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SEPARATION OF S-TR IAZlN E H ERBlC IDES 
BY COUNTERCUR RENT CHROMATOGRAPHY 

N. B. Mandaval, Y. Ito2, and J .  M.  Ruth3 
1 Office o f  Pesticides and Toxic Substances 
U. S. En vironm en tal Protect ion Agency 

Washington, D.  C. 20460 
2Laboratory o f  Technical Development 

National Heart, Lung, and Blood Institute 
National Institutes o f  Health 
Bethesda. Maryland 20205 

3Pesticide Degradation Laboratory 
Agricultural Environmental Quality Institute 

Beltsville Agricultural Research Center, ARS,  USDA 
Beltsville, Maryland 2 0  705 

C a n t e r c u r r e n t  chromatography (CCC) has k e n  successfu l ly  appl ied 
f o r  the separa t icn  of f a x  chlor inated 5 - t r i a z i n e  d e r i v a t i v e s ,  narrely, 
s i m z i n e ,  a t raz ine ,  propazine, and t r i e t a z i n e ,  which are widely used 
as herbicides .  
acetate-methanol-water (8:2:5:5) gave the best range of the  p a r t i t i c n  
c o e f f i c i e n t  values because of the s a t i s f a c t o r y  s o l u b i l i t y  f o r  a l l  
sarrples and therefore  w a s  used f o r  the  separaticn of 5- t r iaz ines .  
Tho types of countercurrent  chromatographs, high speed CCC, and hori-  
z c n t a l  flcw-thrmgh coil p l a n e t  centr i fuge,  were used f o r  g- t r iaz ines  
separaticn, and the i d e n t i t y  of the separated f r a c t i o n s  w a s  unequi- 

Of s e v e r a l  s o l v e n t  system invest igated,  c-hexane-thy1 

vo-a l ly  es tab l i shed  by ms-spec t r - tky .  
appl ica t icn  of CCC to herbicide analysis is discussed. 

The p o t e n t i a l  
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2222 MANDAVA, ITO, AND RUTH 

Herbicides based m the symmtrical t r i a z i n e  nucleus have heen 
widely used f o r  s e l e c t i v e  preemergence ccntrol of broadleaf weeds i n  
crcplands (1-3); and also used f o r  ncnselect ive and l a g - t e r m  weed 

ccntrol i n  n a c r c p  si tuaticns (2-3) .  Sane of them (e.g., s imazine)  
are also used to ccntrol a lgae  and submerged weeds i n  ponds, swinnning 
pools and cooling tcwers ( 2 , 3 ) .  M o s t  g - t r iaz ine  herbicides  have alkyl-  
s u b s t i t u t e d  amino group i n  pcsiticns 2 and 4, and either a chlor ine 
atom or a methylthio grcup i n  p o s i t i m  6. The cMpcun& ccntaining a 
ch lor ine  atom have com~ll n a m s  terminat ing i n  -* (e.g. a t r a z i n e ) ,  
and those containing a methylthio grcup end i n  -e t ryn(e)  (e.g. amtryne). 
Because of their extensive use i n  a g r i c u l t u r e  and because their physio- 
logy is well understood, w e  have chosen four  chlor inated 5- t r iaz ines  
f m  s e p a r a t i m  by countercurrent  chromatography (CCC). 

Several  a n a l y t i c a l  methods, including gas-liquid c h r m t o g r a p h y  
(GLC) and high performance l i q u i d  chromatography (HPLC), have k e n  
used for analysis of c h l m i n a t e d  5- t r iaz ines .  One oi the approved 
a n a l y t i c a l  methods f o r  a l l  chlor inated s - t r i a z i n e s  is GLX: (4-6), 

a l t h a g h  HPLC appears to be equal ly  s u i t a b l e  f o r  ana lys i s  and res ide 
determinaticn. 

