
Comparison of Several Methods for 
Extracting Dieldrin-C 14 From SoiP 

by J. G. SAUA 
Research Branch, Canada Agriculture, 

University Sub P.O., Saskatoon, Sask., Canada 

A nwaber o f  s o l v e n t s  and c o m b i n a t i o n  o f  s o l v e n t s  

have been  used t n  t h e  p a s t  t o  e x t r a c t  r e s i d u e s  o f  

oz~anochloz,~ue p e s t i c i d e s  f rom s o i l  ( i - .~ ) .  The 

extraction efficiennies of these solvents have been 

expressed usually as percent~e reoove~ of a specific 

pestlaAde from a fortified ("spiked") sample. It has 

been  p o i n t e d  out s howeve~ s t h a t  such  f o l - t i f i c a t l o n  

studies do not give an accurate measure of the 

a b i l i t i e s  o f  s o l v e n t s  to  e x t r a c t  f i e l d - a p p l i e d  
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pesticides (6,7). Recently two attempts have been 

made to compare the efficiencies of several solvents 

in extraoti~ orgm,~ochlorine pesticide residues from 

soil. In the study of Collier, Cook, and Ta~diff (8)p 

soxhlet extraction with hexane.acetone (9:1) mixture 

was arbitrarily Zivef~ 100% recovery efficiency and the 

efficiencies of several solvents were compared with 

this arbitrary staz~a~d. Chiba and Morley (9) also 

used this type o f  a~bitra~ standard to compete 

efficiencies of a nomber of solvent systems in 

extracti~ residues of field-applied pesticides. 

Neither of these studies prove that the "most 

efficient m solvent systems selected really extract 

I00% of the actual residue present in a weathered soll 

sa~aple. The use of radioactive labeled compound is 

perhaps the only way to determine in absolute terms 

the extraction efficiency of a given p~oeess (6,?). 

This has been demonstrated by Mumma e_tt a~l. (i0) from 

their studies on the extraction of dieldrln-O I~ from 

plants. Similar investigations with soll have not yet 

been reported in the literature. 

T h i s  p a p e r  r e p o r t s  on t h e  p ~ e l i m t n a ~  r e s u l t s  on 

the effiolencies of several solvents t o  extract 

dleldrin-cl4 from soil several months after treatment~ 

and on the effect of water upon ex~ractabilitye 
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Methods 

T ~ e a ~ e n t  of' S o i l  w i t h  ~d!e!dy~n,-,C lit_ 

The dleldvln-Cl~ was pvovlded by the Shell 

Development Co. and pu~ifled by thin layer 

chromatography, Radloauto~aphy was used to detect 

the radloaotlvs dleldPin and labeled Impu~Ities, 

The sell used in this investSEatlon was a silt 

loam with 6% oPganlo matter. ODe hundred EPsms of alp 

dry sell was added to 600 m~e of dleldrln-C I~ 

(speolfle aotivity 19.5 mo/~) in I00 ml pentane and 

mixed thoroughly, The pentane was removed at room 

temperature; the sell alr-d~led and stored in a ~ound 

glass stoppered bottle at room temperature f o r  f o u r  

months.  Th i s  t r e a t e d  s o i l  i s  r e f e r r e d  to  as "dry  

soil" in the followi~ pages. 

Another i00 g o f  the same ai~ dr~ sell was 

treated with 650 m~e of dleldrin -G I~ in pentane~ the 

solwDnt removed and the sell ai~ dried. To simulate 

~leld molstu~s r 20 ml of water was added to 

the sell and mixed as thoroughly as possible. The 

moist sell was then stored in a ground glass stoppered 

b o t t l e  a t  room t empera tu re  f o r  fou~ months .  At the  

end o f  t h i s  pe r i od  a p o r t i o n  of  t h i s  s o i l  was a i r  

dried add used f~ extraetion studies. Thls sell is 

relented to as "wet soil" in the followi~ pages. 
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Both the d~ soil and wet soil Hmples used in 

this study were extraoted in air dry condition beoause 

many soil extraction procedures are routinely oarrled 

out on ai~ dry soil. Also~ there was the difficulty 

of  o b t a i n i n g  a smal l  r e p r e s e n t a t i v e  sample from m o i s t  

s o i l  because  of  problems enooun~ered i n  mix ing  mo i s t  

s o i l  t h o r o u g h l y .  

