.33 and 12 pg
NTEQ/g, respectively. Coplanar PCBs were andysed in one sample and found to be 1
pg PCB-TEQ/g.

National activity rates:

No data are reported

Emission factors:

No data are reported

Estimation of uncertainty:
Since the emissions are calculated directly from measurement results, the uncertainty can

be consdered aslow:

Activity rates -
emission factors -
total uncertainty |0
S Coke oven (door leakage and extinction); indices of uncertainty
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Coke oven (door leakage and extinction)

Estimation of annual emission:
Totd PCDD/F emissons are 0.31 g NTEQ; the measured PCB concentration
trandatesinto an annual release of 0.02 g PCB-TEQ.

Comment:

Diffuse emissonsinto the air were not considered!
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04 02 03
Pigiron tapping

Considered pathways or media:

Air, resdues

Plant data:

Blast furnaces exigt in the two integrated iron and sted plants in Oxeésund and Luled
Dust containing exhaust gases are cleaned in wet dectrodtatic precipitators forming
dudge (dag is produced from the lime added to the furnace charge). Dud is dso
collected before to wet precipitation.

Another type of plant that produces spongy iron and iron powder located a Hoganés
uses solid state reduction processes ingtead of melting.

Measurements:

Measurements have been carried out with respect to blast furnaces. While the dry dust
has not been andysed for PCDD/F, dudge and dag have been measured in 1992/93;
results are shown in the following table:

Dioxins PCB
[Pg NTEQ/q] |[pg PCB-TEQ/g]

Oxelésund 0.001 0.05 dag
0.03 0.08 dudge
Lulea 0.18 0.01 dag
0.09 0.07 dudge
S Pig iron tapping; measurement resultsin residues

No measurement results are available from the plant in Hoganés.

National activity rates:

No information about total nationa production rate is given.

The Hoganés plant is estimated to produce 95,000 tons of spongy iron and iron powder
and an amount of 21,000 t/a of wastes annudly. No specific data for the analysed
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wastes generated by blast furnaces are reported; dust collected before the wet

precipitation in these plants amounts to 28,300 tonga.

Emission factors:

No emisson factors are eva uated

Estimation of uncertainty:

Due to the poor data base the uncertainty of the following estimates cannot be assessed!

Estimation of annual emission:

Blast furnaces:

PCDD/F and PCB emissions in residues are estimated to be 41.65 mg NTEQ/a and
16.5 PCB-TEQ/a, respectively.

Hoganés plant:

Air emissions are estimated to be less than 0.1 g NTEQ/a, emissions associated with
wastes are not assessed.
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04 02 06
Basic oxygen furnace steel plant

Considered pathways or media:

Air, Residues

Plant data:
Thested plantsin Luleaand Oxeésund use BOFs; these facilities are encapsulated in a
,»dog-house".

Measurements:

PCDD/F concentrations in smoke-stack gases at the Lulea plant (presumably at
different emisson points and not specificdly a the BOF) were measured in 1988.
Values are not reported (however, see below).

Scrubber dudge and secondary filter dust (from ,dog house’) were anadysed for
PCDD/Fs and PCBs.

Dioxins PCB
[PgNTEQ/g] |[pg PCB-TEQ/q]
Oxed6sund 0.65 0.29 scrubber dudge
150 5.3 filter dust
Luled 1.7 0.39 scrubber dudge
290 9.9 filter dust
S Basic oxygen furnace steel plant; measurement results

National activity rates:

The entire sted production in Sweden is said to be 4,500,000 tons per year, including
secondary steel production. 3,000,000 tons of stedl are produced by the ore based
plants mentioned above,

Amounts of the annud production of dudge and filter dust are not given. Additiondly to
these types of wastes about 430,000 tons of dag as well as 2,400 tons of oxide scale
dudge are produced (both not analysed)
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Emission factors:

In case of the Lulea sted plant, an overdl emisson factor for emissonsto AIR has been
evauated to be 0.006 pg/it

Residues:

No data are given, but emisson factors may be cdculated from reported annua

emissions and production rates:

Emission factor
[1g NTEQ/A]
scrubber dudge 0.023
filter dust 2.71
S Basic oxygen furnace stedl plant; emission factor s (recalculated)

Estimation of uncertainty:

The data given in the Swedish survey do not dlow for recdculaion of the emisson
edimates shown below. Other, information is lacking which would suffice for an
estimation of the uncertainties.