C a n t e r c u r r e n t  c h r m t o g r a p h y  (CCC), based CII the p r i n c i p l e s  of 
countercurrent  d i s t r i b u t i a  and l i q u i d  chromatography, has been 
successfu l ly  appl ied f o r  the separatim of s e v e r a l  types of both mo- 
E r i c  and p o l p r i c  corrpounds, including n a t u r a l  products (8, 9 ) .  We 
h a w  previcusly reported the  separatim of a mixture of p l a n t  q c w t h  

regula tors  such as indole auxins, g ibbere l l ins ,  cytdcinins ,  and alacisic 
ac id  (AEA) by CCC ( 9 )  using a tcvoidal coil p l a n e t  centr i fuge.  Recently, 
we have appl ied CCC €or analys is  of p l a n t  h o r m e s  and determined the 

AEA content  i n  p l a n t  sanples by a t w o s t e p  CCC procxare (10) .  This  
paper deals with t h e  applicatia of CCC to t h e  separatim of a s tandard 
mixture of chlor inated g- t r iaz ine  herbicides  wi th  a view to explor ing 
the CCC p o t e n t i a l  f o r  ana lys i s  and residue determinaticn i n  the 
f i e l d  of pesticides . 
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S-TRIAZINE HERBICIDES 2223 

MATERTALS AND METHODS 

Apparatus 

In the present  s tudy,  two types of CCC devices were evaluated 
f o r  t h e i r  performance. Both devices belong to a family of coil p l a n e t  
cen t r i fuges  (CFC) which produce a s y n c h r o n a s  p lane tary  mticn ident i -  
cal to t h a t  i n  the t r n o i d a l  coil p l a n e t  cen t r i fuge  ( 9 ) .  The general  
cpera t ing  ccndi t icns  of these instruments are s u m i z e d  i n  Table  1. 

1) High speed C a n t e r c u r r e n t  Chrcmatograph. 

This  CCC cent r i fuge  p e r f o r m  f a s t  and e f f i c i e n t  separa t ions  i n  
both a n a l y t i c a l  and semi-preparative scales, depending on the  c o l u r m .  
The design of the wara tus  (Fig. 1) is also i d e n t i c a l  to t h a t  m t h e  
t r n o i d a l  CFC except  t h a t  the  separa t ion  colurm ccyslsts of m l t i p l e  
layers  of co i led  PTFE tubing coaxia l ly  w a n d  around a s p o o l s h a p e d  
holder of 10 cm diameter. In  order to f a c i l i t a t e  t h e  preparat ion of 
t h i s  mltilayer coil colum, the  holder is made removable from the  

r o t a t o r y  tram sinply by loosening a p a i r  of screws. 

The unique fea ture  of t h ~ s  CCC scheme IS deriwu from an i n t r i g u i n g  
hydrodynamic motion of: the Wo inmuscible so lvents  i n  the  m l t i l a y e r  
coil. Under the  s y n c h r c n a s  p lane tary  m t i o n  t h e  two s o l v e n t  phases 

TABLE 1 

G e n e r a l o p r a t i n g  Ccnditicns far CCC Instruments in Z-Triazine 
Herbicides Analysis 

Flm Rate Revolu t icnal 
CCC Instrument (ml/hr) speed ( r p m )  

1. High speed c a n t e r -  150 
a r r e n t  chromatograph 

2 .  Hcrizonal f lcw- thragh  100 
coil p lane t  cen t r i fuge  

800 

600 
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2224 MANDAVA, ITO, AND RUTH 

Figure 1. High speed C a n t e r c u r r e n t  Chromatograph 
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S-TRIAZINE HERBICIDES 222s 

are subjected to a rap id  c a r n t e r m r r e n t  f lw along the length of the 
coil, wi th  the  upper phase t rave l ing  t w a r d  t h e  i n t e r n a l  head-end and 
the lwer phase t w a r d  the  e x t e r n a l  ta i l -end  of the coil. This  hydro- 
dynamic moticn es tab l i shes  highly e f f i c i e n t  p a r t i t i o n i n g  of solutes 
wi th  an exce l len t  r e t e n t i c n  of the s t a t i o n a r y  phase under an unusually 
high f l w  rate of the mobile phase. Therefare, the  method y i e l d s  
high peak resoluticn in a few hours of e lu t ion .  

In  t h e  present  study, separa t ions  are performed using a colunn of 
130 m length, 1.6 mn I.D. and 285 m l  capacity. The coil is f i r s t  
f i l l e d  wi th  the  s t a t i c n a r y  phase, f o l l w e d  by sarrple i n j e c t i o n  through 
the sanple  por t .  Then, the m b i l e  phase is punped i n t o  the colunn 

while the apparatus is r u n  a t  800 rpm. Both t h e  sarrple s o l u t i o n  and 
the mobile phase are i n t r o d u a d  through the  i n t e r n a l  head-end of t h e  

coil. If the  m b i l e  phase is the  upper phase, the  mobile phase and 
the sanple  s o l u t i o n  should be introduced through the  e x t e r n a l  ta i l -end  
of t h e  coil. The flcw rate appl ied to the colunn is 150 ml/hr. T k  
eluate is continuously m i t o r e d  with an LKE3 Uvicord S a t  254 nm and 
f r a c t i c n a t e d  wi th  an LKB f r a c t i c n  collector. 