F~tractlon Proced~e 

An a c c ~ a t e l y  weighed mount  (about 2 g) o f  the 

d i e l ~ i n - C l ~  t rea ted  s o i l  was shaken f o r  1 hour w i th  

IO .~. o t  the app~opriate solvent  or so lvent  mlxt~e 

and a l lowed to s t and  fo r  10 m i n u t e s .  The supe~aa tan t  

l i q u i d  was f i l t e r e d  and the  r e s i d u e  r e - e x t r a c t e d  twice  

in the same way with I0 ml of  solvent each time and 

filtePed. The combined filtrate was evaporated to 

da~ness  i n  a r o t a r y  e v a p o r a t o r  a t  ~ O - ~ ~  The 

r e s i d u e  was q u a n t i t a t i v e l y  t ransf .ezTed i n t o  coun t ing  

v i a l s  w i t h  ace tone  and exsmined d ~ e c t l y  fo r  t o t a l  

smount o f  r a d i o a c t i v i t y  p r e s e n t  i n  the  sample.  The 

d i f f . e r e n t  s o l v e n t  sys tems used f.or t h i s  s tudy  were:  

9:1 hexane-acetone (1)p i:I hexans-aoetone (2)~ 

2:1 hexane-lsopro~anol (3), I:I hexane-lsop~opanol 

(5), aoetonAtrile (4), .n~ i:I ohlo~oform-~ethanol 

( i 0 ) .  

In  t h e  study, of' the  of . foot  of. wate r  on the  
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e x t r & o t a b i l i t y  of  d i e l d r i n  from s o i l  hexane-  

i s o p r o p a n o l  (1 :1 )  was chosen  as the  s o l v e n t .  An 

a c c u r a t e l y  weighed smount of  "dry  s o i l "  was mixed 

tho rough ly  wi th  ap tmopr l a t e  amount o f  wa te r  (Table 2) 

and a l lowed to  s tand  a t  room t empera tu re  f o r  24 hou r s .  

At the end of this period the samples were extracted 

with hexane-isopropanol (1:1) in the same way 

d e s c r i b e d  above6 

The t o t a l  amount of  r adXoac t iv~ ty  p r e s e n t  i n  the 

e x t r a c t s  was counted i n  Toluene s o l u t i o n  wi th  a 

Nuclear Chicago Mark 1 liquid ~cintillation counter. 

Counting efficiencies of the extracts were between 78 

and 85~ The total amount of radioactivity preser~ in 

each soil was determined by oxidation of the organic 

matter in the a~r dry soil to CO 2 by van Slyke method 

and determining cli402o 

Resu l t s .  and Discuss!ore 

I t  i s  r e c o g n i z e d  t h a t  the  c o n d i t i o n s  under which 

t h e  s o i l  samples were t r e a t e d  and s t o r ed  i n  the  

p r e s e n t  s tudy  are  not  the  ssme as t hose  to  which 

field-applled residues are exposedj even when the 

soll was treated with water at field molst~e levele 

Cost of cl~-labeled dieldrin and possible hazards 

from its use in the field excluded application of 
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labeled dieldrin in the field. 

Except for Soxhlet extraction end extraction with 

acetonitrile the o t h e r  procedures gave less recovex~y 

of dieldrin from the soil left for ~ months with 20% 

water ("wet soil") than from the soll left in dry 

c o n d i t i o n  (Table  Z),  N i x t u r e s  of h e x a n e - i s o p r o p a n o l  

or hexare-~cetone gave poor recoveries from the wet 

s o i l  (58-65%). This  would i n d i c a t e  t h a t  some blo- 

d e g r a d a t i o n  o f  d i e l d r i n  o c o u ~ e d  i n  the  wet s o i l  and 

n o t  i n  t h e  dry s o i l  and t h a t  t h e s e  d e g r a d a t i o n  

p r o d u c t s  a re  more d i f f i c u l t  to  e x t r a c t  from s o i l  t h a n  

d i e l d r i n  i t s e l f ,  This  a s p e c t  of  b i o d e g ~ a d a t i o n  o f  

d i e l d r i n  i n  s o i l  i s  now under  i n v e s t i g a t i o n s  

I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  i n c r e a s i n g  the  

ac e to n e  c o n c e n t r a t i o n  s aoe tone -hexane  mix tu r e  from 

lO to 50% r e d u c e s  t he  efficiency of  e x t r a c t i n g  

dieldrin f~om "wet soil" by about 7% whereas about ~% 

more dieldrin was extracted from this soll by 

increasing the iso-propanol concentration in hexaze- 

i s0-prcpanol mixture. These changes in solvent 

concentration caused little change in the efficiency 

o~ extract~ dieldrin from dr7 soil, however. 

