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The e lec t ron  capture gas chromatographic ana l ys i s  
of DDA, the ca rboxy l i c  acid metabo l i t e  of DDT, requ i res  
the format ion of a s u i t a b l e  v o l a t i l e  d e r i v a t i v e .  The 
methyl es ter  has been u t i l i z e d  but had the u n s a t i s f a c -  
to ry  c h a r a c t e r i s t i c  of poor e l ec t ron  capture response 
( I ) .  This paper repor ts  the u t i l i z a t i o n  of the 2 - c h l o r o -  
ethanol d e r i v a t i v e  in the e lec t ron  capture gas chroma- 
tog raph ic  ana lys is  of DDA. 

MATERIALS AND METHODS 

Apparatus and Equipment: The gas chromatograph used 
was the Tracor Model MT-220 f i t t e d  w i th  an e lec t ron  
capture de tec to r  system operated under the f o l l o w i n g  
cond i t i ons :  a glass column, 6' x I / 4 " ,  packed w i th  
1.95% QF-I / I .5% OV-17 on Supe lcopor t ,  80/100 mesh; 
n i t rogen  c a r r i e r  gas wi th  a f low ra te  of 60 ml/min;  
column temperature,  200~ i n j e c t i o n  po r t ,  225~ and 
de tec to r  temperature,  210~ 

Chromatographic Columns: Size 22, i . d .  7 mm, length 
200 mm, Kontes No. 420100. 

Standards: A n a l y t i c a l  standard of 2 , 2 - B i s ( p - c h l o r o -  
phenyl) ace t i c  acid (p,p ' -DDA) 99+% was obta ined from 
the p e s t i c i d e  r e p o s i t o r y  of the Per r ine  Primate Labora- 
t o r y ,  Pe r r i ne ,  F lo r i da  33157. 

Reagents: Hexane and Benzene, M a l l i n c k r o d t  Nanograde 
so lvents  or equ i va len t .  Boron t r i c h l o r i d e - M e t h a n o l  
10% BCI 3 (w/v) and Boron t r i c h l o r i d e - 2 - c h l o r o e t h a n o l  10% 
BCI 3 (w/v) were obta ined from Appl ied Science Labora to ry ,  
State Col lege,  Pennsylvania.  
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S i l i c a  ge l ,  Woelm, A c t i v i t y  Grade I ,  Waters 
A s s o c i a t e s ,  I n c . ,  Framington,  Mass. The adsorbent  was 
d r i ed  f o r  48 hours at  170~ and s to red  in a d e s s i c a t o r .  
On the day of use, 1 gm of s i l i c a  gel was deac t i va ted  
by adding 15 m i c r o l i t e r s  of water  and 1 gm of  s i l i c a  gel 
to a 125 ml Erlenmeyer f l a s k .  The f l a s k  was s toppered 
and r o t a t e d  u n t i l  the water  was evenly  d i s t r i b u t e d  th rough-  
out  the adsorben t .  The adsorbent  was a l lowed to e q u i l i -  
b ra te  f o r  2-3 hours w i th  p e r i o d i c  shak ing .  The chromato- 
g raph ic  column was prepared j u s t  before use (2 ) .  

D i s t i l l e d  wa te r ,  sodium s u l f a t e  and g lass wool ,  
e x t r a c t e d  w i th  Nanograde hexane, were used th roughou t  
the exper iment .  

E s t e r i f i c a t i o n  Procedure:  To app rox ima te l y  5 mg of  
p,p ' -DDA in a t e s t  tube was added 2.0 ml of BCl3-Methanol 
10% w/v,  or 2.0 ml of B C l 3 - 2 - c h l o r o e t h a n o l  10% w/v. 
Placed in a steam bath f o r  t h i r t y  minutes ,  removed and 
quenched the r e a c t i o n  w i th  5 ml of co ld d i s t i l l e d  wa te r .  
Ex t rac ted  th ree  t imes w i th  3 ml p o r t i o n s  of hexane. 
Combined the hexane e x t r a c t s  and f i l t e r e d  through anhydrous 
sodium s u l f a t e .  Ad jus ted  to a p p r o p r i a t e  volume f o r  a n a l y s i s  
by e l e c t r o n  cap tu re  gas chromatography.  