Estimation of annual emission:

Air:

Emissonsfrom Lulea sted plant were estimated to be lessthan 0.01 g NTEQ/g;
Residues:

Only for wastes that have been anadysed totally PCDD/F and PCB emissions are

reported:
Dioxins PCB
[mMgNTEQ/a] |[mgPCB-TEQ/a]
Oxelésund | scrubber dudge 0.3 0.15
filter dust 300 10.6
Lulea scrubber dudge 68 16
filter dust 7,830 270
S Basic oxygen furnace stedl plant; annual PCDD/F emissionswith

production residues
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From the data shown above it follows that totd emissons are 82 g NTEQ/a
(PCDD/Fs) and 0.31 g PCB-TEQ/a (PCBS)

Comment:

Air and Water emissions not consdered generdly!
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Electric furnace sted plant

04 02 07
Electric furnace steel plant

Considered pathways or media:

Air, Residues

Plant data:

In Sweden 10 scrap based sted mills with eectric arc furnaces are in operation

Measurements:
Sag and dudge (from rolling mill) samples were taken from one plant Ovako sted,
Hofors) and andysed for PCDD/F and PCBs.

Dioxins PCB
[Pg NTEQ/q] |[pg PCB-TEQ/g]

Electricarcfurnaces |dag 34 0.18
0.4 0.0014
Rolling mills dudge 2.7 NA
S Electric furnace stedl plant; measurement resultsin residues

Within the Swedish dioxin survey no smoke stack samples have been analysed.
However, results from different Swedish scrap-based sted mills are avalable from
previous studies 12>, {3> showing a typicd concentration range of 0.1 to 1 ng
NTEQ/me.

Further, filter dust samples were reported to contain about 1000 pg NTEQ/g

National activity rates:

The plant investigated produced 330 kt of stedl. Totd sted production amounted to 1.8
Million tons in 1993. From al scrgp based sted mills atotal of 26,000 tons filter dust
was produced in 1991. Of thistotal, 19,000 tons were dumped into landfills.
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Emission factors:

Concerning air emissions, factors have been derived 42>, {3>. Emisson factors for
dudge and dag are not given explicitly but may be recdculated from the estimated
emisson and production rate for the Hofors sted plant. The same agpplies for the

emisson factor concerning filter dust:

AlIR 0.2-8.6
Sludge/dag | 0.03-0.3
Filter dust 10.5
S Electric furnace stedl plant; emission factors[pug NTEQ/ton of produced

steel]

Estimation of uncertainty:

Following indices are assgned here to characterise the uncertainty:

Activity rates 0
emission factors 1
total uncertainty |1
S Electric furnace stedl plant; indices of uncertainty

Estimation of annual emission:

From the data given above the following annua emissons are estimated:

PCDD/F PCB
[gNTEQ/a] |[mgPCB-TEQ/a]

AIR 04-15 -
Sludge/dag | 0.055 - 0.60 0.27-33
Filter dust 19 -

S Electric furnace sted plant; annual PCDD/F emissions

Comment:
Emissions are probably underestimated as no coplanar PCBs have been measured in

flew gases or filter dugt.
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04 03 01
Aluminium production (electrolysis)

Considered pathways or media:

Weter, resdues

Plant data:

Located in Sundsvdl, one primary duminium plant is in operation udng the ,Hal-
Héroault* process (dectrolyss). It conssts of two eectrolytic cells, one using
Soderberg carbon anodes and the other using pre-baked carbon anodes. Spent potline
wastes are dumped on the premises, leach waters from the dumping Site are collected in

a sedimentation basin.

Measurements:

Samples of filter dust have been taken from the Soderberg cdll over an entire week and
mixed up to one homogenate;, no PCDD/F could be detected. Additionaly, a spent
potline dudge sample (7.8 pg NTEQ/g) and the leach water (2.4 pg NTEQ/I) were
analysed in 1990.

National activity rates:

The duminium plant holds a franchise to produce 100 kt auminium per year.

Emission factors:
Emission factors are not given explicitly in the text. For spent potline waste a factor of
0.34 pglt was caculated on basis of the annua capacity and the estimated annud

release.

Estimation of uncertainty:
Since only one andyss was made, the uncertainty of the emisson factor used is

estimated to be at least one decade;
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Activity rates 0
emisson factors 1
total uncertainty |1

S Aluminium production (electrolyss); indices of uncertainty

Estimation of annual emission:

Emissions associated with the wastes are estimated to be 34 mg NTEQ/a (range: 1-
100 mg NTEQ/a).

Insufficient data are given with respect to leach water; emissons via filter dust and flew

gases are consdered to be negligible:

Comment:
With respect to this source some contradictory information is given which islikely to be
re-evauated for the find report of the Swedish Dioxin Survey.
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04 03 09
Other - foundries

Considered pathways or media:

Residues

Plant data:

85 non-ferrous foundries with more than 5 employees are reported to have been in
operation in 1990. From atotal of additional 90 smaller companies an unknown number
may aso produce non ferrous metal cagtings. Of the existing foundries producing non
ferrous metd cagtings, one duminium foundry was investigated within the Swedish

Dioxin Survey. This foundry uses flame and induction furnaces.

