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ABSTRACT 

I n  o rder  to  test s u i t a b i l i t y  of '%anhof@d" s ta t ionany phases, o r ,  

chemically bonded s t a t i o n a r y  phases, for concentrat ing pes t i c ides  from 

a large amount of water,  a number of such phases were synthesized,  The 

method was as follows. To celite (39.7g) added was an a l k y l  or aromatic 

ehloros i lane  and n-hexane (500 m l ) ,  The mixture was shaken f o r  5 hours 

On a c b e d  v e s s e l  and n-hexane was removed under reduced pressure.  The 

powder s o  formed was shaken vigcrrously wfth passage of a continuous 

stream o f  warm a i r  sa tu ra ted  with water t o  rewlve hydrogen chlor ide ,  

The resu l t ed  damp mater ia l  was dried  compktely f n  an oven a t  110%. 

The a l k y l  and aromatic &lor&sanes applied f o r  the  above method were 

octadecpltnichl~rosilane (12.29~) , dichlorodiphenylsi lane (8.02g) , 

dichlorodfmethylsi lane (4.098), t r ichlorophenyls i lane  (6.70g1, 

df  chloromethylphenylsilane (6 ,O5g) , t r i ch lo romethg l s i lme  (6.38g) and 

trichloro-n-propy1siIane (5.6Zg) . The r e s u l t a n t  "'anchored" s t a t i o n a r y  

phases were re fe r red  t o  OD, DP, DK, P, NP, 14 and nP respect ively .  The 

t o t a l  organic content (carbon and hydrogen) of each phase ranged from 

0.2 t o  2.3%. 

Iluplieate columns (20 an x 5 m dfmeter) were packed with an 

"anchoredfD s t a t i o n a r y  phase synthesized above. To each column 0.1 ml 

n-hexarm so lu t ion  of  a mixture of l lndane (5.11 ppm) , heptachlor (4.54 

ppm? , d i e l d r i n  (3.95 ppm) , heptachlor epoxide (4.58 p p ~ )  and pp 'DDT 

(3.60 ppm) was applied. Each column was drfed completely. One column 

was washed with 4 liters of defonized d i s t i l l e d  water, and dr ied  completely. 



Another was unwashed. Each columrs was eluted with two portfons of 

5 ml n-hexane, THe hexane was evaporated t o  0.1 ml before the eluifnt: 

was subjected t o  gas-liquid chromatography. The '"anchored" s ta t ionary 

phases examined were OD, MP, nP, P, DM, .and Durapak, The recovery of 

the  pest ic ides  was nor sa t i s fac tory .  In  addition considerable contam- 

ina t ion  of the columns was observed which was manifested by many 

large ex t ra  peaks i n  the gas-Piquid chromatograms. 

Since OD showed the bes t  performance, however, the experiment: with 

OD was repeated with some modifications. The column was washed with 50 

ml n-hexane and dried coapletely before application af the mixture of 

pesticides.  Elution with n-hexane was done with f i v e  portions of 5 ml 

n-hexane, and each eluent was evaporated t o  0.1 m l  before subjecting i t  

to gas-lfquid chromatography. Tkie contamination observed previously was 

removed, but the recovery was unsa.l;isfactory, It was concluded tha t  the 

method studied was not satgsfactory for concentrating pest ic ides  from a 

large amount of water, 
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S W Y  Am CONCLUSZONS 

In analysis of pes t ic ide  residues i n  water the  grea tes t  d i f f i c u l t y  

at present i s  the  lack of a good p rac t i ca l  method t o  ex t rac t  and concen- 

trate the residues from water, This repor t  i s  concerned with the attempt 

t o  improve presently avai lable  methods. The method studied here was 

p a r t i t i o n  chromatography wi th  "anchored" s ta t ionary  phases, t ha t  Its, the 

s ta t ionary phases bonded ehmnically t o  a so l i d  support. 

f n  order t o  examine s u i t a b i l i t y  of "anchored" s ta t ionary phases, 

synthesis of several  such phases was attempted. The method of synthesis 

involved treatment of c e l i t e  wiht an a lky l  o r  aromatic chlorosilsne. 

