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Abstract 

Present: work describes an experimental sec-up to process sanples of air, water 
and soil in order to detect pollution by halogenated organics. The basic principle 
is tho optoelectronic evaluation of the inl:cnsity of the green flame produced when 
v.Tpours coataininR the contaninants impir.ge on a heated copper spiral (Bcilstein's test). 
Results obtained with simulated samples show that the method is sensitive and reproducible 
although it only gives the sum total of halogenated compounds and does not distinguish each 
component. Further work is in progress to miniaturise the set-up. 

Introduc tion 

The laboratory detection and determination of halogenated organic compounds using so

phisticated methods like gas-chromatography, HPLC etc. [jrcsent no problems. 

What seems to be of great use, ts a field method which can supply rough 

information wliore exactly is the environmental contamination present so that relevant 

samples tan be collected for further laboratory investigation. This consideration promp

ted us to investigate a simple and reliable method to process air, water and soil sam

ples in, for example, accidental pollution cases where it is urgently required to pin

point the place where a contamination with halogenated organics has taken place and 

if so whether the contamination is light or heavy and whether the contaminant is 

easily volatile or not. In the first instance, therefore, we had to devise an extremely 

simple and quick method to process air, water and soil samples in order to liberate 

the contaminant which had then to be detected and estimated at least semi-quantitative-

ly. Our choice for a basic principle to .sense halogenated organics fell on the well-

known copper-wire test according to Beilstein . The test is however of a pure quali

tative nature ,ind meant for single determinations. We had therefore to optimize a set

up to generate the green flame of the Beilstein test continuously and then apply 

opto-clcctronic methods lo correlate the green flame intensity with the concentration 

of the halogenated compound. It is interesting to note at this stage that we found that 

the oxidation of a large number of halogenated organics proceeds to 100 % completion 

when the same lakes place with black copperoxide as catalyst in an atmosphere of butane 

or propane. Tho reaction products burn with a green flame and can therefore be detected. 

This fact provided us with a simple method to liberate the halogen directly from the 

sample which would be a safe procedure in case of dangerous substances like Dioxins 

and related substances. Tlie instrumental set-up in its innovative form is described 
7 

in our German Patent". 
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i-i(',ur(.- 1 .'iliow:; tin? ;,(lu.'iri;iti c il i .'u',i-mi of .-j I iilMH.il ury scl.-iip '.(JUS i :;L i ii^j of ;i s;ini|)lc 

I rcMi.iiii'iii |iiu I A, .111(1 the dcLfi i i n^ |);i[ I W oJ ,111 1 n;;i ruiiioiiL wi; coiisLrucrcd for f i e l d 

ii.si.'. 'Iln.' IC'tj'Mtd III I lie fi);ijr<.- 111 imii juc I. i on wjUi l.lif fr)]Iowinj> l.cxt makes c lear l.he 

worki i i j ; (if 111'.- i i i i i l . 111 C.'IM.- nl ; i i r , w.itcr- .'iiid s(. i l sutve i I I mice. 

I ) Ai r survt ' i I h i i i ce : I l i c lupb 19 .ind '.'.0 nre c lo i ied. 'Ilie a i r LO 'OC .'iiialyiicd is sucked by 

t.he mii i iaLure pump 17 .iiid strenms from Luhe 13 jnLo a larger r.ul)e 12 at such a 

raLe LhaL l l ie in l f -L a i r from t.uhc 11 whicli is connecLetl t.o Lhe sensor u n i t B i.s abso-

luLely r epresent ; i i . i ve. 'llie mJcromnnomcLer 1^ serves as c( jnLro l . l l ie sample i s sucked 

aL an uniform raLe by Llie Venturi 'i of a IJunser burner b and impinges then onto a coppei' 

s p i r a l fj which i s furt .er enveloped by flame 7 which is adjusted by valve 2. This arranyemenL 

ensures Lhat the c(j[)per s p i r a l i s always w i i h i n the o x i d i s i n g part of t l ie flame and 

hence produces the green flamo when vapour conta in ing halogens impinge on i t . 

