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ABSTRACT 

Chloicpcsl icides and PCB in Ihe ng/1-concantrat ion range are best exlraclod from w a l e i by l i ­
qu id / l i qu id oxiracl ion. Two methods showed higher recovery rales w i th low standard dev iat ion 
and lower method standard deviat ions than l i qu id /so l i d extraction w i th commercia l C-18 phase 
cartridges or extract ive steam d is t i l la t ion . 

INTRODUCTION 

Several established procedures (or the ext ract ion of low polar organic micropol lutants from water 

ato existing, and a thorough invest iga t ion of thoir re la t ive usefulness is needed. A new method for 

cn i i chmen l of chloropesticides and PCB {torn wate i w i t h l ight phase rotation pei lo ia tot is des­

cribed ond compared v;ith 3 establ ished procedures (1/1-exlraclion by a Gorman DIN-method. 

1/s-extraction w i th C-18 phase cartr idges, ex t rac t ive steam dist i l lat ion). 18 Chloropesticides and 6 

PCB-congeneres weto invest igated. Analyses wero performed w i th GC-ECD Slope, rest standard 

dev iat ion, method standard dev ia t ion of a l inear regression, l imits of detection and recovery rates 

were determined app l y ing statistical moans. 

EXPERIMENTAL PART 

For e.ich method. 5 parai lol experiments were carr ied out on 5 concentrat ion levels between 1.5 

and 50 ng/1. Synthet ic samples wero made up from aqua bidest., w h i c h had boon further pur i f ied: 

the water was oxlracted by the co i rospond ing method before endowing it w i t h a solution of the 24 

compounds in acetone.The sample v o l u m e was a lways 1 1. Al l chemicals used were specif ied for 

analy t ica l use. Pentane! had to bo further rec t i f ied before being suitable. 

Gas chfomalggraphy: 

The Voga 6130a gas chromatograph CCarlo Elba) was equipped w i t h a spli t /spl i t less injector and a 

Nl electron capture detector. A re tent ion gap CFS-Ph«nyl-Sil desakt.. O 32 mm x 2.5 m, C8.S) 

preceded the analy t ica l co lumn (CP-Sil-8-CB. 0.32 mm x 50 m. f i lm thickness 0.26 i im. Chrompack) . 
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Car r i e r ga-i wns ni troqtJn, makf; u p g.is <ircjori/mott,an f.95 5). In ject ion of the "1 iil" p r o b e (1.85 (d inc lu-

d i n y nocd la volumfj) v/as c a r t i o d out by t he hoi n<icdlc -mtjthod. fol lowod by 

a spl i t loss lirno of 6 0 s (split rat io 1:40). A t e m p e r a t u r e p r o g r a m was used 

Methods of enrictimenL 

Light-phaso rotation perforator: 

In a 11 rotation perforator (figure 1. according lo Brodosser and Schooloi fl 1). 

the sample was extracted with pentane, refluxing from a 50 ml round flask for 

I h. After transfer of the organic phase to a calibrated flask. 2 ml i-octane were 

added and the extract reduced lo 0.5 ml at about 14 Torr in air bath. 

DIN-method t 2 ] : 

Placed ina 11 Erlenmoyer flask, the sample was strongly mixed with 10 ml Pen-

tar*for 10 min. After standing for another 10 min. the organic phase was separa­

ted by help of a microseparator ar\d after addition of 1 ml i-octan reduced to 0.5 ml as described above. 

Solid phase extraction L 3 ] : 

Tho commercialy available cartridges CC-18 phase. 500 mg. Analylichem) were treated with 5 ml 

hexane. methanol and purified water respectively, before tho sample (containing I % methanol) 

was extracted by help of a slight vacuum with a flow rate of T-17 ml/min. After drying with 

nitrogen, the solid phase was treated with 3 x I ml hexane, the eluate reduced to 0.5 ml upon 

addition of 1 ml i-octan as described above. 

Extractive steam distillation [4 ]: 

The sample was boUed in a round flask for 2 hours (heating output 450 watts). The condensed 

steam flowed into an extraction device, where it passed through a 15 ml layer of cooled hexane be­

fore continually returning intothe bottom flask. After transfer to a calibrated flask and addition of 

1 ml i-octane. the hexane phase was reduced to 0 5 ml. 

Evaluation: 

Directly preceding each chromatogram of an extraction solution, a chromatogram of a standard 

solution of the 24 investigated compounds of comparable concentration in i-octane was taken up. 

Recoveries were determined by relating the 2 sets of data for each experiment The recoveries 

given are average values, determined from sets of 5 experiments that were carried out for each 

concentration level and each method of extraction. As characteristic values for the procedures, 

slope (or sensitivity), rest standard deviation and method standard deviation of linear regressions 

and limits of detection were determined. 