2 )  Horizontal FlaJ-Thrcugh C o i l  Planet  Centrifuge. 

The seccnd apparatus used i n  the present  s tudy  is a table- tq ,  
model of the  horizontal  f lw-through coil p l a n e t  cen t r i fuge  which 

p e r f o r m  e f f i c i e n t  semi-preparative separa t icns  wi th  a v a r i e t y  of 
conventicnal two-phase so lvent  system (Fig. 2). The above &el is 
an inproved version of the  m i g i n a l  bench-tcp model which is equipped 
with a 50 cm long c o l u n n  holder (11). Wducticn of the length of the 
colunn holder to 20 cm i n  the  present  mdel enhances the  m c h a n i c a l  
s t r e n g t h  and p e r m i t s  the  appl icat ions of high revolu t icna l  speed a t  
600 rpm. Consequently, the system yie lds  high partiticn e f f i c i e n c y  

and provides the r e l i a b l e  s t a t i c n a r y  phase r e t e n t i o n  and t h e  high flw 

rate of the m b i l e  phase to allw speedy separations. 
colunn holder length w a s  p a r t i a l l y  conpensated by increasing the  coil 
length with double layers  of: the coil mxlnted cn each uni t .  As i n  the  
high speed CCC apparatus, the c o l u n n  holder is e a s i l y  removed from the 
r o t a r y  f r a m  by loosening a pair of screws cn each bearing block. 

The reduced 
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2226 MANDAVA, ITO, AND RUTH 

F i g u r e  2. Hccizcntal  F l c w - T h r w g h  C o i l  Planet  Centrifuge. 
A. Overview of the Table-ITop Model. 
B. C o i l  Assembly 
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S-TRIAZINE HERBICIDES 

Figure 2B. 

2221 

Each colurm u n i t  w'as prepared from a 6 m. lcng, 1.6 mn I.D. PTkE tubing 

by winding it t i g h t l y  cnto a 14 cm lcng alununum pipe core, d i n g  two 
coi led  layers w,ith about 100 helical t u m s .  
were connected i n  series by the head-totai l  connections and s y m m t r i c a l l y  

munted  arcund the  colurm holder (Fig. 2B). The total colurm capaci ty  

measured approximately 100 ml. 

Eight cne-colurm u n i t s  

Separaticn of the 5- t r iaz ine  herbicides  w a s  per€ormed as tollcxs. 
The c o l u n n  was first f i l l e d ' w i t h  t h e  s t a t i c n a r y  ( u p p e r )  phase and the  

sanple soluticn was injected through the  sarrple port .  

w a s  r o t a t e d  a t  600 rpmwhile  the lwer phase w a s  pulrped i n t o  t h e  head 

of the  colunn a t  the  rate of 100 ml per hcur. The e f f l u e n t  €ran the 
o u t l e t  of the c o l u n n  w a s  cont incusly m i t o r e d  with a Uvicord S a t  254 
nm and f rac t iona ted  wi th  an LKB f r a c t i c n  collector. 
three peaks were e lu ted ,  the  mbile phase w a s  switched to the  upper  
phase to quickly elute o u t  the  remaining peak from the c o l u r m  (Fig. 6 ) .  

Then t h e  colunn 

After  the f i r s t  
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TABLE 2 

C o r n  and Chemical Names f o r  Chlorinated E q r i a z i n e s  

Structure  C c m m  N a m  Chemical Name 

I (Rl"HMe2; Atrazine 6-Chloro-N-ethyl-N I - ( 1-me thy le thy  1 )- 

I1 (Rl=R2= Prapazine 6-Chloro-N,N9-bis (1-methylethyl)- 

111 (Rl=R2= S i m z  ine 6-Chlaro-NlN'-dimthy1-l, 3 , s  

I V  ( Rl=NHEt; 