Measurements:

Only emissions connected to the flame furnace were measured in 1990. Samples were
dust from bag filters and scrapings from exhaust duct. PCDD/F concentrations 480 pg
NTEQ/g in filter dust and 290 pg NTEQ/g in scrapings were found; additiondly, the
PCB contents of the scrapings were determined to be 32 pg PCB-TEQ/g.

National activity rates:
From atotal production of 310,000 tons about 24,800 tons (8%) are associated to light
metad castings and 12,400 tons (4%) relate to other non ferrous metd castings. Thus

total production of castings amounts to 39,200 tons

Emission factors:

No data reported.

Estimation of uncertainty:

No reliable estimation can be performed
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total uncertainty

Activity rates 0?
emisson factors ?
?

S Other - foundries; indices of uncertainty

Estimation of annual emission:

Not possible due to insufficient data;

Comment:

The data base concerning this important sector of the metalurgica indudtry is very poor

and should be improved by further investigations
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04 04 13
Chlorine production

General remark:

Consdered are chlordkdi plants and mercury distillation

Considered pathways or media:

Water, residues

Plant data:

Currently, 3 chlorakdi plants and 3 ingdlations for chlorate production are active; 1
additiond chlorate plant is to be closed in 1995. Only one chlorakali plant is reported
to have amercury didtillation facility.

Measurements:

Some firds PCDD/F andyses of graphite dudge samples had indicated that large
amounts of PCDD/F may be generated by the chlordkali process. Thus severd
measurement programs on past and present chlorakali industries have been imposed by
the Swedish EPA during the past years. Samples were taken from deposition Sites of
graphite dudge, from sediments and soil nearby the plants as well as from leach and
ground water.

Concentration in a sample of run off water from adudge deposit was 124 pg NTEQ/;
With respect to mercury didtillation atypica flew gas concentration of 0.9 ng NTEQ/m?3
IS reported.

National activity rates:

Production of sodium hydroxide serves as activity rate; however, no data are given in
the survey;

In the case of mercury didtillation annudly production of about 60 tons of resdues is
reported which are going to an industria deposition Site on the premises.
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Emission factors:

Residues:

In order to estimate PCDD/F emissons in the past (period for use of graphite
electrodes), a specific consumption rate of 2.5 kg graphite per ton of sodium hydroxide
produced was estimated. About 75% of the graphite used was estimated to become
dudge. PCDD/F concentrations ranging from 29 to 170 ng NTEQ/g are used to assess
possible emissons.

Emissons edimates for the currently active plants (chlordkdi and mercury didtillation)
are based on the current amounts of wastes produced and on the PCDD/F

concentrations found in these wastes (see table)

Year of | sampletype number | PCDD/F ref.
analysis of conc.
samples|[ng
NTEQ/q]
1988 graphite dudge 4 13-28 | <14,
<15
1988 chromate dudge 1 0.72 14«15
? scrapings of used electrode 1 0.19
scrapings of unused dectrode 1 0.0003
1989 soil 0.096 - 11.4 | <15
1991 sediments from receiving bay of an old 5 0.18-1.7 |SEPA
plant
Graphite eectrode samples ? 29-170 |[SEPA
fresh graphite electrode dudge (from 3 0.029 - 0.38 | S EPA
Norwegian plant)
dudge samples from current processes upto28 |S-EPA
Mtitanium electrodes
rubber Sding from modern eectrolytic 17.6 S-EPA
cel
mercury didtillation: ill bottoms 2* 0.063/ S-EPA
/didtilled charcod filters 0.0015
S Chlorine production; measurement results of PCDD/F analyses of

sdudge and soil samples

*Concentrations before distillation: 1,8/ 9,7 ng NTEQ/g
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Estimation of uncertainty:
The index gpproach cannot be gpplied here in view of the insufficient deta given in the
Swedish survey.

Estimation of annual emission:

Past emissions

a) Chlorine production
Total produced PCDD/F | Storage or deposition | Releaseto water
during graphite period [gNTEQ] [oNTEQ]
[gNTEQ]
315- 1,843 78 - 460 229 - 1,338

S Chlorine production; past emissions of PCDD/F

b) Chlorate production

Past emission is estimated to be 1.4 g NTEQ with the mgority assumed to have been
released to recalving waters. There are insufficient data to estimate the current Situation.

