


s pepared as an accouiii of work sponsored by an agency of the 
l.Jni!edStater,Gove,iiiitelii Neithsr ihdUnitndStatesGo~e.-i;lcn!!:3rany agency 
?hereof. floT any of their e5rploynes. makes zny !b'?i<ailtj, sxpress or implied. or 
assut-rlej any legal liability or responsibility for thz accuracy, completeness, or 
useiulfidss of any information, ?ppaiatUS. product. or process disc!osed, or 
rspie%::is iiidt i ts  U R P W O ~ I ~  not infilnge privately 3' iqhts Reference herein 
to any s p c c i ! ~  comriiercial product, piucess, or ssrv trade zs;;le. tradcrnzrk, 
87ihnljt;irturer or othc se. does not necesss:iiy constitute or il-npiy its 
endorse:i-!eiii, recoinmendation. or f j i ing by the United StatesGoveintlieril or 
any agency theren!. Thn vieas and opinions of authors eXaisssr;l heroin do not 

reflect thos-. cf i i ieUnited StatesGoverliinent or any ogrncy 
thdreof 

___ ..... -. . . . . . . . ., ,.- .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _. . . -. .. -- .~ 



AD 
OR.NL/TM- 10527 

Application of XAD-4 Solid Sorbent to the Collection. 
of Pesticides from Water Samples 

M. P. Maskarinec and D. L. Manning 

Analytical Chemistry Division 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee 37831-6120 

SUPPORTED BY 

U . S .  M Y  TOXIC AND HAZARDOUS MATERIALS AGENCY 
Aberdeen Proving Ground, Maryland 21010-5401 

Project Officer: Mary Ann Ryan 

Date Published -October 1987 

OAK RIDGE NATIONAL LABORATORY 

3 4 4 5 6  0 2 7 q 1 3 0  7 U.S. DEPARTMENT OF ENERGY 
Under Contract No. DE-AC05-840R21400 





EXECUTIVE SUMMARY 

The U . S .  Army Toxic and Hazardous Materials Agency (USATHAMA) is 
supporting collection and analytical methods development in support of 
the Installation Restoration Program. One o f  these development efforts 
involves the use of sorbent tubes for the isolation o f  contaminants 
f rom water. Collection of the sample on a sorbent tube has the 
advantages of increased stability and reduced shipping cost for the 
sample. 

This report describes experiments performed in order to assess the 
applicability of XAD-4 resin columns for the collection of  pesticides 
from water. Lindane, aldrin, and 4,4'-DDT were added to water and 
collected on XAD-4. The pesticides were eluted form the resin using 
acetone, T h e  analysis was carried out by gas chromatography with 
electron capture detection. The procedure w a s  tested over the range of  
5-100 pg/L. 

Recoveries o f  the three pesticides varied with the individual compound. 
Lindane was recovered at higher percentages than aldrin and 4,4'-DDT, 
which were recovered at similar levels. Even single compounds showed 
variability in the recovery over the range tested. The methodology is 
effective for the determination of these compounds, at least 
semiquantitatively. 
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INTRODUCTION 

As a gene ra l  class of compounds, p e s t i c i d e s  have been arguably the  most 
widely s t u d i e d  from an environmental s t andpo in t .  This has  been due t o  
e a r l y  r ecogn i t ion  of adverse e f f e c t s  on t h e  environment from p e s t i c i d e  
usage. A s  a r e s u l t ,  t he  environmental l i t e r a t u r e  i s  replete  with 
examples of methodology f o r  the determinat ion o f  va r ious  p e s t i c i d e s  i n  
environmental samples. The USEPA has promulgated s e v e r a l  methods f o r  
t he  determinat ion of t hese  compounds. These methods are q u i t e  s imilar ,  
varying only i n  t h e i r  a p p l i c a b i l i t y  t o  p a r t i c u l a r  matr ices .  Water 
samples are e x t r a c t e d  with organic s o l v e n t ,  t h e  e x t r a c t  i s  d r i e d  and 
concen t r a t ed ,  and a n a l y s i s  i s  c a r r i e d  by i n j e c t i o n  of an a l i q u o t  of  t h e  
concen t r a t e  i n t o  a gas chromatograph equipped with an e l e c t r o n  capture  
d e t e c t o r .  This general  approach i s  c e r t a i n l y  t h e  most widely used, b u t  
r e q u i r e s  shipment o f  l a r g e  volumes of water t o  t h e  l a b o r a t o r y .  I n  the  
case of t h e  p e s t i c i d e s ,  a sepa ra t e  sample is  o f t e n  used, doubling the 
volume requ i r ed  i f  o the r  s emivo la t i l e  organics  a r e  t o  be analyzed. An 
a d d i t i o n a l  problem i s  t h a t  the p e s t i c i d e s  are n o t  very s o l u b l e  i n  
w a t e r ,  and are t h e r e f o r e  no t  completely s t a b l e  a f t e r  sampling. 