Seven such phases were sgmthesized. 

A known amount of pest ic ides  was epplied t o  a column of each sta- 

t ionary phase synthesized, and the column was washed with four l i t e r s  

of water. The recovery of pest ic ides  a f t e r  such washtng was studied,  

For a l l  phases studied the recovery was not very sa t i s fac tory ,  

The method studied here is not sa t i s fac tor f  f o r  concentrating pes- 

t i c ide s  from a large amount af wacer. However, the  ideas behind the  

method seem good and sound, and further research should produce a prac- 

t i c a l  method to analyze pesticides 2 n  a large mass of natural  water. 



Although the present study produced no satisfactory method of 

extracting and concentrating pesticides from a large mass of water, 

partition chromatography and countercurrent chromatography (Ito e t  a l ,  

1970) appear to  be the best method to  be developed into a practical 

one, Further research i n  this direction should be pursued in order to 

develop a sfnple and accurate method ra extract and &oncentrate pest f -  

cides from a natural water, 



Since che m o m t  of pesticicies in natura l  water i s  usually very 

small, t o  develop an accurate method t o  determine t h e i r  amount i n  a 

large mass of water is still a formidable task,  One common method i s  

t o  t r e a t  the  water with charcoal ta  adsorb pest ic ides ,  and desorb them 

wfth an appropriate solvent (Faust et &. , 1964). However, a s  i s  almost 

always the  case i n  adsorptfon chromatography (especially i n  the  use of 

charcoal), adsorption of pest ic ides  on charcoal and desorptdon from i t  

is by no means coarplere (American Chemical Society, 1969). h o t h e r  

method is to  ex t rac t  a l a rge  volume (2-3 gallons) of the  water with a 

mall vohnte of an organic sofvent,  (500 m l ) .  The solvent is evaporated, 

and concentrated solut ion is subjected t o  gas-liquid chromatography. 

The l a t t e r  method su f f e r s  fraa the interference of the concentrated 

i npu r i t f e s  i n  the solvenr upon evaporation. Ifany problems involved 

i n  the  analysis  of pest ic ide  resf dues were reviewed (Lf sk, 1970). 

This repor t  is concerned with the  attempt t o  develop a more adequate 

than the presently available methods rsf extract ing and concentrating 

pest ic ides  i n  a large mass of water. The method studied here was 

par tdt ion chromatography with "anchored" stationary phases (Stewart et 

al 1968, Abel e t  a l , ,  1966). -- ' 



Chemfcal Sq~athatsis - of '%nchoredPP Stationary Phases 

C e E i t e  (Analytical F i l t e r  Aid) 200 g, was added t o  deionized d i s t i l l e d  

water t o  make 1.8 liters of a suspension, The suspension was shaken 

vigorously, and allowed to s e t t l e  for exactly 10 minutes, The top 200 m l  

of the  suspension was decanted off, and discarded, Deionized d i s t i l l e d  

water, 200 m5, was added t o  the  remaining suspension. The suspension 

was shaken vigorously again, and allowed t o  s e t t l e  f o r  10 min. The top 

200 ml, was discarded. The procedure was repeated several  times to 0b- 

t a i n  c e l i t e  of large p a r t i c l e  s izes .  

Final ly  the  suspension was f i l t e r e d  through a Bzachnex funnel. The 

c e l i t e  was d r i e d  a t  approximately 1500 fo r  100 hours. To t h i s  dry 

selected Ceaite 639.7g) was added n-octadecyltriehlorosf lane (12.29 g) 

and about 500 m l  of n-hexane. The resu l t ing  mixture was s t i r r e d  with a 

magnetic ~ t i r r e r  for several. hours. The? white powdery product was 

f i l t e r e d  on a Buchner funnel, and was dried under a reduced pressure. 

