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Summary 

Tho reactions of chlorocrganio compounds al high temperaturo (1,2) indicated that PCDD/F may be formed 
during tho distillation procoss in dry-cloaning machines. For that reason tho distillation residues of dry cleaning 
shops, industrial dry-cloanors and dry-cloaning machines of textile factories were analysed. All samples con-
tainod PCDD and PCDF in relative large amounts (ppb) and a similar distribution type, wore H7CDD and OCDD 
dominated. 2,3,7.B-TCDD was dotectod in almost every sample (3,4,7,8). Some lurther samples were taken 
from other parts of tho 'PEH-cirole' to find out whether the PCDD/F came only from the distillation process or 
also from othor sources. The rosults indicated tho distillation process to be the main source, but showed that 
olher ways ol a PCDD/F entry aro possible. 

Introduction 

Within tho framework of this rosoarch program series of a dlfferont tests were carried out. At first, a survoy was 

made on the concentrations of polyhalogonatod dioxins and lurans in distillation residues. Tho sludges ol 

sevon'different dry cleaning shops, two industrial dry-cloanors and two toxtilo factories wero examined (3). 

To clarify the origin and formation of the PCDD/F more samples from othor points of a dry-cleaning machine • 

run on perchloroethyleno - were taken and analysed. Using a swoator the Influence of the cleaning process on 

the clothing and tho input was oxamlned. 

Figure 1 shows the scheme of a dry-cleaning machine; the numbers Indicate whero samples wore taken (see 

also table 3). 

F ig . l : Scheme of a dry-cleaning machine (5) 
a cago, b air circle, c lilter, d still, 0 cooling coils, f wator separator, g button trap, h main solvent 
lank, i pure solvent tank 
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Experimental 

Samoles 

Tha distillation residues o( tho differont dry-cleaners aro ol vaiiablo consisttjnco as a function of the distillation 
parameters (solid-liquid). In tho seven dry cleaning shops only normal clothing was cleaned, in the Industrial 
dry-cleanings also working cloth, carpels etc. were treated, while the textiio factories only dry-clean thoir own 
now products. Perchloroelhyleno-sonsilivo materials and garments like leather, suede, plastic beads and trim­
mings were treated with chlorolluorohydrocarbons (as trichlorotrilluoroolhano R113 or h-ichloromonofluoro-
methane R11) as solvent (5,6). For this reason a tluorocarbon-dislillation sludge was analysed as woll. 

gample extraction and clean up 

The ensuing method was usod for the clean up o( samples from tho dry-cleanings: 

1) Quantification: The sample was spiked with on "C-labeled internal standard mixture, containing 
TCDD/F-OCDD/F standards 

2) Extraction: liquid samples were extracted 4ehrs with toluene In a soxhlet apparatus; liquid organic 
samples were applied directly on the column 

3) Cleanup procedure: Tho cleanup was made by liquid column chromatography, with soveral 
adsorbents. The following columns wero used generally in various combinations, 
-acld-silica-column: Each sample was applied to a column of 20 g washed silica and 350 g 44% 
HjSO^/slilca, prewashed with 250 ml hexane. After sample application the column Is eluled with 400 ml 
hexane. 

-acid/baslo silica-column: This column Is lillod from bottom to top with 5,6 g 33% NaOH/silica; 0,5 g 
activated silica; 7,3 g 44% H^SO /̂siiioa; 1 g 22% H,SO./silica; the concentrated solution of tho sample 
(ca 10 ml) was applied to the column and eluled wifh 60 ml hexane. 

-alumina-column: 50 g activated alumina oxide; 40 g Na,SO.; prewashed wilh hexane. After application 
of the sample dissolved In benzene the column eluted wilh a) 160 ml benzene; b) 400 ml 
hexano/dlehioromethano 98:2; c) 300 ml hexane/dlchloromethane 1:1. 

If the cleaning was Insufficient, the columns were used with Ihe double quantity of adsorbents and sol­
vent. In some cases additional columns wero necessary. 

6C/MSftnaly5i5 

For the GC/MS analysis, a mass selective detector. Mod. 5970 HP directly coupled with a Mod. 5890 gas-
chromatograph (HP) was used. The GC condhtons were as follows: 12.5 m ultra 2 capillary column; Injector 
280°C splll/splitloss 1.5 min; program: oven lemp. 100°C for 2 min isotherm, then 20°C/mln to 180°C, 5°C/min 
to 320°C, 7 min isotherm. Carrier gas Helium: 0.5 bar. 

For isomeric specification a high resolution GC/MS system was usod: gaschromatograph Varian 3400, MS 
Rnlgan MAT 8200, Dalensystem 55300. Gaschromatographic conditions: 60 m capillary column SP 2331 
(Supelco); Qerstel cold Injectton system: final temperaturo 280°C, oven temp. 100°C, 1 min isotherm, 20°C/min 
to 180°C, 5°C/min to 320°C, 7 min Isotherm.Carrier gas Helium: 0.5 bar. 

Results and Discussion 

The results of the analysis are Illustrated in tables 1-3. 

Figure 2 shows a typical PCDD/F congener pattern found In dry-cleaning residues. The ratio of dioxins and 
(urans Is on the average 10:1. Neatly In all cases the residues contained 2,3,7,8-TCDD; nevertheless the large 1-
T£F-values results from a large contribution of the H,CDD and CXIDD, depending on the extremely Increase 
from TCDD to OCDD. In dry cleaning shops the amouni ol PCDD/F Is in general lower than in industrial dry-
cleanings and textile factories. 
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Dry-dGaninq 
PCDD/P disiribulion ot congonora 

F i p . ? 

• * 6 f l T f l * 5 B 7 e 

DIOXINS FURANS 
Sampla 1 (table 1) 

The congener distribution and the high concentration of PCDD/F In textiio factories (where only new products 
were cleaned) demonstrate that the PCDD/F (ound In the dry-oleanlng wastes cannot be attributed to absorp-
lion of automobile exhaust components in clothing. 

In order to draw conclusions about the origin of the PCDD/Fs, several samples wore examined from other 

points of tho dry-cleaning machines and Irom clothing (dyed cotton) before and after treatment (30 times) in a 

PER-maohlne. The analysis of the new garment show a concentration In the ppt-range, that may result from 

conservation of the cotton, dressing or dyes. After dry-cleaning only the distribution has changed, not the I-TEF 

value. 

Oetailod tests about the formation of dioxins and furans are In progress. 
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