2) Water sur vel I lance. l l i e water sample (2 l i t e r s ) is ext racted for j u s t ^ mirujtes wi th 10 n i 

dodeciiiie usig .a h igh spuc-d IJIender (about. 8000 rpm.) working on 6 V . b a t t e r i e s . The 

exLiaciL i ig .solv(!nt i s d i s t r i b u t e d as extremely f i ne d rop le ts which coalesce w i t h i n 

a few minutes to form a layer from which an a l i quo t can be eas i ly p i p e t t e d . The sample 

i s [ilaced in coraa iner 13 which is equipped wi th con t ro l l ed heat ing to 110 C. Wlicn a i r , 

f i l t e r e d through cha rcoa l , contained in container 16 bubbles through the heated dodecane 

the halogenated organic i s s t r ipped and leaves through tap 20 Tlie h igh b o i l e r dodecane 

produces hardly any i n t e r f e r i n g vapour. Ttu; de tec t ion ste[) i s ttie same as described 

above. 3) Soi1 surve i1 lance. So i l samples (about 50 g) are extracted w i th dodecane 

20 ml . Tlie dodecane dlH}uot i s processed and detected as above. A l t e r n a t i v e l y one can 

use the e l e c t r i c a l I y heated conta iner 15 to process d i r e c t l y a s o i l sample. 

Resu l ts . 

To es tab l i sh the performance ot the un i t we ca l i b ra ted the instrument f i r s t 

w i t h a i r samples having de f in i t i ? concentrat ions of I f ich loroethy lenc using the standard 

3 

method of the "Kommissioii zur Prijfung gesundhei tsschad l i che r Arl)ei t s s t o f fc . A c ross 

check w i th gas chromatography was a lso [lerformed. Test samples of a i r , water and wet 

c lay s o i l were contaminatt;d wi th t r i ch l o roe thy lene in such concent ra t ions which 

corresponded to the l i m i t s and ; i Iso l o belcw l i m i t s prescr ibed in the MAK l i s t and 

the "Trinkwasser Verordnung 1986" of the o f f i c i a l organs of West Germany. Table 1 summa

r i s e s the r e s u l t s 

Ai r sample Water sample So i l sample 

Giis-C^irom.anal . 25 ppm 0.01 mg/l 31 mg/kg 

iO ppm 0.002 mg/l 20.6 mg/kg 

Itistrument descr i 

bed 

27 ppm 

1*2 ppm 

0.008 mg/l 

O.OIH mg/l 

33 mg/kg 

22.3 mg/kg 
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Di scussion 

Results show that i:hc set-up deticribcd is capable of yielding quick and reasonably 

accurate results with simulated contaminated samples. The limitations of the method 

is its inability to distinguish each contaminant; it only shows the sum total of 

all halogenat:ed organics. However, due to its remarkable sensitivity it is possible to 

extend the use of the principle described. Further work is in progress to establish 

the use in actual field application to monitor the contamination caused by burning 

plastics and impregnated textiles. Favourable results have been obtained with preli

minary adsorption on special silica followed by thermal desorption int:o very small 

volumes of air whi.ch are then made to impinge on the copper spiral. 
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Legend to Figure 1 

A sample ere.Ttment part B Detection part 1. Q u a r t z capillary tube 
2. C a s regulation valve 3. Propane gas flask U . and 5. Bunsen burner 
and venturi 6. Copper wire spiral 7. M i c r o f l a m c 8. Interference filter 
565 nM 9. Diode receiver 10 A m p l i f i e r for Di g i t a l A n a l o g u e display 
11. A s p i r a t i n g tube for B part 1 2 . E q u i l i b r a t i o n tube 13. Exit tube 
of A part 14 Micromanomcter 15. Dod e c a n e h e a t i n g tube with heat 
regulator 16. Charcoal filter 17. Mini airpurap 18. 19. 20. valves 
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