R2=NHEt) lI3,5-triazine-2,4-diamine 

NtKHlle 2 ) 1,3,5-triazine-2, 4-diamine 

M Q )  triazine-2,4-diamine 

T r  ietaz ine  6-Chloro-N, N, N I -tr i e thy l -  
R2=NEt2 ) 1,3,5-triazine-2, I-diamine 

Sources of s q r i a z i n e  Herbicides 

A l l  t h e  test ocnpcunds were technical  grade chemicals mde by 

Ciba-Geigy C a p .  They were used w i t h a t  f u r t h e r  puriticatim. The 
comm names, approved by t h e  Arnerican National Standards Institute 
(ANSI), were used for the chlor inated g- t r iaz ines  w h a e  chenucal nams 

are based cn the  chemical ahtracts (CA) nomncla ture  (according to  
Ninth Chemical Index) as s h w n  i n  Table 2. 

P a r t i t i c n  Coeff ic ients  

P a r t i t i o n  ccetf i c ien ts  were determined by adding a kncwn amxrnt 
of the chlor inated g- t r iazines  i n  the  two s o l v e n t  system used for 
each conpound. Af te r  t h c x a g h l y  mixing t h e  conpounds i n  t h e  des i red  
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S-TRIAZINE HERBICIDES 2229 

so lvent  system, the  two phases were separated and the  absorbance measured 

a t  260 nm. 

phases gave t h e i r  p a r t i t i c n  c o e f f i c i e n t  (P.C.) i n  the respective 
solvent  system. A typical procedure f o r  deternuning t h e  P.C. of 

a t r a z i n e  i n  E-hexane-thyl acetate-mthanol-water  (8:2:5:5) is given 

here. To a m i x t u r e  of 1.6 ml of n-hexane, 0.4 m l  of e t h y l  acetate, and 
1 ml of water w a s  added 1 ml of a t r a z i n e  soluticn i n  methanol (ccncen- 

traticn: 1 mg/l ml). The corrpcund and the  so lvents  were mixed vigorously 

and the  two phases a l l m e d  to separate. 
w a s  mixed with 3 ml of methanol. The a k o r b a n c e  w a s  measured a t  260 

nm wi th  a Zeiss UV-visible spectrophotomfter, using a 1-cm light-path 

quar tz  cell, which gave readings of 0.294 and 0.208 f o r  the  upper 
( l i g h t e r )  phase (C,) and the  lmer (heavier )  phase (Cl), respec t ive ly .  

Hence, the  P.C. of a t raz ine  is 1 .41  (Cu/C1) f o r  the  above s o l v e n t  

sys t e m .  

The ratio of akorbance values of the simples f r m  two 

A 0.5 m l  volume of each phase 

Mass spectrcmetry: 

A binnegan M o d e l  4021 quadrupole mass spectromter equipped with 

a Model 9610 gas chromatograph w a s  used to analyze the chlor ina ted  

s - t r iaz ines .  A Finnegan INCOS d a t a  system cont ro ls  the  automatic 

r e p e t i t i v e  scanning, aqui res  and stores the da ta ,  and under the  

opera tor ' s  instructicns conpletes the  data processing. 

Sarrples were ccncentrated under a stream of ni t rogen and introduced 

cn t h e  s o l i d  i n l e t  probe. A p o r t i c n  (1 to 2 microliters) of the  

ccncentrate  of each sanple w a s  t ransfer red  i n t o  a probe sanple c a p i l l a r y  

tube and evaparated to dryness i n  a stream of a i r  a t  r o o m  tenperature. 
Fraction 11 from t h e  f i r s t  peak (Fig. 3 )  w a s  permitted to  evaporate 
before the  heater  w a s  turned cn. The other t h r e e  fracticns (17 from 

second the  peak, 33 from the t h i r d  peak and 73 f r m  the last peak)  
were, i n  each case, heated ( 3  turns rn heater  p o t e n t i n t e r )  to get 
more e f f i c i e n t  evaporaticn wi th in  a s h o r t e r  t i m e  in te rva l .  The last 

One (Frac t icn  73 from t h e  f c u r t h  peak) w a s  t h e  most d i l u t e ,  kcause ot 
the  greater width of the CCC peak, and w a s  probably also the most 

v o l a t i l e .  Its ccncentrat icn i n  the icn scurce was t h e  lmest, tut  was 
still adequate f o r  i d e n t i f i c a t i o n .  The ion swrce tenperature  w a s  
250°C. Electrun energy w a s  50 e V .  
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2230 MANDAVA, ITO, AND RUTH 

Instrument: Multilayer Coil Planet Centrifuge 
Solvent: Hexane-EtoAc-MeOH-H,O (8:2:5:5) 
Mobile Phase: Upper Phase 

0.7 

0.2 

0.1 

0 
0 1 2 3 

Time (Hrs.) 