Previous work had i d e n t i f i e d  XAD-4 r e s i n  as u s e f u l  f o r  t he  c o l l e c t i o n  
of explosive compounds from water. I f  t he  method could be extended t o  
o t h e r  s e m i v o l a t i l e  o rgan ic s ,  such as p e s t i c i d e s ,  the e x t r a c t  from t h e  
c a r t r i d g e  could be used f o r  screening purposes i n  prel iminary s i t e  
i n v e s t i g a t i o n s  o r  remedial a c t i o n s .  This would g r e a t l y  reduce the 
volume of sample shipped t o  the  a n a l y t i c a l  l abo ra to ry  and perhaps 
improve the  s t a b i l i t y  o f  the  compounds. This r e p o r t  focuses on the 
performance o f  t h a t  methodology f o r  t he  determinat ion of l i ndane ,  
a l d r i n ,  and 4,4'-DDT. 

EXPERT MENTAL 

P repa ra t ion  of XAD-4 Columns 

The bulk XAD-4 i s  prccleaned by Soxhlet e x t r a c t i o n  with acetone f o r  48 
hours .  The Soxhlet  e x t r a c t o r  i s  operated i n  t h e  normal manner. A t  t he  
conclusion o f  the Soxhlet  e x t r a c t i o n ,  t h e  acetone i s  drained from the 
e x t r a c t o r  and replaced with methanol. Af t e r  t he  i n i t i a l  Soxhlet  
e x t r a c t i o n  i s  completed, t he  r e s i n  is  never allowed t o  dry o s .  The 
cleaned r e s i n  i s  s t o r e d  i n  an Erlenmeyer flask under methanol u n t i l  the  
c o l l e c t i o n  colunins a re  f i l l e d .  

The c a r t r i d g e s ,  (1/4" x 10" g l a s s  tubes) are cleaned by r i n s i n g  with 
methanol. A glass  wool plug i s  i n s e r t e d  i n  one end of t he  tube and a 
capped union i s  a t t ached .  The tube i s  f i l l e d  with methanol. and a l l  
bubbles a r e  removed. A s l u r r y  o f  XAD-4 i n  methanol i s  then added, and 
the methanol i s  allowed t o  d r a i n  slowly from the tube by loosening the  
union cap.  When s u f f i c i e n t  r e s i n  has been added t o  b r i n g  the  l e v e l  t o  
wi th in  1/4" o f  t he  f i l l i n g  end o f  the tube,  a second g l a s s  wool plug i s  
i n s e r t e d  and the  tube ends a r e  capped. The capping was accomplished by 
submerging the tubes i n  methanol. 
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C o  1 I e c ti o n o f  Wa t e-r-. S a m D  1 e s_ 

For c o l l e c t i o n  of t he  s a m p l e s ,  t h e  tubes are uncapped and 25 m l ,  of 
p e s t i c i d e  grade wa%er a r e  pumped through the column t o  remove the  
methanol. The sample i s  placed i n  a volumetric f l a s k  o f  100 mL volume. 
The volume used depends on the  expected l e v e l  o f  p e s t i c i d e  i n  the 
sample and the  u l t ima te  d e t e c t i o n  l i m i t  r equ i r ed ,  Teflon tubing (1/8") 
i s  used t o  siphon the water sample through the columns by g r a v i t y  flow. 
The flow r a t e  should be 3-6 inL/min. The e n t i r e  sample i s  allowed t o  
d r a i n  through the  column. Again, t he  column i s  no t  allowed t o  go - dri. 
'Ten mT.. of p e s t i c i d e  grade water i s  added t o  t h e  column a f t e r  t he  sample 
has  been c o l l e c t e d ;  t he  tube i s  capped; and the  column i s  r e f r i g e r a t e d  
t o  4OC p r i o r  t o  shipping and/or a n a l y s i s .  

