
sou 
Session 22 

THE OONOEPTIOIT OP GAS-CHHOMATOGRAPHIC AHD CHEOMATO-MASS-
SPBCTEOMBTRIC DETECTION OF POLYCHLOHINATED DIBENZO-p-DIOXINS 
AND DIBETZOPURANS IN DRINKING WATER 

Pomazanov V . , K u n t s e v i c h A . , Vengerov Yu . , D m i t r i y e v a L , , 

Asadova L . 

Resea rch C e n t e r of Molecu l a r D i a g n o s t i c s and Therapy , 

1131^9 Moscow, R u 3 s i a 

D e s p i t e c e r t a i n p r o g r e s s made i n t h i s c o u n t r y i n t h e o r g a n i z a ­

t i o n of r e s e a r c h on d e t e c t i n g t r a c e q u a n t i t i e s of d i o x i n s , a t 

l e a s t , t h r e e c a u s e s do n o t a l low t h i s a n a l y s i s t o be performed 

on a l a r g e s c a l e and be f e a s i b l e f o r l a b o r a t o r i e s working i n 

t h e system of n a t u r e and h e a l t h p r o t e c t i o n s e r v i c e s ; h i g h c o s t of 

a n a l y s i s ; d i f f i c u l t i e s i n p r e p a . r a t i o n of s a m p l e s ; i n a v a l l a b i l i t y 

of imported c h r o m a t o - m a s s - s p e c t r o m e t r i c equipment . 
The t e r r i t o r y of R u s s i a and t h e former USSR remains a b l a n k 

space which i s p o t e n t i a l l y con tamina ted wi th an unknown q u a n t i t y 
of d i o x i n s and may b e dange rous f o r I t s own p o p u l a t i o n and f o r 
t h e p o p u l a t i o n s of t h e n e i g h b o u r i n g s t a t e s . I t i s n e c e s s a r y t o 
have a governmenta l programme aimed a t equ ipp ing s p e c i a l i z e d l a b o ­
r a t o r i e s and e n a b l i n g them t o perform mass a n a l y s e s on t h e s e 
l a r g e a r e a s . A m u l t i - l e v e l c o n c e p t i o n I s p r o p o s e d : 

1 s t l e v e l : P r e l i m i n a r y g a s - c h r o m a t o g r a p h i c mass a n a l y s e s on 
s i t e s . Commercial p r o d u c t i o n of gas d e v i c e s (3700 and K r i s t a l l -
2000) w i th an e l e c t r o n - c a p t u r e d e t e c t o r and s i l i c a c a p i l l a r y 
columns (50-80 m l o n g , i n n e r d i a m e t e r 0 . 2 0 , 0 . 3 2 and O.?? mm) 
t h e c o s t of which d o e s n o t exceed 2000 $ . I n 1992, 100 such d e v i c e s 
have been f u r n i s h e d . U n i f i c a t i o n of a p r o c e d u r e f o r p r e p a r a t i o n 
of d r i n k i n g w a t e r s a m p l e s . The vrork on t h e development of an en ­
zyme immunoassay k i t f o r group and. I n d i v i d u a l e x p r e s s - d e t e c t i o n 
of d i o x i n s . 

2nd l e v e l : A u n i f i e d p r o c e d u r e of sample p r e p a r a t i o n . A low-
r e s o l u t i o n c h r o m a t o - m a s s - s p e c t r o m e t e r . About 10 equipped c e n t r e s . 
The work on t h e development of a domes t i c d e v i c e . 