P repa ra t i on  of  Standard S o l u t i o n s :  A s tock s o l u t i o n  of 
p ,p ' -DDA in benzene was prepared by weigh ing 52 mg i n t o  a 
50 ml vo l ume t r i c  f l a s k .  D i l u t e d  to volume w i th  benzene. 
The methyl es te r  and the 2 - c h l o r o e t h a n o l  d e r i v a t i v e s  was 
prepared from the s tock s o l u t i o n  by e s t e r i f i c a t i o n  w i th  
BCl3-Methanol and B C l 3 - 2 - c h l o r o e t h a n o l ,  r e s p e c t i v e l y .  
The c o n c e n t r a t i o n  of the r e s u l t i n g  work ing s tandards  was 
211 pg/~ l  and 64.4 pg /u l  of  the methyl es te r  and 2 - c h l o r o -  
ethanol  d e r i v a t i v e s ,  r e s p e c t i v e l y ,  c a l c u l a t e d  as DDA. 

E f f i c i e n c y  o__f_f Conversion o f  p,p ' -DDA to the 2 -Ch lo ro -  
ethanol  D e r i v a t i v e :  To check the e f f i c i e n c y  of convers ion  
of p,p ' -DDA to the 2 - c h l o r o e t h a n o l  d e r i v a t i v e ,  a p p r o x i -  
mately 20 mg p o r t i o n s  of  p,p ' -DDA were a c c u r a t e l y  weighed 
i n t o  each of s i x  50 ml t e s t  tubes (g lass  s t oppe red ) .  The 
samples were e s t e r i f i e d  w i th  I0 ml of  B C l 3 - 2 - c h l o r o e t h a n o l .  
A f t e r  e s t e r i f i c a t i o n  procedure ,  the hexane e x t r a c t s ,  in 
p r e v i o u s l y  ta red  c o n c e n t r a t o r  tubes ,  were taken to dryness 
over a gen t le  stream of  n i t r o g e n .  Concen t ra to r  tubes 
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were then placed in dessicator overnight to assure 
dryness and allow time to equilibrate. The concentra- 
tor tubes were then accurately reweighed to determine 
the weight of the 2-chloroethanol derivative of DDA. 
The efficiency of conversion of DDA to the 2-chloro- 
ethanol derivative was calculated. 

Elution Pattern and Recover~ of 2-Chloroethanol Deriva- 
tive of DDA from--t-~e Silica GeT Column: Occasiona--~ 
i-t--Ts necessary to ~lean-up urlne samples from the  
"general human population" prior to gas chromatographic 
determination u t i l i z ing  the electron capture detector 
to remove interfering substances. The si l ica gel 
column chromatographic clean-up as described by Shafik, 
et a a~l., (2) provided adequate clean-up of the 2-chloro- 
e-t-hanol derivative of DDA prior to electron capture 
detection, 

Duplicate samples of the 2-chloroethanol deriva- 
tive of DDA (0.64 micrograms) were placed on si l ica 
gel columns and eluted with hexane followed by lO, 
20, 30, 40, 50, 60, 70, and 80 percent benzene in 
hexane. Each sample was analyzed gas chromatographically 
to determine the elution pattern and percent recovery 
of the 2-chloroethanol derivative. 

Response of 2-Chloroethanol and ~ Ester Derivatives 
of D D.A to'-Electron Ca pture-Detectlon: ~-6--B'etermine the 
s-ensltiv-Tty of the 2.chloroethanoi derivative of DDA as 
compared with the sensit iv i ty of the methyl ester de- 
rivative of DDA to electron capture detection; five 
injections, each containing 1.28 ng of the 2-chloro- 
ethanol derivative and 2.11 ng of the methyl ester 
derivative, were made into the gas chromatograph. The 
response was calculated for each derivative in terms 
of area under the curve and expressed as square m i l l i -  
meters per nanogram. The response ratio of 2-chloro- 
ethanol to the methyl ester was calculated. 

RESULTS AND DISCUSSION 

The efficiency of conversion of p,p'-DDA to the 
2-chloroethanol derivative is shown in Table I.  
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TABLE l 

EFFICIENCY OF CONVERSION OF p,p'-DDA TO THE 
2-CHLOROETHANOL DERIVATIVE 

No. 

1 

2 

3 

4 

5 

6 

p, -D. DA g) 
19.0 

22.5 

18.0 

22.7 

22.4 

18.1 

Weight of 
2-Chloroethanol % Conversion a 
Derivative (mg) 

25.2 ] 92.1 

29.4 i 93.5 
24.6 89.4 

I 

30.9 89.7 

28.7 95.3 

24.8 89.1 

Mean + S.E. = 91.5 + 1.0% 

a 

% 
Conversion = 342 X Weight of p,p'-DDA 

280 x Wt. of 2-Chloroethanol Derivative X I00. 

The s i l i ca  gel column chromatographic clean-up of 
the 2-chloroethanol derivative of p,p'-DDA was suff ic ient  
for the gas chromatographic analysis u t i l i z ing  the elec- 
tron capture detector. 