The tubes are desorbed by passing acetone t-hrough the  column a t  a r a t e  
of 3-6 m L / m i i i .  Three t o  f i v e  drops o f  w a t e r  a r e  allowed t o  d r a i n  from 
the  column, and t h e  next  1 0  mL are c o l l e c t e d  f o r  a n a l y s i s .  This  
acet-one e x t r a c t  r ep resen t s  the f i n a l  s o l u t i o n  f o r  a n a l y s i s ,  For 
c e r t a i n  a n a l y t i c a l  methods, it may be prudent t o  add 1 g anhydrous 
sodium sulEate  t o  remove a l l  t r a c e s  o f  water .  If necessary,  t he  
e x t r a c t  can be f u r t h e r  concentrated p r i o r  t o  a n a l y s i s .  

Gas Chromatographic Analvsis 

The r e s u l t s  r epor t ed  he re  were obtained using gas chromatography with 
e l e c t r o n  capture  de t ec t ion .  A Perkin-Elmer Sigma 300 gas chromatograph 
was used. The instrument was equipped w i t h  a Model AS-300 autosampler 
and an e l e c t r o n  capture  d e t e c t o r .  The s p l i t l e s s  i n j e c t i o n  techniques 
was used,  and the column was a 30 M x 0 . 2 5  inm D B - 5  fused s i l i c a  
c a p i l l a r y  column. The c a l f b r a t i o n  was by t h e  method o f  ex te rna l  
s tandards using a 5 po in t  c a l i b r a t i o n  curve.  The r e s u l t s  were recorded 
using a Hewlett-Packard Model 33908 i n t e g r a t o r .  A r ep resen ta t ive  
chromatogram i s  shown i n  Figure 1. 

RESUL'YS AND DISCUSSION ___- 

Froiii an analytical s t andpo in t ,  s o l i d  phase e x t r a c t i o n  methods r e q u i r e :  
1) adequate so rp t ion  e f f i c i e n c y  of the compounds o f  i n t e re s t ; ,  2 )  
adequate recovery o f  t he  compounds from the  so rben t ,  and 3 )  adequate 
c lean-up of the sorbent f o r  the purpose o f  t he  f i .na l  ineasurement 
method. I n  the case of the p e s t i c i d e s ,  c lean-up w a s  expected t o  
provide the  major obs t ac l e  t o  success fu l  use of t he  so rben t .  Previous 
at tempts  t o  analyze explosives i-ndicated tihat s u b s t a n t i a l  i n t e r f e r e n c e  
was noted when using gas chromatography with el-ectron capture 
d e t e c t i o n .  However ~ t he  clean-up techniques descr ibed h e r e ,  combined 
with the use of  t he  capi. l lary column, produced blank chromatograms 
whi.ch contained no i n t e r f e r i n g  peaks.  The use o f  pestici.de grade water 
i s  a l s o  probably necessary f o r  t he  maintenance o f  c l e a n  background. 
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Figure I. Separation of Pesticides by gas chromatography with electron 
capture detection. 

RT P e s t i c i d e  
1072 Lindane 
15.32 Aldrin 
23.89 4,4’-DDT 
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The s o r p t i o n  e f f i c i e n c y  of t he  r e s i n  f o r  p e s t i c i d e s  w a s  eva lua ted  by 
use o f  a backup col-urnn on the  high l e v e l  samples. N o  p e s t i c i d e s  were 
ever  found on the  backup column. Therefore ,  i t  was concluded t h a t  t he  
XAD-4 r e s i n  was s u i t a b l e  f o r  the  c o l l e c t i o n  o f  these  compounds, i.n 
terms o f  capac i ty .  Because of t he  l i m i t e d  s o l u b i l i t y  o f  t he  p e s t i c i d e s  
i n  wa te r ,  and the  hydrophobic na ture  o f  t he  i n t e r a c t i o n  wi th  the  r e s i n ,  
it i s  l i k e l y  t h a t  even h ighly  contaminated samples could be e f f e c t i v e l y  
ex t r ac t ed  us ing  the  r e s i n .  

