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INTRODUaiON 

f 

Norsk Hydro s magnesium plant m Norv,ay is situated ui Porsgrunn, approximately 150 km south of Oslo TTie 

ch ormation step of the production process, which is a high temperature process, leads to formation of 

polychlormated dibenzo-p-dioxuis (PCDD) and dibenzoftirans (PCDF). Tlie production process is described by 

Oehme e, al/!/ . TTus reference ^so reports the annual waste water emission to be about 500 g TCDD-^quivalen.s 

(Nordic model). At the end of 1989. cleaning equipment for this effluent was instaUed. 

The dioxin content in off-gases from the chlorination step corresponds to an annual emission to air of 20-30 g 

TCDD-equivalenrs (NoMic model). TTie emission from this source will be reduced to below 1.3 g per year in ,991 

A simple accurate and precise sampling method was needed in order .o perform pUo, plant tests for choosmg 
suitable cleaning equipment for the off-gases. 

The purpose of thh work was to develop a sampling method with the foUowtng requ.ements: simple, with high 

precision and high collectmg efficiency, especially for aerosols. Furthermore, low blank levels L no anifac. 

r r " r ' " " ' ' " ' "" '™"'- ^ " " " " " " " ' " " ^ ' " ' ' - " ' "^'^ Poly ' - ' -h-e foam (PUR) was no, suitable as adsorbent due to reactions with die off-gases. 

The c^perrment was designed to g ^ bfomiauon about the distribution of PCDD/PCDFs berween the different pans 

I J ^ l 7 r . ' " " , . ^ ° " ^ " ° ' '>'" " ' *= " P = ^ - " ' - ^ - ^^dy the validity of conecion for losses m the 
sampler by addinon of mtemal standards prior to sampUng. 

EXPERIMENTAL PART 

The gas cleaning system of the magnesium plan, consists of three sea water scrubber,. A typical panicle sue 

T h T " 1 ^ ' ' " ' ' ° ' " " ' ' " ' " " " " " ' • ' ' " ^ ^ * " P " " ^ ' " °f < ^ " " ° - ' - ' Mm and >,5 pm dominate (on 
weigh, basis). TTie content of HC. C , and SO, ,. .on average. 60. 20 and .00 mg/Nm3. respecdvely. With respect 
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to other cldororganic species ilic gas contains pentachlorobenzene, hexachlorobenzene. octacldorostyrcne and 
dccaclilorobiphcnyl. The concentration is .on average. 140. 80. 10 and 5 pg/I'Im^. respectively. The gas 

. . . . ....... 1 n _ I <; " n temperature was 10-15 °C 

Sampling 

The velocity of die gas in die dua was measured by means of a pitot mbe at 16 points evenly distributed across the 

area. These measurements showed diat die flow in die channel is of a homogenous nirbulencc lype which is ideal 

for sampling. 

The sampling train is shown in Figure 1. To ensure high colleaing efficiency, for aerosols present in the gas and 

those which are produced during sampling, glass fibre fdters were placed at duce different points on die sampling 

train. Silica gel was chosen as adsorbent due to ils incn propenies. Before sampling, the silica gel (rype Merck 

7733 0.2-0.5 mm) was aaivated for 24 hours at 600 °C. The glass fibre fdters (Gelman 61635. type A/E 142 <D mm) 

were aaivated for 4 hours at 400 °C 

Four '-^C-marked 2.3.7.8-substinited congeneis were added to die sampling crain prior ro sampling and five prior to 

extTBcrion and clean-up (see Table 1). The amount ofthe standards added varied berween 50 and 180 ne (100 )il). 

Simultanous sampling was performed at two points in the gas-sueam. Due lo ihc particle size distribution it was 
very imponant to carry out an isokinetic sampling. The sampling period was 8 hours, at a rate of 20 litres per 
minute. The total sample volume was in ilic order of 8 Nm . 

• ^ HYDRO — 

Figure 1. Train for sampling of dioxins in 
corrosive off-gases from Magnesium Production 
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Extraction, dean-up and analytical procedures 

Quantificarion of PCDD/PCDF was carried out according to the method described in /2/. except that an up-scalc of 

lbe clean—up columns by a factor of 3 was cmploycd. 