Figure  3.  Separaticn of the Chlorinated z q r i a z i n e s  by High Speed 
C o u n t e r a r r e n t  Chromatograph i n  Hexane-Ethyl A c e t a t c -  
Methanol-Water (8:2:5:5). Upper Phase: Mobile. 

RESJLTS AND DISCUSSION 

The choice of the two phase s o l v e n t  system w a s  based on the parti- 
ticn coef f ic ien ts  (P.C.s) and the s o l u b i l i t y  of the sanples. Several 
kinds of so lvent  system were invest igated.  
conpojed of ch loroform-mthanolua ter  and c h l o r o f o r m a c e t i c  a c i d w a t e r  
a t  v a r i a s  vo lum ratios gave i n s u f f i c i e n t  p a r t i t i c n  c o e f f i c i e n t  values, 
and mcst of the sanples were p a r t i t i o n e d  i n t o  the lcwer ncn-aqueous 
phases. The two types of so lvent  system, n-hexane-mthanolwater and 
n-hexane-ethyl a c e t a t e - m t h a n o l r a t e r ,  yielded s u i t a b l e  ranges of 

p a r t i t i c n  c o e f f i c i e n t s  as shcwn i n  Table  3. 
a c e t a t e - m t h a n o l u a t e r  (8:2:5:5) gave the best range oi: the p a r t i t i c n  
c o e f f i c i e n t  values and s a t i s f a c t a r y  s o l u b i l i t y  f o r  all samples, and 
therefore  w a s  chosen f a r  the present  wark. 
system are s h a m  i n  Table  4. 

Fumg them, so lvent  system 

The n-heme-thy1 

The P.C.s i n  this s o l v e n t  
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TABLE 4 

MANDAVA, ITO, AND RUTH 

P a r t i t i o n  Coeff ic ients  of Chlorinated K q r i a z i n e s  in  
Hexane-Lthyl Acetate-MEthanol-Water (8:2:5:5) 

Ccnpound Ccncent ra t im P a r t i t i o n  Cceff i c i e n t *  
( u g / m l )  c,/c 1 c 1/c, 

Tr ie taz ine  250 6.90 G .  14 

A t r a z  ine  250 1.41 0.71 
Simaz ine 250 0.63 1.60 

Prcpaz ine  250 3.95 0.25 

* Cu: S o l u t e  c o n e n t r a t i c n  i n  upper phase; C1:  Solute ccncentrat icn 
in  laver phase. 

With this range of P.C.s, the  proper choice of the  mobile phase 

should be made according to the r e t e n t i c n  capaci ty  of the  s t a t i c n a r y  

phase inherent to the  rrr?thcds (12) .  
high s t a t i o n a r y  phase re ten t ion ,  w i l l  y i e l d  rap id  and e f t i c i e n t  separa- 

t ions  by using the  upper phase as t h e  m b i l e  phase. 

hand, the hor izonta l  f l w  thcugh coil p l a n e t  cen t r i fuge  produces m c h  

laver re ten t ion  of the  s t a t i c n a r y  (laver) phase which a m u n t s  to s u h t a n -  

t i a l l y  less than 50% of the total  colunn capaci ty .  In  t h i s  case, the 

best  r e s u l t s  w i l l  be obtained by using t h e  lmer phase as the mobile 

phase. In t h i s  way, solutes are subjected to the  p a r t i t i o n  process i n  

the  colunn f o r  a lmger period of t im to y i e l d  higher peak reso lu t ion .  