Current emissons

a) Chlorine production
Total produced PCDD/F | Storageor |Releasetowater |current annually
after graphite period deposition | and products emission
[gNTEQ] [gNTEQ] |[gNTEQ] [gNTEQ]

3.53 3.35 0.18 0.25
S Chlorine production; current annual PCDD/F emissions

For one plant it is estimated that as much as 0.3 - 0.6 g NTEQ may ill be leaching

from deposition Stes
b) Mercury didtillation
AlIR WATER RESIDUES
[MgNTEQ/a] |[mgNTEQ/a] |[mgNTEQ/a]
0.005 3.2 4
S Chlorine production; annual PCDD/F emissions from mercury digtillation

Comment:
The Swedish dtuation is described very briefly and in many details that could not be
included in this summary. The authors of the Swedish Dioxin Survey conclude, that
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Chlorine production

“Grgphite eectrodes are gill used in the chlorakai process in many countries. These
industries must thus be regarded as an important source of PCDD/Fs internaiondly,
especidly if dudge has been released into nearby recelving waters.”
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Chlorine production

More, PCDD/F concentrations found in samples taken from modern ingalations
(without graphite dectrodes) indicate that even today’s chlorine production may be a

consderable emisson source.
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04 06 02
Paper pulp (kraft process)

General remark:
Here emissons are consdered from bleached kraft pulp production and from

production of recycled pulp.

Considered pathways or media:
Air, water, resdues, product

Plant data;

Of the 47 paper pulp millsin Sweden 15 produce bleached kraft pulp.

Measurements:

During two periods of the Swedish dioxin survey (1988 and 1990) 16 samples of
different pulp from 10 plants have been andysed for their PCDD/F content. Some of
these samples were aso tested for coplanar PCB. While the concentration ranges are

given in the Swedish survey, the following mean vdues have been cdculated for the

present study:
Par ameter pgNTEQ/gds [pgNTEQ/I |pgNTEQ/gds
pulp effluent dudge
Minimal 0.07 2.8 2.4
Maximal 1.7 9.7 44
geom. mean 0.52 5.2 10.3
arithmetic mean 3.9 6.3 23.2

S

Paper pulp (kraft process); measurement results

National activity rates:

The total amount of bleached kraft pulp in Sweden was 7,636,928 t in the year 1992.
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Paper pulp (kraft process)

Emission factors:

The measured concentrations are used as emission factors. In the case of pulp, the
highest value was considered as being probably unrepresentative and was discarded.
Emission factor ranges given in the Swedish survey are presented in the following table:

Pathway Mean emission factor*) |range dimension

PRODUCT (Pulp) 0.513 0.03- 1.7 | pg NTEQ/g dw

WATER (Effluent) 4.3 0.34-9.7 |pg NTEQ/

RESIDUES (Sludge) 26.7 2.4-54 |pgNTEQ/g dw
S Paper pulp (kraft process); emission factors,

*) arithmetic mean presumably

Estimation of uncertainty:
In view of the lower and upper limits shown above the index ,,1“ can be applied
appropriaely to the emission factors.

Activity rates 0
emisson factors 1
total uncertainty |1
S Paper pulp (kraft process); indices of uncertainty

Estimation of annual emission:

Water/product:

In the case of emissons associated with the pulp itsdf and with the effluent water,
emissons were caculated exactly for the measured pulp mills on basis of their annud
production and the concentrations found. For the remainig national production the
emissons were esimated using the respective mean emisson factor. However, the
specific production of effluent water per ton of produced pulp is not given in the
Swedish report. Comparing the total emission and the emission factor this value was re-
caculated here to be about 82,000 I/t.

Emission range 1987 | Emissions 1988/90
[g Eadon TEQ/a] [gNTEQ/a]
range mean range
WATER 13- 40 2.7 15-50
PRODUCT 31-84 2.4 0.3-6.6

S Paper pulp (kraft process); annual PCDD/F emissions[g N-TEQ/a]
S58



Sweden
04 06 02

Paper pulp (kraft process)

Though the results given in Eadon TEQ would be lower if converted to NTEQ a
decrease of emissions may be stated anyway.

Additionaly, 0,08 g PCB-TEQ/a and 0.28 - 0.49 PCB-TEQ/a are estimated to be
emitted with bleached pulp and recycled pulp, respectively..

Residues:

Because of inaufficient data about the fate of dudge (incineration/disposa) no estimation
could be made.

Air:

In 1989, the emissions from smoke-stack gases were estimated to be 1 g NTEQ (basic
data not given); thisis consdered to be gtill valid.

Comment:

The results of measurements are briefly discussed with respect to congener distribution
and parameters influencing PCDD/F concentrations. Air emissons are estimated on old
data basis.

Conclusions.

1. Higher PCDD/F concentrations correlate with higher chlorine contents.

2. High concentrations in the pulp do not necessarily mean that high concentrations are
present in the effluents and /or dudge.

3. Concentrations of PCDD/F are quite low in the outgoing effluents, but the annud
emisson of PCDD/F via effluents is of importance due to the large quantities of water
released.
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04 06 03
Paper pulp (acid sulphite process)

General remark:
Emissions associated with production of sulphite paper pulp are integrated in caculation
for bleached kraft pulp (see. 04 06 02).