Each of the samples was divided into three fractions prior to extraction and analysis; cot^isnng of subsamples 1 to 4 

(fraction I). 5 and 6 (fracdon 2). 7 and 8 (fraction 3. see Figtirc 1). All pans belonging to one sub-sample were 

rinsed with acetone followed by toluene. 

RESULTS AND DISCUSSION 

The isomer profiles of the two samples taken simultanously are compared in Figure 2. 

More than 95% ofthe total amount of PCDD/PCDF in the sample was found in the first fraction containing most of 

tbe paiticulaic matter. The levels in fracdon 3 were equal to the dcteaion limits for neariy all isomers (0.03 ng/Nm 

on average) indicating a complete collection of the fme panicle fraction. The collection efficiency of the glass fibre 

alters mounted at the bottom of the silica cartridges is, in an experiment, proved to be more than 99.9% for particles 

>0.035 pm /3/ . No significant difference was found between the two samples taken out in parcel . This confirms 

diat the sampling was carried out under controlled isokinetic conditions. 

Tbe recovery rates for the congeners added prior to sampling and prior to extraaion/clean-up were comparable (sec 

Table 1). This means that no additional losses occurred during sampling. The relatively low recovery rates of 40% 

Figure 2. Mcasurcmcni of dioxins in off-gases 
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to 50% can mainly be c;^plaincfJ by cons iderable quantit ies of .-iolvcnis which had to be used for rijising and 

extraction due to large surfaces in the sampler. Therefore, a new version js now under con.-itniction which will 

reduce the employed .solvent voliunc substantially, 

13 
The results for tJie C-marked isomers were confirmed by comparing die concentrations of the 2.3,7,8-substimted 

isomers and isomer group parameters for bodi collected samples. Tiic standard deviat ion of the logarithmically 

transformed isomer concentration was 13% on average (6% for die calculaicd 2,3.7.8-TCDD-equivalents according 

to the Nord i c model) . This measure of random scattering is used to g ive an est imate of the number of samples 

necessary for testing cleaning equipment. Assuming thai the estimated cleaning efficiency is 90% and 99%, based 

on the average of two samples, the uncertainties corresponding to 95% confidence limiLs would be ± 1.2% and 

± 0 . 1 % respectively. 

Tab le 1. Recovery ratiea of ^^C-marked i somers added b e f o r e s amp l ing 
and e x t r a c t i o n / c l e a n - u p of t h e two samples t a k e n in p a r a l l e l 

Recovery of '•'c-marked isomers, \ 

Isomers added before 
sampling 

2378-cetra-CDF 
i23478/123479-heita-CDF 
12378-penta-CDD 
:234678-hepta-CDD 

2378-tetra-CDr 
123478/123479-liexa-CDF 
12378-penta-CDD 
1234678-hepta-CDD 

2378-tetra-CDr 
ir3478/123479-hexa-CDF 
:237e-penta-C3D 
1234678-hepta-CDD 

Sample 
no. 1 

Sample 
no. 2 

Fraction no. 1 

23 
33 
26 
33 

39 
48 
44 
39 

Fraction no. 2 

< 1 
< 1 
4 

< I 

< 1 
< 1 
3 

< 1 

Fraction no. 3 

< 1 
< 1 

3 
1 

< 1 
< 1 

2 
1 

Isomers added before 
extraction/clean-up 

23478-ponta-CDF 
1234678-hepta-CDr 
2378-tetra-CDD 
123678-hexa-CDD 
Octa-CDD 

2347e-penta-CDF 
1234678-liepta-CDF 
2378-tetra-CDD 
123678-hexa-CDD 
Ccta-CDD 

23478-penta-CDF 
1234678-hepta-CDF 
2378-tetra-CDD 
123678-hexa-CDD 
Octa-CDD 

Sample 
no. 1 

Sample 
no. 2 

Fraction no. 1 

23 
39 
21 
31 
38 

38 
50 
44 
51 
35 

Fraction no. 2 

54 
59 
58 
62 
54 

39 
45 
46 
46 
45 

Fraction no. 3 

56 
= 9 
53 
= 9 
54 

42 
49 
52 
28 
41 
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