Overal l  e x t r a c t i o n  e f f i c i e n c y  r e s u l t s  a r e  shown i n  Tables 1 - h .  
Recovery o f  l indane w a s  g r e a t e r  than the  recovery o f  e i t h e r  of the 
o the r  anal-ytes,  and a l l  o f  the  ana ly tes  were b e s t  recovered a t  the  
lowest ]-eve1 and a t  the  h ighes t  l e v e l .  The reason f o r  t h i s  behavior i s  
u n c l e a r ,  al though it can be specula ted  t h a t  the  additLon of  these 
compounds t o  a water matr ix  produces un re l i ab le  a c t u a l  concent ra t ions .  
A t  t he  ].owest l e v e l ,  t he  compounds a r e  m o s t  s o l u b l e ,  with l indane 
having the  h ighes t  s o l u b i l i t y .  A t  h igher  l e v e l s ,  processes  such a s  
adsorp t ion  onto the  conta iner  wal1.s can have a marked e f f e c t  on the  
actual. concent ra t ion  of the  p e s t i c i d e  i n  the  water .  A t  even higher  
l e v e l s ,  t he  p e s t i c i d e s  may not  be i n  s o l u t i o n  at a l l ,  bu t  may be 
c a r r i e d  as p r e c i p i t a t e s  through the r e s i n  column, which simply a c t s  as 
a f i l t e r .  In  t h i s  s i t u a t i o n ,  so lvent  e x t r a c t i o n  would seem t o  have an 
advantage, i n  t h a t  the  conta iner  walls can be r in sed  with the  s o l v e n t ,  
and the  separa tory  funnel wa1l.s come i n t o  i n t i h a t e  con tac t  with the  
so lven t .  If t he  r e s i n  technique i s  t o  be u s e f u l ,  t he  same techniques 
should  be used;  t he  conta iner  could be r in sed  with the  el-uting so lvent  
and a l l  subsequent sur faces  should be brought i n t o  con tac t  with that: 
so lven t .  

I n  s p i t e  of these  d i f f i c u l t i e s ,  t he  r e s i n  i s  reasonably e f f e c t i v e  i.n 
terms of c o l l e c t i n g  these  compounds and providing an e x t r a c t  s u i t a b l e  
f o r  ana lys i s  according t o  accepted methods. Further  refinement of the 
method could resu1.t i n  a q u a n t i t a t i v e  e x t r a c t i o n  technique with a l l  t he  
a t t endan t  advantages of s o l i d  phase e x t r a c t i o n .  
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APPENDIX 

1 

PROCEDURE FOR THE COLLECTION OF PESTICIDES FORM WATER FOR ARCHIVAL 
STORAGE AND SEMI-QUANTITATIVE ANALYSIS 

ApRlication 

This method is applicable to ground and surface water and is 
suitable for the preservation of samples for future analysis. The 
method has been validated f o r  Lindane, Aldrin, and 4,4'-DDT. 

a. Tested Concentration Range: (pg/L) 

Lindane: 5-100 
Aldrin: 5-100 

4,4'-DDT: 5-100 

b. Sensitivity: The sensitivity of this method is dependent on 
the concentration factor. A 100 mL sample concentrated to 
10 mL gives a concentration factor o f  10. Thus, the 
sensitivity is 10 times lower than that o f  the analytical 
method. 

c .  Detection Limit: (Pg/L) 

Lindane: 10 
Aldrin: 10 

4,4'-DDT: 10 

d. Collection Rate: The collection of a 100 mL sample requires 
approximately one hour. Any number of samples can be 
extracted simultaneously. 

e.  Measurement Procedure: Any approved analytical method can be 
applied to the measurement of the pesticides in the collected 
extract. The data presented here are the result o f  
measurement by GC with electron capture detection. 