The product was next s t i r r e d  with a magnetic s t i r r e r  I n  a three  

neck one l i ter  f l a sk  through which a continuous stream of warm a i r  sat- 

urated wfth water was gassed f o r  about 1 2  hours u n t i l  no further hydro- 

gen chloride could be detected i n  the  e d t  stream. The so l id  product 

was f i l t e r e d  on a Buchner funnel ,  washed w i t h  a la rge  volume of n-hexane, 

and dried a t  IXOO overnight. 



The preceding synthesis procedure was repeated with other  chloro- 

silaaes. The amount used is  glven below: 

dichlorodiphenylsilane 8.02 g 
d i c h f o r o d i w r h y l s i h  4.09 g 
t r i c h l o r o p h e n y l s i ~  6.70 g 
dichloromerhylphenylsilane 6.05 g 
trSchlor00riethylsilane 6,38 p; 
trichloro-n-propylsi1ane 5.62 g. 

The products thus formed from each of the  s f lanes  are  referred t o  

octadecylsi ly 1 -ce l i t e  (OD), diphenylsf ly l -cel i  t e  (DP) , dimethylsilyl- 

methylsiPy1-celite (MI, and n-propylsilyl-eelfte @), depending on 

the s i l ane  used a s  a reactant ,  The abbreviations are Pn parenthesis. 

Recovery - of Pest lc ldes  -- from the 'fAnchoredf' Stationary Phases 

Duplicate Hagiliarats columns (Hagfhara et a$. , 1960) ware packed 

with approximately 75 mg QZ a s ta t lonary  phase prepared above. To 

each column 0.1 m l  n-hexane solut ion contalnfng the following gesti- 

cfdes t o  wet about one th i rd  of t h e  packed coluntn. 

Lindane 5.11 mg/l 
Reptachlor 4.54 mg/l 
Dieldrin 3.95 mg/l 
Reptachlcsr epoxide 4 , M  mg/l 
pp ' DDT 3.60 q / r  

A l l  pes t icfdes  a re  obtatned from Beckan except heptachlor apcxLddL 

(98.6% pure) which is a g i f t  from Velsicol Chemicaf Corporalion. The 

columns were dried completely i n  an oven at 3 . 0 0 ~ ~  for about 30 minutes. 

One column was washed with 4 l i t e r s  of deionized d i s t i l l e d  water. 

Another unwashed. The fonner column was dried i n  an oven a t  100-15U0 

overnight. Each column was e lu ted  with t w o  portions of 5 ml n-hexane. 



The two portions eluted from each column were combined and evaporated 

t o  0 .1ml  under nitrogen gas stream, before analysis ( 5  microl i ters)  

by gas-liqufd chromatography. The "anchoredq' s ta t ionary  phases exam- 

ined were OD, NP, nP, P,  DM, atad Durapak, the  last  of which was a prod- 

uct  of Waters Associates, Zzrc, Sn some expetirnents modified was the 

e lu t ion  procedure, which is described i n  Results and Discussion* 

Gas-liquid chromatography was carried out by a Fisher-Victoreen 

Gas Chromatograph with an electron capture detector ,  The column was 

s i x  f ee t  s t a in l e s s  steel packed with 3% SE-30 on 40-50 mesh Anakrom Abs. 

Temperature of the oven, the in jec t ion  port ,  the detector was 190°, 

170' and 3 2 ~ '  respectively,  Carr ier  gas flow rate was 50 ml/dnute.  

The detector voltage was s e t  f o r  maxiaturn sensit9vity.  

RESULTS AND DISCUSSION 

Chemfcal Synthesis of f'Anshored'Q g a t i o n a r y  Phases 

The r e su l t s  of carbon and hydrogen analyses, done by Galbraith 

Laboratories, fnc. (Knoxville, Tennessee 37921) a r e  given i n  Table 1. 

Table 1 

Per Cent C and H i n  the 'fAnchore8" Stationary Phases 

Phases %C %H 

2.00 0.29 
1.38 0.17 
0.11 0.10 
1.05 0.23 
0.35 0.06 
0.28 0.13 
Not analyzed 



The organic content fC and H) of the "anchored" s ta t ionary phase 

synthesfzed from n-hexrsdeeyltrichlorosilane by Abel g, w a s  14%. 