Considered pathways or media:
Products

Measurements:
One pulp sample from a sulphite pulp was andysed; PCDD/F concentration was found
to be 0.64 pg NTEQ/g dw.
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06 02 02
Dry cleaning

Considered pathways or media:

Residues

Plant data:

no information about number or technica featuresis given

Measurements:
Still bottoms or didtillation resdue samples have been taken from 13 dry cleaners.
Following results were obtained (see following table):

PCDD/F PCBs
[PgNTEQ/g] |[pg PCB-TEQ/g]
mean 1,314 84.5
min 0.3 0.6
max. 130,000 10,000
range without min/max. values 32 - 8,800 4.6 - 200
S Dry cleaning; measur ement results

National activity rates:

no data given in report; the evauation concerning thistopic is not yet finished

Emission factors:

no data given

Estimation of annual emission:

not yet performed

Comment:
The extreme concentration found in one case could not be explained. In accordance to

other studies it is ated, that the mgor sources of PCDD/F in didtillation residues are
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textiles, mogt probably due to pentachlorophenaol treatment. However, dyes and textile

processing chemicals could not be ruled out.

06 03 12
Textilefinishing

General remark:

The Swedish Dioxin Survey’s chapter concerning textile manufacturing has not yet been
finished. A lot of information has been collected from waste water trestment plants
attached to textile industry as well as from the indudiries themselves. As a mgor result
the bleaching with sodium hypochloride was identified as a consderable source of
pentachlorophenol and PCDD/F. After stopping this method in 1991 the PCDD/F
concentrations in sewage dudge from the attached trestment plant dropped drasticaly
(see 09 10 02). Data given in the survey have to be revised and no emission factors or

emisson estimates for Sweden are reported here.
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07 01 -07 03
Passenger cars, light and heavy duty vehicles

General remark:
This source type has not been investigated on experimenta scale within the Swedish
Dioxin Survey program but emission estimations are added to the report

Considered pathways or media:
Air

Plant data:
Numbers of passenger cars usng unleaded gasoline (with and without catadytic

converter) are given:

Automobiletype numbersin trafficin numbersin trafficin
1990 1993

Without catalytic 2,514,000 (72%) 2,117,000 (61%)

converter

With catalytic converter 980,000 (28%) 1,354,000 (39 %)

Total 3,494,000 3,471,000

S Passenger cars, light and heavy duty vehicles, Number of carswith and

without catalytic converters

Measurements:

No measurement data that are specificaly vaid for Sweden are mentioned; however,

results from a Swedish study <16> are cited besides other from Germany<17> <18> .

National activity rates:

Fud consumption is used to edimate emissons from traffic. The unleaded gasoline

consumption by cars with and without catalytic converters is based on the percentages

given in the previous table assuming identical specific fuel consumption for both types.
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Passenger cars, light and heavy duty vehicles

1990 1993
diesel 2,802,000 | 3,048,000
leaded 2,666,667 | 894,240
unleaded, without cat | 1,397,799 | 2,515,018
unleaded with cat 1,565,534 | 2,179,682

S Passenger cars, light and heavy duty vehicles; activity rates[m3a]

Emission factors:
The following emisson factors were extracted by combining the lowest and maximum

vaue for each source type from the different studies mentioned above:

min max.
diesel 0.024 | 0.05
leaded 0.01 | 1.08
unleaded. without cat 0.051 | 0.09
unleaded with cat 0.0035 | 0.02
S Passenger cars, light and heavy duty vehicles, emission factors[ug |-

TEQ/m3 fuel]

Estimation of uncertainty:
Generdly, the uncertainty of the emisson factors can be described as covering one
decade. However, in the following emisson estimation the range is calculated using the

minimda and maximum vaues

Activity rates 0
emisson factors 1
total uncertainty |1
S Passenger cars, light and heavy duty vehicles; indices of uncertainty
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Passenger cars, light and heavy duty vehicles

Estimation of annual emission:

Ranges for the annua emissions were caculated using the data shown above:

1990 1993
diesel 0.067 - 0.14 0.073- 0.15
leaded 0.026 - 2.9 0.009 - 0.97
unleaded, without cat | 0.07- 0.13 0.13-0.23
unleaded with cat 0.0055- 0.031|  0.0076 - 0.044
TOTAL, typical 0,74 0,55
range 0.169-3,20 0,22-1,4

S Passenger cars, light and heavy duty vehicles, annual PCDD/F
emissons|[g |-TEQ/a]

Comment:
Nothing is said about diesdl trucks,; these are trested Smilar to passenger cars as the
emisson factors are gpplied to the overal consumed volume of diesd fud. However,

contradictory results that can be found in the literature are not mentioned.
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08 04
Maritime activities

General remark:

Here ships and ferries are consdered. This source type has not been investigated on
experimenta scale within the Swedish Dioxin Survey program but emisson estimations
are added to the report

Considered pathways or media:
Air

Plant data:

No data about numbers or specific technica information on the sourcesis given

Measurements:

No measurements are reported;

National activity rates:
An amount of 5 % of the overdl heeting oil consumption is taken as an estimete for ail

burned by ships and ferries. Converted to tons these estimates are;

Fud type 1990 | 1993

light ail [kt/a] 181 | 128

medium heavy ail [kt/a] 136 | 135
S Maritime activities; activity rates

Emission factors:

Emisson factors are taken from the Dutch inventory «8>:

Fue Type EF |Dim

gasoil 1 |ugt
heavy fud oil 4 |ugh
S Maritime activities, emission factors[I-TEQ]
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08 04

Maritime activities

Estimation of uncertainty:
Both emisson factors and activity rates must be consdered as being uncertain.
Therefore, both are given the index ,, 1°.

Activity rates 1
emission factors 1
total uncertainty |2

S Maritime activities; indices of uncertainty

Estimation of annual emission:
Sdtting light heeting oil equd to gas oil and medium or heavy oil equa to heavy fud ail
the following emissions are estimated:

1990 1993
Annual emissons 0.7 0.63
Margin of uncertainty | 0.07-7 | 0.06-6.3

S Maritime activities; annual PCDD/F emissions[g |-TEQ/a]
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Air traffic

08 05
Air traffic

General remark:
This source type has not been investigated on experimenta scale within the Swedish
Dioxin Survey program but emission estimations are added to the report.

Considered pathways or media:
Air

Measurements:
PCDD/F emissons from aviaion are estimated on the bass of results obtained from
foreign measurement programs concerning gas oil (ferries) and diesd fud. No specific

measurements are known.

National activity rates:

Fudl consumption by aeroplanesis used as activity rate:

Year |1990 1993
m¥a | 1,105,000 | 1,020,000
S Air traffic; activity rates

Emission factors:

From the emission factors reported for gas oil (1 pght, <8>) and diesel (0.024 - 0.050 pg
ITEQ/m?3, <17> the range of possible emission factors was defined to be 0.024 - 0.84
pg/ms3 with the dendity of gas oil estimated to be 0.84 t/m?d.

Estimation of uncertainty:
The uncertainty is implicitly given in the range covered by the emisson factors used for
the estimation.

Estimation of annual emission:

Thefollowing emissons are caculated from the data mentioned above:
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Air traffic
1990 1993
geom. mean 0.17 0.14
margin of uncertainty 0.03-0.93 | 0.024 - 0.86

S Air traffic; annual PCDD/F emissons|[g |-TEQ/a]
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Incineration of domestic or municipal wastes

09 02 01
Incineration of domestic or municipal wastes

General remark:

This source was not sudied within the Swedish Dioxin Survey. Daa are available from
previous studies. Legidation from 1987 required that al new municipad wadte
incinerators emit less than 0.1 ng Eadon TEQ/Nm2. Older plants aso have to lower

thelr emissons towards this limit (no information about time scales)

Considered pathways or media:

Air, residues

Plant data:
No information; from TNO study <19» it follows that Sweden has 21 facilities burning
about 47 % of the municipa waste annudly produced.

Measurements:

No data about measurements are reported within the Swedish survey

National activity rates:
Data are given for 1990 when 1,700 kt of waste was burned; 624,000 tons of fly ash
and dag were produced and placed in landfills.

Emission factors:

Air: Emisson factors range from 0.5 to 5 ug Eadon-TEQ/ton waste for the different
plants.

Residues: Concentrations in fly ash have been found to be 1,000 to 4,000 pg Eadon-
TEQ/.
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Incineration of domestic or municipal wastes

Estimation of uncertainty:

As the basc data regarding the emisson factors are not given in the survey, the
uncertainty cannot be assessed here independently. The factors used cover a range of
one decade; the activity rates are presumably well known

Activity rates 0
emisson factors 1
total uncertainty |1

S Incineration of domestic or municipal wastes; indices of uncertainty

Estimation of annual emission:

Egtimates of the annud emission are given asfollows.

1990 1993
emissionsto air 45 3.0
mar gin of uncertainty (1.4-14) [ (09-9
emissions with fly ash (filter deposits) 0.6-24 ?
S Incineration of domestic or municipal wastes, annual PCDD/F emissions

[g Eadon-TEQ/a]
If dl fadlities would comply to the emisson limit of 0.1 ng Eadon-TEQ/Nm?® the

emission would amount lessthan 1 g Eadon-TEQ/a

Comment:

For the time before 1990 MSW incineration was one of the mgor emission sources for
PCDD/F emitting 50 - 100 g Eadon-TEQ/a. This compares well with estimations of 86
g I-TEQ/a made by TNO <19>; however, this esimation is based on an analys's of the
date of flew gas cleaning for the year 1993. Thus there is a large discrepancy between
the data reported in the Swedish survey and the TNO report. This might be in part due
to the rough estimation procedure applied by TNO, but the impresson remains, that the
emissons from the Swedish MSW incinerators may be underestimated.
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Incineration of industrial wastes (except flaring)

09 02 02
Incineration of industrial wastes (except flaring)

General remark:
Conddered here: Hazardous wadte incineration (HWI) and incineration of glass fibre

wastes

Considered pathways or media:
Air

Plant data:

There is only one incinerator for hazardous waste in Sweden (SAKAB).Besides the
information that this plant is subjected to a control program no other data are given on
this plant.