The percent recovery of two samples, each containing 
0.644 micrograms of p,p'-DDA after formation of the 
2-chloroethanol derivative with BCl3-2-chloroethanol I0% 
w/v from the s i l ica gel column is glven in Table 2. 

TABLE 2 

PERCENT RECOVERY OF 2-CHLOROETHANOL DERIVATIVE 
OF DDA FROM SILICA GEL COLUMN 

Sample 
Number 

2-Chloroethanol 
Derivative 

(as DDA) (~g) 
b , ,  

% Recovery 

0.624 96.9 

0.629 97.7 

Mean + S.E. = 97.3 + 0.4% 
i . . . . . . . . . .  
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As shown in Table 2, the mean (~S.E.)  fo r  the 
recovery of the 2 -ch lo roe thano l  d e r i v a t i v e  of DDA from 
the s i l i c a  gel column was 97.3 + 0.4%. The column was 
e lu ted w i th  hexane fo l lowed by TO, 20, 30, 40, 50, 60, 
70, and 80 percent  benzene in hexane. The 2 - c h l o r o -  
ethanol d e r i v a t i v e  was e lu ted  in the 50% benzene in 
hexane f r a c t i o n .  

For future clean-up of the 2-chloroethanol deriva- 
tive of DDA on the s i l i ca  gel column i t  would be su f f i -  
cient to elute with 40% benzene, 60% benzene, and 80% 
benzene in hexane with the 2-chloroethanol derivative 
appearing in the 60% benzene in hexane f ract ion.  

The response of 2 -ch lo roe thano l  and the methyl es te r  
d e r i v a t i v e s  of DDA to the e lec t ron  capture d e t e c t o r ,  
as wel l  as, the response r a t i o  of  2 -ch lo roe thano l  to 
the methyl es te r  is  given in Table 3. 

TABLE 3 

RESPONSE OF 2-CHLOROETHANOL AND METHYL ESTER DERIVATIVES 
OF DDA TO ELECTRON CAPTURE DETECTION 

Inject ion 

Number 

Electron Capture Response 
(Pea k Area) 

2-Chloroethanol Methyl ester 
Derivative Derivative 

(mm2/ng) (mm2/ng) 

Response Ratio 
2-Chloroethanol 

Derivative 

Methyl Ester 
Derivative 

293.65 

278.52 

293.75 

266.41 

284.18 

72.96 

76.78 

75.59 

75.35 

74.64 

3.69:1 

3.63:1 

3.89:1 

3.54:1 

3.81:I 

The average electron capture response rat io of 
2-chloroethanol derivative to the methyl ester deriva- 
t ive of DDA for the five determinations was 3.7 + O . l : l .  
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Another  advantage of using the 2 - c h l o r o e t h a n o l  
d e r i v a t i v e  of  DDA ins tead  of  the methyl e s t e r  d e r i v a t i v e  
of  DDA f o r  the gas chromatograph ic  a n a l y s i s  of DDA is 
t h a t  the r e t e n t i o n  t ime (F igu re  I )  of  the 2 - c h l o r o -  
ethanol  d e r i v a t i v e  is  such t h a t  the DDA w i l l  be 
separated from o the r  c h l o r i n a t e d  hydrocarbons which 
might i n t e r f e r e  w i th  the a n a l y s i s .  

,z 

2" 

6 

1 ALDRIN 
2 o,p'-DDE 
3 p,p'-DDE 
4 DDA METHYL ESTER 
5 o,p'-DDD 
6 o,p'-DDT 
7 p,p'-DDD 
8 p,p'-DDT 
9 DDA 2- CHLOROETHANOL 

9 

i I I i i I I i 

0 4 8 12 16 20 24 28 

TIME (minutes) 

FIGURE 1 Typ ica l  chromatogram of 9 o r g a n o c h l o r i n e  
p e s t i c i d e s  ob ta ined  using a 6' x I / 4 "  g lass column 
packed w i th  1.95% QF- I / I .5% OV-17 on Supe lcopor t  
80/100 mesh. 
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SUMMARY 

This paper reports the use of the 2-chloroethanol 
derivative in the electron capture gas chromatographic 
analysis of DDA. The efficiency of conversion of DDA 
to the 2-chlOroethanol derivative was 91.5 + 1.0%. The 
u t i l i za t ion  of a s i l ica gel column for clean up prior 
to electron capture analysis is discussed and the elu- 
tion pattern for the 2,chloroethanol derivative is 
given with a recovery of 97.3 + 0.4%. The 2-chloro- 
ethanol derivative is 3.7 + o.T times more responsive 
to electron capture detectTon than the methyl ester of 
DDA and produces a retention time which separates the 
DDA from other chlorinated hydrocarbon pesticides which 
might interfere with the analysis. 
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