The organic eontent of the  phases synthesized i n  the present study 

appeared to  be very Tow even i n  the case of OD which i s  similar t o  the 

phase of Abel -- et a l .  THe discrepancy may be due t o  ehe s l i gh t ly  modi- 

f led  synthet ic  procedure employed Pn the  present study. The differences 

i n  the organic content seen Bn Table P between the phases suggest t h a t  

the incorporatfon of the  hydrocarbsn moieties i n t o  c e l i t e  depends on 

the kinds of s i l anes  employed and on the kinds of hydrocarbon subst i tuents  

i n  the s i lanes .  

Recovery sf Pesticides ..-- from the "lln~hored" E a t i o n a m  Phases 

The r e su l t s  of the recovery experiments a r e  given I n  Table 2 (See 

Appendices). A s  can be seen, the recovery from various phases befare 

the  water-wash was low, end tha t  a f t e r  the water wash was even lower i n  

every case except OD. Durapak a f t e r  the water wash l o s t  over 90% of 

pesticfdes. The loss  of the pest ic ides  was probably due t o  the hydroly- 

sis of Durapak. None of the s ta t fonary phases performed sa t i s f ac to r i l y .  

Retentton of pesticides on the phases during the water wash appeared t o  

be related ts the organic content of each phase. 

The best: performance was shown by OD. The recovery from OD a f t e r  

the water wash indicated that there was a considerable contamination 

which may have come from e i t h e r  the s ta t ionary phases or  the glasswares 

and the p l a s t f c  wares (%venue eg a&., 1971) whfch were contact with 

four liters of water. 



Since OD seemed t o  show the best  performance, the  F-&ceding experi- 

ment wfth OD was repeated wfrh some modifications. Theae modifications 

were as f o U w s ,  The packed columns were washed with 50 m l  n-hexane and 

dried completely before application of the  &are of pesticides.  EXu- 

t i on  with n-hexane was dbne with f i v e  portions of S m l  n-hexane, and 

each eluent was evaporated t o  0.1 m l  before subjecting t o  gas-liquid 

chromatography. The r e su l t s  were s m a M z e d  i n   able 3, (gee Appendices). 

The recovery a f t e r  the second e lu t ion  was mostly less than one per c a r .  

The elut ion from the  unwashed columns was not complete; Lindane, hep- 

tachlar  epoxide and dieldrfn were almost e n t i a l y  washed away with the 

large amount of water, In  every eluent a l a rge  peak named i appeared 

consistently. The nature of the peak was not determined. It is probably 

re la ted t o  the s i lanes  employed i n  the synthesis of the ''anchoredP' s ta -  

tionary phases. Most other  contamination observed I n  the previous 

experiments disappeared, The disappearance was probably due t o  the  pre- 

wash of the c o l m s  with a large amount of n-hexsne and the avoidance 

of use of plastic wares during the water wash, 
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GLOSSARY 

Adsorption - A type of adhesion which takes place a t  the  surface of a 
so l i d  o r  a l iqu id  i n  contact with another medium, resu l t ing  i n  an accu- 
mulation of nolecules from t h a t  medim i n  the  i m e d i a t e  v i c in i t y  of the  
surf  ace, 

Adsorption Chromatography - A type of chromatography i n  which separation 
of substances i s  achieved by d i f f e r e n t i a l  migration of so lu tes  resu l t ing  
from differences i n  a f f i n i t y  of the solutes  between an ddsorbing s ta t ion-  
ary phase (usual3y so l id )  and a mobile phase. 

"AneboredfP Stationary Phasz - Stationary Phase which is chemically 
(covalently) bonded t o  an i n e r t  solPd support. 

Colire - Diatomite (also called diatomaceous ear th ,  dfatomaceovs s f l i c a ,  
o r  kieselguhr) which is composed of the skeletons of single-celled algae,  
o r  diatoms. 