3rd l e v e l : H i g h - r e s o l u t i o n ch roma to -mass - speo t rome t ry w i t h 
a u n i f i e d p r o c e d u r e of sample p r e p a r a t i o n and s e p a r a t i o n . 2-3 
equipped c e n t r e s . The work on t h e development of a domes t i c d e v i c e . 
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Gaa-ohromatographio analvBls. The c r i t i c a l ecological s i tua­
tion is intensified today by the aggravation of the po l i t i ca l and 
acononical l i f e in the countries of the former USSR, by thei r 
common poor technical development and, in par t icular , by the lack 
in thffln (except for Russia) of commercial production of chromato­
graphic and chromato-mass-spectrometric equipment. However para­
doxical i t i s , but the main serv:Lces engaged in nature protection, 
suoh as aanitary-apidemlological, ecological, agrochanical station^ 
and laboratories , do not possess modem capillary gas-chromato­
graphic equipment and have no ex]5erience in employing th i s method 
at a l l although i t i s absolutely necessary for separation of com­
plex mixtures of polychlorinated aromatic hydrocarbons. Analyses 
of dioxins performed in the coiJintry in the recent time were car­
ried out with the use of ear l ier purchased imported equipment and 
chromatographic materials vrtiich pract ical ly exhausted the i r 
resources. 

All th i s makes the task of organization of services for control 
of dioxins and other superecotoxicants in the environment of such 
an enormous part of the territor;7 of Europe and Asia under condi­
tions of p o l i t i c a l , economical and technical ins tab i l i ty in the 
country highly d i f f i cu l t . 

To equip the most effective nature-controlling services, such 
as sanitary-epidemiclogical s ta t ions , we have chosen as a basic 
one the device (model 5700) commercially produced by the Moscow 
plant "Chromatograph" ar\r\ developed on the basis of the specifica­
tions of the firm Varian, USA. Eut our domestic device is additio­
nally supplied with a lonit for sample Injection into the capillary 
column and with a highly sensitive electron-capture detector 
(detection l imit 2 • 10" g/sec). The procedure of watar sample 
preparation, separation and detection of the mixture ingredients 
permits us to determine 2,5»7»8-tetrachlordlbenzo-p-dioxin3 on 
the level of 0.01 ng/l (1 ,2) . 

"le used the known method of water extraction by hexane with 
subsequent evaporation miir̂  purification of the extract on a column 
with s i l i c a gel treated in succeission with alkali and sulfuric 
acid (1) . For separation of dioxin and dibenzofiiran mixtiores si l icp 
capillary columns produced by us (3) were used. They are up to 
80 m long and are treated with polar and non-polar stationary 
phases and the i r mixtures. Their use has increased tho r e l i ab i l i t y 
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of i d e n t i f i c a t i o n of some almost inseparable sample components 
( tox ic components, in p a r t i c u l a r ) . The cost of gas-chromatographic 
determinat ion in t h i s case does not exceed 100-150 $, which has 
permit ted the use of mass analys is of a l a r g e number of samples 
with required s e n s i b i l i t y and a r e l a t i v e l y high r e l i a b i l i t y . 
To reduce the cost of dioxin ana lys i s , I t i s supposed to supply 
s a n i t a r y l a b o r a t o r i e s with enzyme immunoassay d iagnos t ic k i t s for 
the most tox ic isomers or a group of Isomers. 

For increas ing the r e l i a b i l i t y of i d e n t i f i c a t i o n of d ioxins or 
for confirming the da ta of gaa-chromatographic analyses ca r r i ed 
out on s i t e s , an imported chromato-mass-spectrometric equipment 
was used a v a i l a b l e , as a r u l e , in l a rge cen t res of the oountry ( l ) 

Chromato-mass-a-pectrometric anaLTsis. The following equipment 
was used for i d e n t i f i c a t i o n : 5988A (Hewlett-Packard), 11D-700, 
MAT-311A and the Varian 3^00 system with a mass-spectrometer with 
double focusing (HS-J^-JO) permi t t ing a de t ec t ion threshold of 1 p.̂ r 
Research and instrument-making organizat ions of the Ministry of 
Health and Academy of Sciences of Russia have designed a spec ia l 
apparatus for ana lys is of dioxins on the bas i s of the gas chromato­
graph Kr is ta l l -2000/3000 (4) am?, a compact mass-analyser with 
double focusing of an ionic bunch reaching a de tec t ion l imi t of 

—10 2 • 10 g upon ion iza t ion by an e lec t ron s t r o k e , a range cf 
mass numbers 1-3000, a maximal r e so lu t ion of 800 on the l eve l of 

[ 10% of the peak he igh t . 
For i d e n t i f i c a t i o n and q u a n t i t a t i v e ca l cu l a t i ons we have orga-

I aized the production of k i t s of mixtures of d ioxins and dibenzo­
furans as well as Individual compounds. 