By help of the chromatographic data of tho standard solutions, the area values of each sot of 5 

parallal experiments wore standardized and average values determined, which were then used for 

the linear legression-

RESULTS AND DISClfSSION 

A linear relationship could be established for all methods except the solid phase extraction, where 

for most compounds sensitivity dropped dramatically at 50 ng/1. This is thought to be caused by 

an altogether insufficient extraction capacity and a selective adsorption of compounds with higher 

affinity to the active sites. For the sake of comparability, a linear regression was always applied. 
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The s e n s i t i v i t y v a l u e s w e r e g e n e r a l l y t he h ighes t fot the m e t h o d s of l i q u i d / l i q u i d e x t r a c t i o n a n d 

the lowes t for the s t e a m d i s t i l l a t ion . Very lov/ rest s t a n d a r d d e v i a t i o n s on the o ther h a n d r e s u l t e d 

in m e t h o d s t a n d a r d d e v i a t i o n s for the s t eam d i s t i l l a t ion p r o c e d u r e that w e r e q u i t e c o m p a r a b l e 

w i t h the l i q u i d / l i q u i d m e t h o d s (f igure 2). A v e r a g e v a l u e s of m e t h o d s t anda rd d e v i a t i o n w e r e 2.9 

n g / l (OT the l o l a l i on pe r fo ta to t . 3.4 i\g/l (o: tt'.e DIN-method and 3.8 n g / l fot t he s t e a m d i s t i l l a t i o n . 

The solid p h a s e m e t h o d does (or most c o m p o u n d s not (it into the p i c tu re d u e to its s t r o n g l y n o n - l i ­

near e x t r a c t i o n b e h a v i o u r . 

method standard deviation (ng/l) 

T« P« HC t.1 Ou H« Ep Ai Cn 01 •£ bE DE Mt DD pD oD 26 52 1011381S31B0 

compound 

1,2.4-Trichlorobenzene C T r ' ) 

1 2 .3 ,5 -Te t rach lo robenzene C T e ) 

P e n t a c h l o r o b e n z e n e CPa' ) 

Hexach l ' o robenzene C H C ) 

Lindane ( L i ) 

O u i n t o c o n C O u ) 

Heptach lor ( H e ) 

Heptach lor E p o x i d e C E p ) 

Aidr in ( A l ) 

Endr in ( E n ) 

Dieldr in ( D i ) 

a -Endosu l fan ( a E ) 

P-Endosulfan CbE ) 

P P - D D E ( D E ) 

MetKoxychloi C'Me) 

p p - D D D CDD') 

pp'-DDT C p D ) 

op'-DDT CoD") 

PCB: n 28. o 52. a 101. 

n 138. o 153 a n d a ISO 

•**" rotation perforator 

^ ^ Bolld phaaa axtracl. 

DlN-mathod 

axlract.atasm d l i l . 

F i g u r e 2: M e t h o d S t a n d a r d D e v i a t i o n Values 

Table 1: Ch lo ropes t i c ides a n d 

PCB-Congene re s used in t h e 

Inves t iga t ions 

R e c o v e r i e s r a n g e d b e t w e e n abou t 80 a n d 9 0 % (ot the l i q u i d / l i q u i d me thods . At 50 n g / l . the DiN-

m e t h o d was found to be more efficient, w h i l e near the l imits of de tec t ion , ex t r ac t ion by r o t a t i o n 

perforator p r o d u c e d h ighe r r e c o v e r i e s . For both p r o c e d u r e s , r e c o v e r y was a l w a y s better t h a n TO 

%. S t a n d a r d d e v i a t i o n s w e r e t y p i c a l l y abou t 10 %. U n a c c e p t a b l y low. still a lmost cons tan t at a l l 

c o n c e n t r a t i o n l eve l s w e r o the r e c o v e r i e s w i t h lhe e x t r a c t i v e s team dis t i l la t ion. O n l y o c c a s i o n a l l y , 

v a l u e s a b o v e 70 % w e r e o b t a i n e d . R e c o v e r i e s e v e n b e l o w 20 % w e r e found for p -endosu l f an a n d 

h e p t a c h l o r . The solid p h a s e p r o c e d u r e g a v e r ecove r i e s b e t w e e n abou t 80 a n d 100 % a n d s i a n d a r d 
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deviation values between 15 and 30 % at 4 

and 10 ng/l. respectively, Al 25 and 50 ng/l. 

recoveries declined, leaving only lindane 

and quintocen above 70 % al 50 ng/l. Methoxy­

chlor. fl-endosuifan and to a certain extent 

endrine, dicldrine and a-endosulfan showed 

unreliable values of recovery, independent 

of the concentration. Results for all methods 

at 10 ng/I are shown in figure 3. 

The best degree of enrichment was obtained 

by the extraction with the rotation perforator. 

Regarded also from a practical viewpoint, 

the DIN-method was still more appealing, 

since with simple, inexpensive equipment, 

the extraction was accomplished easily and 

fast with relatively small amounts of highly 

purified solvent. Problems with phase separa­

tion may occur with both methods on analy­

zing real samples. Extractive steam distilla­

tion and solid phase extraction bolh revealed 

high deficiencies in their respective extraction 

behaviours. A steep decline in permeability 

was observed with the solid phase syslem 

when analyzing real samples containing 

considerable amounts of microorganisms, 

making extraction difficult. The cause (or the 

low enrichment potential o( the steam distilla­

tion is probably insulficient exchange be­

tween the condensed steam and (he organic 

solvent. 

recovery rate (%) 
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Figure 3: Recoveries at 10 nq/1 
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