Glass fibre wastes containing phenols and formain are incinerated in a gasoline-fuelled
oxymdt plant. After water-cooling the smoke stack gases are cleaned by afabric filter.
Only thissngle plant exigsin Sweden.

Measurements:

No measurement results are reported for the hazardous waste incinerator;

One flew gas analyss was performed at the glass fibre incinerator in 1991, PCDD/F
concentration was 0.0046 ng NTEQ/m?3

National activity rates:

Quantities burned in the HWI plant are reported as follows:

Year [1990 |1993
[kt/a] | 325 | 314
S Incineration of industrial wastes (except flaring); activity rates

At the glass fibre incinerator 1,000 tons were incinerated in 1991, this figure changed to
2,300 tonsin 1993
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Incineration of industrial wastes (except flaring)

Emission factors:

The emission factor for the HWI plant is reported to have decreased from

0.9 ug Eadon-TEQ/t (1990) to 0.19 pg Eadon-TEQ/t in 1993.

No explanation for thistrend is given.

No emission factor is derived explicitly for the glass fibre incinerator; from the estimated
annua emisson and production rate a factor of 4 ng NTEQ/ton was calculated in the
present study

Estimation of uncertainty:
Since emissons of both plants operating in Swveden are accessible directly from

measurements, the uncertainty is assumed to be low.

Activity rates 0
emisson factors 0
total uncertainty |0
S Incineration of industrial wastes (except flaring); indices of uncertainty

Estimation of annual emission:

1990 1993
HWI plant [g Eadon-TEQ/q] 0.01 0.007
Glassfibreinc. [g NTEQ/a] 0.00004 | 0.00006
S Incineration of industrial wastes (except flaring); annual PCDD/F

emissionsto air

Estimation of uncertainty

Comment: Data regarding dag and fly ash are to be added during revison of survey.
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09 09
Cremation

Considered pathways or media:
Air

Plant data:
75 crematories are reported to be in operation; there is no information about technica
details.

Measurements:
Measurement results are not given in detail; indicated concentrations lie between 10 and

20 ng Eadon-TEQ/mg.

National activity rates:

Y ear 1990 1993
Cremations |57,000 | 61,237
S Cremation; activity rates

Emission factors:

Emisson factors are derived assuming a specific flew gas volume of 600 m2 per
cremation. With the concentrations given above, the emisson factors can be caculated
to be

6 - 12 ug Eadon-TEQ/Cremation

Estimation of uncertainty:
Since no Swedish measurements exist and the emisson factors used in the Swedish
report are taken from foreign data, an index of , 1 is goplied here to describe the

possble limits.
Activity rates 0
emisson factors 1
total uncertainty |1
S Cremation; indices of uncertainty
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Cremation

Estimation of annual emission:

1990 1993
typical*) 0.48 0.52
Margin of uncertainty**) | 0.34-0.68 | 0.37-0.73
S Cremation; annual PCDD/F emissions [g Eadon-TEQ/a]

*) calculated as geom. mean of upper and lower limits; **) asgiven in

the Swedish report
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09 10 02
Waste water treatment in residential and commercial sectors

General remark:

Before 1989, sawage dudge from waste water treatment plants was usually spread to
land as fertiliser, snce 1989 large amounts are placed in landfill Stes. Within the
Swedish Dioxin Survey the entry of PCDD/F into sawage dudge was investigated. Here

measurement and results directly concerning the treatment plants are considered.

Considered pathways or media:

Weaeter, resdues

Plant data:

Besides location of the investigated plants no specific plant data are reported.

Measurements:

Ealy measurements by Rappe 20> showed sewage dudge to contain 23 - 24 pg
NTEQ/g.

In outgoing water 0.06 and 0.04 pg NTEQ/I, in incoming water 1.6 / 1.6 pg NTEQ/I
were measured. Even higher sewage dudge values, 32/ 33 pg NTEQ/g dw, were found
a the Ryaverket plant(1990).

Samples were taken within the Swedish Dioxin Survey a the mgor treatment plant of
Stockholm at Henriksdal in Feb.1989. Sample conditions: two occasions (weekend,
working day), 4 sampling Sites (2 pump gations, incoming weter, outgoing water); 1
dudge sample, 1 sorm sewer water sample; 1 sample of FeCl3 (flocculating agent).