Chromatographe - An ana ly t i ca l  technique fo r  resolut?hn of .%oXutes, f n  
which <ePararion i s  made by d i f f e r e n t i a l  migratfon of the so lu tes  i n  a 
medPum and the  rnlgrati:m is caused by flow of sulvent.  A l l  chromato- 
graphic processes have two basic parts--A mobile phase and a s t a t i o n a w  
(or fmobf l e )  phase. Idhen the  mobfle phase containing the  soluces moves 
through the  s ta t ionary  phase, the so lu tes  &grate  according t o  t h e i r  
d i f f e r e n t i a l  a f f i n i t y  t o  these p h ~ s e s ,  The s ta t ionary phase may be e i t h e r  
a l iqu id ,  an ac t lve  so l i d  o r  a l iqu id  coated over an ac t ive  so l id .  The 
mobile phase may be a l iqu id  o r  a gas. 

Countercurrent Chromatography - Liquid-liquid par tdt ion chromatography 
( in  which the  mobile and the  s ta t ionary  phases a re  immiscible l iquids)  

Desorption - The reverse of adsorption, o r  the  re lease  of a substance 
which has been held f n concentrated form upon a surface. 

DM - Dlmethylsilyl-celite, an "anchored" stationary phase i n  which - 
dimethylsi lyl  gmup is chemically bonded t o  e e l i t e ,  

DP - Dlphenylsi lyl-celi te,  an "anchored" s tar ionary phase i n  which - 
diphenylsillyl group is chemically bonded t o  c e l f t e .  

Durapak - an "anchored" stationary phase, a commercial product (waters 
Associates). 



Gas-Liquid Chrqtograpx - A type of p a r t i t i o n  chromatography i n  which  
a w'bi3.e phase and a s ta t ionary  phase are a gas and a l iqu id  coated over 
(or chemically bonded t o  i n  the  case of "anchored" s t a t i o n a w  phase) an 
i n e r t  so l i d  support respectively.  

M - Methylsf l y l - ee l i t e ,  an 'qan&oredr' s t a t f  onary phase i n  which methyl- - 
S i l y l  group is chemically bonded to ce l i t e .  

- Methylphenylsilyl-eelice, an "anchored" s ta t ionary  phase i n  which 
F 

methylphenylsilyl group I s  cherruically bonded to  c e l i t e .  

- n-propylsflyl-celite, an "anchoredc' s ta t ionary  phase i n  which n- - 
PropyPsflyl group is chemiczbPly bonded to  ce l f t e .  

OD - Octadecylsi'byl-celi t e  , an "anchored"stationary phase i n  which - 
octadecyls i ly l  group is chemically bonded to c e l i t e .  

P - Phenylsi lyl-celi te,  an "anchored"stationary phase i n  which phenyl- - 
s i l y l  group i s  chemically bonded t o  c e l i t e .  

Pa r t i t i on  Chromatogragh;~! - A type of chromatography i n  which separation 
of substances is achieved by d i f f e r e n t i a l  mSgration of solutes  resu l t ing  
from differences i n  d i s t r i bu t ion  between two i m i s d b l e  solvents,  which 
a re  the  s ta t ionary phase and the mobile phase. 
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1 Table 3. Recovery of Pesticides from the Columns Packed with OD 

-- 
% Eluted from the Colu=e of OD by n-Hexane 

Pesticides Relative Unwashed with water Washed with 4 1 water 
o r  Retention a Elutf on Elution 

Peak Nmncs Time S t a n d a r d k t  2nd 3rd 4th  5th 1st 2nd 3rd 4th 5th 

Lindane 0.140 100 67.1 1.5 1.44 0.82 0.73 0,35 0.45 0.70 0.66 0,53 

Heptachllor 
Egoxf de 0,390 100 58.3 0.84 0.45 0,10 0.05 1,54 0.06 0.00 0,06 0.99 

The colwns were e i the r  unwashed o r  washed wlth 4 l i t e r s  of water and dried before elution by f ive  
gortions of 5 m l  n-hexane. A l l  X of extra peaks designated by al;babets are % equivalent af DDT. 
The n-hexane solution sf the pesticide mixture was di rec t ly  analyzed by gas-lfguld chromatography. 