Resul ts and onnclusiona. The developed a n a l y t i c a l procedures 
and complex l a b o r a t o r i e s are mainly intended for con t ro l l ing 
the qua l i t y of dr inking water and water from the sources of urban 
water supply. The analyses of dr inking r i v e r water from the main 
r i v e r s of Russia, Ukraine, S ibe r ia and Uzbekistan performed in 
1990-I992 showed the presence of some polychlor inated dlbenzo-p-
dloxins and dibenzofurans p r a c t i c a l l y in a l l t e s t ed samples often 
in concentra t ions exceeding the maximally permiss ib le ones. 
Samples of t ap dr inking watar in auch l a rge aM important cent res 
as Moscow, S t .Pe te r sburgh , Volgograd, Kiev, Ufa, Tashkent, Seva­
stopol made no exception. Even higher concent ra t ions of dioxins 
were found by us in d i f f e ren t s o i l s and s i l t s , e spec ia l ly In 
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regions of intensive agriculture and wastes discharges. Below, 
ths data characte:?izing the qual i tat ive and quantitative composition 
of some dioxina in water samples from a number of regions of Russia 
and Ukraine are presented (see Table). 

Of par t icular concern is the s ta te of the Ufa region v/here che­
mical substances containing high concentrations of dioxins have 
been produced for many years. The Moscow water supply also excites 
apprehension for, at l eas t , in one of four reservoirs trace quan­
t i t i e s of tetrachlordioxins are regularly recorded. 

Thus, the data obtained prove convincingly the contamination 
with dioxins of the basic sources of water supply in the largest 
c i t i e s of the former USSR. At the same time, the knowledge of the 
true ecological s ta te in the country and of i t s water sources cannrt 
be obtained now because of the poor technical equlpaent of organi­
zations engaged in nature protection end the general poor develop­
ment of the country in the field of analytical instrument-making. 
Realization of the 1st level of analysis will make i t possible 
to perform semi-quantitative studies in the nearest 1.5-? years 
with the use of domestic gas-chromatographic devices. Chromato-
mass-spectrometric investigations (2nd and 3rd levels) will require 
a cooperation with western firms. 
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Table 

DATA ILLUSTRATING THE P.HESEMCB OF DIOXINS IN DRINKING AND RIVER WATER, ng/l, 

PEEMISSIBLE LEVEL (USSR, 1991) FOE 2,3,7,8-TClDIi - 0.020 ng/l 

(A O 
o t-

IO 

Poly-CIDD i^^^ 1 ^ 1 ^ 1 ' 1 ° ^ ^ ^«l®f;^li¥29i?Y 
•April-90 May-91 'reservoir 

pw Dnieper JVolga .Neva JSevastopol 
j r i v e r , jTiver, J r i ve r , ,<5ity, 

November-91 water, i ^ ? ^ ^ " ' ' ^ : ! ? ^ ! ' * ^ ' ^ : ! * ; ^ ^ * * " " : * ^ , ^ * § ^ * ^ ' Wftv-m _Q-i.cit7» t^^ity. .burgh, .June-91 
aovem.-91.ygy_g^ lMay-91 June-91 I 

i tap 

oo 
t o 

t e t r a 
1 .3 .6 .8 -

1 .5 .7 .9 -
1,3,6,8 -

1,2,3,4 -
2 ,3 ,7 ,8 -
pentha -
hexa 88.0 
hepta 120 
octa 760 

equiv. 
contamination 

0.650 

0.007 0.015 

0.740 

0.080 
0.190 

-

-
0.620 

-
-
-
— 

-
-

0.080 

-
-
-
-
— 

0.001 
0.130 
0.150 
0.170 

0.01 
0.16 
0.32 
0.21 

0.014 

0,430 

0.01 

0.15 

0.021 

0.510 

0.180 

0.008 
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