Reallts:
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Wastewater treatment in residential and commercial sectors

S

Sample type

PCDD/F concentration

[pg NTEQ/I or pg NTEQ/q]

pump station water
incoming water
outgoing water

sewage sludge
FeCl3 solution

0.63-45
1.8-3.2
0.04 - 0.52
24131/ 17
40

Wastewater treatment in residential and commercial sectors;

measurement results

Sewage dudge samples from other trestment plants have been taken in 1990 (3 plants)

and 1992 (4 plants):
Year |location attached industry | PCDD/F PCBs
[Pg NTEQ/g dw] | [pg PCB-TEQ/g dw]

1990 | Gésdosa*) | Textileindudtries 120 NA
Skene Textile industries 75175 NA
Krigiangad | households 14 NA

1992 | Gésdosa*) | Textileindudtries 7.3 17
Kinnarumma | Textileindustries 10 7.8
Smsholmen | Recycled paper plant 13 13
Huskvarna | Recycled paper plant 8.8 6.6
Sickla NA 12
(Stockholm)
Bromma NA 12
(Stockholm)
Loudden NA 14
(Stockholm)

S Waste water treatment in residential and commer cial sectors;

measur ement results; PCDD/F and PCBsin samples of sewage udge

*) Concentration dropped after pentachlorophenol contamination from textile industry

was diminated

National activity rates:

Treatment plant Henriksddl:
107,000,000 m3 water/a, 20 - 30 % from storm sewers, 13,5000 t sudge €w);

560,000 person units attached, particle content in outgoing water was measured to be
3.3/10.7 mg/l
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Wastewater treatment in residential and commercial sectors

190,000 tons sewage dudge are produced annualy; using ratio of water volume per ton
sewage dudge according to Henriksdd plant the totd waste water is caculated to be
1,506,000,000 m3. With particle content: 5,000 - 16,000 tons of particles released
annudly in outgoing water

Emission factors:

Concentrations serve as emission factors directly; best case or worst case estimation is

made by using following vaues:
Media emission factor |dimension
dudge, PCDD/F 14-33 pg NTEQ/g dw
dudge, PCB 6.6 - 17 pg PCB-TEQ/g dw
outgoing water, PCDD/F 0.04 - 0.52 pg NTEQ/

S Waste water treatment in residential and commercial sectors; emission
factors

Estimation of uncertainty:
The range of uncertainty is given as indicated by the variability of the applied emission
factors.

Estimation of annual emission:

The Swedish EPA has estimated for 1988 that 4.4 g NTEQ were emitted via sewage
dudge to agriculturd land; for the same year, emisson to water was said to be 0.11 g
NTEQ/a 21>

From the data obtained within the Swedish Dioxin Survey following edimates are
derived for 1990:

Medium PCDD/F PCBs
[gNTEQ/a] |[gPCB-TEQ/q]
sewage sludge 0.27-6.3 13-32

outgoing water 0.06-0.78
0.007 - 0.53* 0.03-0.27*
S Wastewater treatment in residential and commercial sectors; annual

PCDD/F emissions into sewage dudge and water

* calculated from particle content of outgoing water
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Comment:
Data andys's and emisson esimation have not yet been finished by the authors of the

survey.
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Fires- landfill fires

12
Fires - landfill fires

Considered pathways or media:
Air

Plant data:
No data in the report; from OECD data it follows that in 1990 there were 282 landfill
stes having atotal capacity of 7,300 kt.

Measurements:
6 expeariments smulaing the uncontrolled combustion of landfill waste resulted in
PCDD/F concentrations of 66 - 518 ng NTEQ/m?.

National activity rates:

About 200 - 250 fires occur annudly in Swedish landfills. With an estimated amount of
25,000 t waste being combusted annualy and a typical specific volume of 1,700 m3/t
22> the rate is 42,500,000 m¥/a

Emission factors:
Emisson factors are identicd to the concentrations found, that is

66 - 518 ng NTEQ/m3

Estimation of uncertainty:

Both parameters have to be considered as being uncertain. Therefore the index , 1 is

applied to each:
Activity rates 1
emisson factors 1
total uncertainty |2
S Fires- landfill fires; indices of uncertainty
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Fires- landfill fires

Estimation of annual emission:

Emissions are given for two scenarios with
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Fires- landfill fires

1. using the above emission factors

2. aworst case assumption as drawn by the S-EPA

min | max.
scenario 1 28 | 22
scenario 2 30
overallrange | 2.8 | 30

S Fires- landfill fires, annual PCDD/F emissions[g N-TEQ/a]
Using the geometric mean of the emission factor range (185 ng NTEQ/m?) and gpplying

the uncertainty indices following results are be obtained:

annud emisson
margin of uncertainty

gN-TEQ/a

7.9
0.8-79

S Fires - landfill fires; annual PCDD/F emissionsto air
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