2. Apparatus 

a. Hardware: 

Constant-flow pump capable of 15 mL/min at 30 psig 
1/4" teflon tub ing ,  2' 
1/8" teflon tubing, 3 '  
1/4 to 1/8 reducing union 
1/4 t o  1/4 reducing union 
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b. Glassware: 

1/4" borosilicate glass tubes, 10" in length 
Soxhlet extractor, 200 mL capacity 
Erlenmeyer flask, 1 L 
Volumetric flask, 50-100 mL (l/sample) 
Centrifuge tubes, 15 mL, screw-capped (l/sample) 
Pyrex wool 

c. Chemic&: 

Methanol, distilled-in-glass grade 
Acetone, distilled- in-glass grade 
Water, organic-free 
Lindane 
Aldrin 

Other pesticides as required 
XAD-4, 20-60 mesh 

4 , 4 '  -DDT 

3 .  Standards: Concentrated stock solutions of Lindane, Aldrin, and 
h,4'-DDT were prepared by dissolving 100 rng of the pure material 
in 100 mL of pure methanol. Solutions were stored at 4 O C .  

Stock solution A containing a mixture of lindane, aldrin, and 
/c,4'-DDT at a concentration of 100 pg/mL were prepared by adding 
10 mL each of the concentrated stock solutions to a 100 mT,  
volumetric flask and diluting with methanol. 

Solutions for recovery studies at: iiiultiples of detection limit 
(DL) were prepared from the standard sol.utions as follows: 

10 DL: 50 pL of stock solution A to 50 mL wat:er. Calibration 
standard in 5 mL acetone. 

5 DL: 25 pL stock solution A tio 50 mL water. Calibration 
standards in 5 mL acetone. 

2 DL: 10 ,uL of stock solution A to 50 mL water. Calibration 
standards in 5 mL acetone. 

1 DL: 10 p L  of stock solution A to 50 mL water. Calibration 
standards in 5 mL acetone. 

0.05 DL: 5 pL of stock solution A to 100 mL water. Calibration 
standards in 5 mL acetone. 
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4 .  Procedure: 

The XAD-4 r e s i n  t o  be used i s  precleaned by Soxhlet  e x t r a c t i o n  
with acetone f c r  48 hours .  The Soxhlet  e x t r a c t o r  i s  opera ted  i n  
the  normal manner. A t  t he  conclusion of t he  Soxhlet  e x t r a c t i o n ,  
t h e  acetone i s  drained from the  r e s i n  and rep laced  wi th  methanol. 
Af t e r  t h e  Soxhlet  e x t r a c t i o n ,  t he  r e s i n  i s  never allowed t o  dry  
I_ o u t .  The cleaned r e s i n  is  s t o r e d  i n  an Erlenmeyer f l a s k  under 
methanol u n t i l  t he  c o l l e c t i o n  c a r t r i d g e s  a r e  f i l l e d .  

The c a r t r i d g e s  (1/4" x 10" g l a s s  tubes)  a r e  c leaned by r i n s i n g  
w i t h  methanol. A g l a s s  wool  plug i s  i n s e r t e d  i n  one end of the 
tube and a capped union i s  a t t ached .  The tube i s  f i l l e d  wi th  
methanol and a l l  a i r  bubbles removed. A s l u r r y  o f  XAD-4 in 
methanol i s  then added, and the  methanol i s  allowed t o  d r a i n  
slowly from the  c a r t r i d g e  by loosening t he  union cap. When 
s u f f i c i e n t  r e s i n  has been added t o  b r ing  the  l e v e l  w i th in  1/4" of  
t h e  top o f  t he  tube ,  a second g l a s s  wool plug i s  i n s e r t e d  and the  
ends a r e  capped. The capping can be accomplished us ing  capped 
unions o r ,  more economically,  by submerging the  tube i n  methanol. 