Acetone-hexane  m i x t u r e s  seem t o  be a b e t t e r  s o l v e n t  

t h a n  h e x a n e - i s o - p r o p a n o l  mixtu~es~ a t  least for "dry 

soil". Acetonitrilej however, extracted the same 

31 



TABLE I 

Recoveries of dieldrin-C 14 from Soil by Different Solvents 

Extraction 

Solvent (s) Method 

% Recovery a of 

dieldrin-C 14 (based 

on total radio- 

activity present in 

soil as determined 

by oxidation to ~02 

by Van Slyke Method) 

Wet Soil b Dry Soil c 

Hexane-acetone (9:1) i hour shaking 6~.6 85.4 

Hexane-acetone (I: i) " 58 �9 0 85.4 

Hexane-i-PrOH (2:1) " 58.0 74.5 

Hexane-i_-PrOH (1: i) " 62.0 74 �9 O 

Acetonitrile " 79.2 79.1 

Methanol-Chloroform (l:l) Soxhlet 99.9 lO0.O 

8 hours 

aAverage of duplicate analyses 

bAir dry soil treated with dieldrin-C 14 and left at room 

temperature for 4 months with 26 water but air dried before 

extraction. 

CAir dry soil treated with dieldrin-C 14 and left at room 

temperature for 4 months in air dry condition. 
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amount o f  d i e l d r i n  from e i t h e r  d r y  or  wet  s o i l  and f o r  

the  wet s o i l  e x t r a c t i o n  e f f i c i e n c y  was h i g h e r  than  the  

mixed s o l v e n t s  when the  shak~n~ p r o c e d u r e  was employed.  

R_~h~ustive e x t r a c t i o n  i n  a Soxh l e t  w i th  a p o l a r  

s o l v e n t  m i x t u r e  l i k e  c h l o r c f o m - m e t h a n o l  was r e q u i r e d  

t o  e x t r a c t  a l l  t he  a c t i v i t y  p r e s e n t  i n  t h e  s o i l .  Th i s  

p r o c e d u r e  has  a l s o  been found to  g i v e  100% r e c o v e r y  o f  

dieldrin-Cl~ I~ plants (I0) �9 

I t  has  been s u g g e s t e d  t h a t  a d d i t i o n  o f  some w a t e r  

h e l p s  to  d e s o r b  o r g a n o c h l o r i n e  p e s t i c i d e s  f r ~ n  s o i l  

(8). This has been confirmed by the present studye 

Addition of water to dry soil increased the efficiency 

of extraction by I:I hexane-i.so-propanol mixture 

(Table II) up to 20% water in the soil, when 97% of 

the activity was recovered. Increasing the water 

content beyond this level decreased the extraction 

efficiency. The Shell method (II) of extraction of 

organochlorine pesticide residues from soll uses more 

than 100% water (based on the weight of the soil) to 

make a slurry before extraction with hexane-iso- 

propauol (3:1). It is perhaps not surprislng to see 

that this method gives poor recovery (12). The reason 

for this decrease in recovery efficiency with more 

than 20% water is not clea~ and requires further 

s t u d y .  
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TABLE If 

Effect of Water on the Recovery of dieldrin-C 14 

from Air Dry SoilwithHexane-i_-PrO~ (I:i) a 

% Water added 

(based on weight 

of air dry soil) 

% Recovery b of dieldrin-~ 

(based on total radioactivity 

present  in the soil) 

0.0 ?~.0 

i0.0 84.0 

2O. 0 97.0 

30.0 87.0 

i00.0 8O. 0 

aSoil was treated with dieldrin-~ and left at room 

temperature for 4 months in air dry condition. 

bAverage of duplicate analyses. 
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The e f f e c t  of  s o i l  type  on t he  e x i t & s t a b i l i t y  o f  

d i e l d r i n - C l ~  by t h e s e  s o l v e n t s  a re  now b e ~  s t u d i e d  

and the  r e s u l t s  w i l l  be r e p o r t e d  l a t e r +  
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