For c o l l e c t i o n  of t he  sample, t he  tubes a r e  uncapped and 25 mL of 
o rgan ic - f r ee  water a r e  pumped through the  column i n  order  t o  
remove the  methanol. The sample i s  placed i n  a volumetr ic  f l a s k  
of 100 mL volume (smaller  volumes can be used i f  the  l e v e l s  of 
p e s t i c i d e s  a r e  expected t o  be h i g h ) .  Teflon tubing ( l / R " )  i s  used 
t o  siphon the  water sample through the  r e s i n  c a r t r i d g e  by g rav i ty  
flow. The f l o w  r a t e  should be ad jus t ed  t o  3 - 6  mL/min. The e n t i r e  
sample i s  allowed t o  d r a i n  through the  c a r t r i d g e .  Again, the  
c a r t r i d g e  i s  not  allowed t o  po dry .  Ten mL o f  o rgan ic - f r ee  water 
i s  added t o  the  tube a f t e r  t he  sample has  been c o l l e c t e d ;  t h e  tube 
i s  capped; and r e f r i g e r a t e d  at: 4 ' C  p r i o r  t o  a n a l y s i s .  

The tubes a r e  desorbed by pass ing  acetone through the  tube a t  a 
r a t e  o f  3 -6  mL/min. Three t o  f ive drops of water a r e  allowed t o  
d r a i n  from the  tube ,  and the next 10 mL a r e  c o l l e c t e d  f o r  
a n a l y s i s .  This acetone e x t r a c t  i s  the  f i n a l  sample f o r  
measurement o f  t he  p e s t i c i d e s .  
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Table 1 - Repl ica te  1 Data 

Comp ourid Added (I.Lg/L) Found (pg/L) Recovery ( % )  

Lindane 

Aldrin 

4 , 4 '  -DDT 

5 
10 
20 
50 
100 

5 
10 
2 0  
50 
100 

5 
10 
20  
5 0  

1 0 0  

4 . 6 
6 . 2  
9 . 6  

30  
7 4  

2 . 9  
4 . 5  
7 . 2  

2 4 . 5  
66  

4 . 3 
5 . 0  

11 
2 7 
8 4  

9 3  
62  
4 8  
6 0  
7 4  

57 
45 
36 
4 9  
66  

86  
5 0  
56  
5 4  
8 4  

Table 2 - Repl ica te  2 Data 

Lindane 

A 1  d r  i n  

5 
10 
20 
50 

1 0 0  

5 
10 
20 
50  

1 0 0  

5 
1 0  
20 
5 0  

1 0 0  

4 . 8  
6 . 5  
12.0 
3 0 . 0  
7 6  

3 . 3  
4 . 7  
8 . 6  

2 6 . 0  
6 8 . 0  

3 . 1  
4 . 2  

1.2.0 
3 2 . 0  
7 8 . 0  

96  
65  
6 0  
6 0  
7 6  

65  
47 
43 
52 
68 

62  
4 2  
6 0  
6 4  
7 8  

1 2  



Table 3 - Repl ica te  3 Data 

Lindane 

Aldr in  

5 
10 
20 
50 

100 

5 
10 
20 
50 

100 

4 ,4 '  -DDT 5 
10 
2 0  
50  

100 

4 . 7  
5 . 1  

1 2 . 0  
3 2 . 0  
7 7 . 0  

2 . 7  
3 . 6  
9 . 2  

2 8 . 0  
7 5 . 0  

3 . 1  
3 . 7  

14.0 
3 5 . 0  
7 7 . 0  

93  
51  
6 0  
63 
77 

54 
36 
46 
55 
75 

6 1  
37 
7 1  
7 0  
77  

Table 4 - Replicate  4 Data 

Lindane 

Aldrin 

4 , 4 '  -DDT 

5 
10 
20 
50 

100 

5 
10 
20 
50 

100 

5 
10 
20 
50 
100 

4 . 2  
7 . 0  

1 2 . 0  
3 3 . 0  
7 3 . 0  

2 . 8  
5 . 0  
8 . 8  

2 8 . 0  
6 3 . 0  

3 . 2  
4 . 7  

1 3 . 0  
33 .o  
7 9 . 0  

8 4  
70 
6 2  
6 6  
7 3  

55 
50 
44 
55 
6 3  

63 
47 
6 6  
6 5  
7 9  

13 
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