High speed CCC, which prcduws 

On t h e  other  

Because of the inherent  d i f fe rences  i n  the  P.C.s i n  t h i s  so lvent  

system, one would expect  the chlor inated g- t r iaz ines  i n  a m x t u r e  to 
separa te  i n t o  i n d i v i d a l  conponents by CCC. I f  the  laver phcse is 
kept  s t a t i o n a r y  cn the  co lunm and the  upper phase is used to elute the  

colum, the  p a r t i t i o n  coef f ic ien ts  (Cu/C1) f o r  chlor inated 5- t r iaz ines  
(Table 4, c o l u n n  3 )  serve  as a usefu l  guide f o r  pred ic t ing  the order 
of e l u t i c n  of thcse conpouna i n  a mixture. When the phases are reversed, 
one mst use colum 4 (C1/Cu) of Table 4. 

follcws the decreasing order of P.C.s, the  separa t ion  of the  mixture 
kegins with the conpound of h ighes t  P.C., f o l l w e d  by conpcunds w i t h  

lcwer P.C.S. 

As the  e l u t i o n  p a t t e r n  
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S-TRIAZINE HERBICIDES 2233  

In  a typical exper imnt ,  a mixture ( 8  q) containing a t raz ine ,  
prcpazine, simazine, and t r i e t a z i n e  ( 2  q each) ,  whose P.C.s vary from 

0.63 to 6.90, w a s  c h r m t o g r a p h e d  cn high speed CCC i n  hexane-ethyl 

a c e t a t e - m t h a n o l r a t e r  (8: 2: 5: 5 ) ,  keeping the lcwer (aqueous ) phase 

s t a t i o n a r y .  These conpancis e lu ted  i n  the order  t h a t  me would predic t :  

t r i e t a z i n e  (P.C.: 6.90) e lu ted  tirst follcwed by prcpazine (P.C.: 3.95), 

a t r a z i n e  (P.C.: 1.41) and s i m z i n e  (P.C.: 0.63) wi th  the upper (ncn- 

aqueous) phase as m b i l e  phase (Fig. 3 ) .  The chromatographic separa t icn  

of the mixture ot chlor inated 5- t r iaz ines  w a s  mnple ted  wi th in  3 hours. 
The f r a c t i o n s  were m i t o r e d  with a UV m i t o r  a t  254 nm. The e l u e n t  

w a s  co l lec ted  i n  90 f r a c t i c n s  (5.2 ml/fract icn;  f l m  rate: 2.6 ml/min) 

during the chromatographic separa t icn  of: the mixture. The f r a c t i c n s  

correspcnding to each UV peak were kept  separate (k t  peak: Eracticns 
10-11; 2nd peak: Fract icns  15-19; 3rd peak: Fract ions 30-35, and 4th 

peak: Rracticns 66-79). Because of the hcmgencus nature  of the 

Eractions corresponding to peaks, cnly the nuddle f r a c t i o n  from each 

peak w a s  analyzed by m s  s p e c t r a t r y .  

metric data  c c n f i r m d  t r i e t a z i n e  under the f i r s t  peak, propazine under 

the second peak, a t r a z i n e  under the t h i r d  peak, and s i n w i n e  under the  

last peak ( F i g s .  4 and 5). This  work unequivocally d e m s t r a t e d  that 
the p a r t i t i c n  coef f ic ien ts  give correct guidance during the  separaticn 
of the mixture. 

As expected, the mass spectro- 

T o  s h m  that the r e v e r s a l  of phase a f f e c t s  the order of separa t icn ,  

due to r e v e r s a l  of P.C.s (colunn 4, Table 41, the mixture ( 4  mg) ccntain- 
ing t h e  same chlor inated 5- t r iaz ines  (1 q each) w a s  chromatographed 

cn a hor izonta l  flcw-through coil centr i fuge,  keeping the upper (ncn- 
aqueous) phase s t a t i c n a r y .  We have chcsen to u s e  the s m  s o l v e n t  

sytem &It  s i n p l y  to reverse the phase, whereby the change i n  P.C.s 
(C1/Cu) reverses  the order of the e lu t i cn  p a t t e r n  f o r  these conpounds 

(Fig. 6 ) .  In  this way, s i m z i n e  (P.C.: 1.60), which had the longes t  

r e t e n t i c n  tim i n  the above s i t u a t i c n  (Fig. 3 )  and had to be purrped 
c u t  of the c o l u n n  wi th  the s t a t i c n a r y  (upper) phase so lvent ,  IS nod 

eluted with the  s h o r t e s t  re ten t ion  t i m e  (Fig. 6 ) .  Ebrther, clean 

separa t icns  of simazine f r m  prcpazine, and a t r a z i n e  from prcpazine are 
made (Fig. 61, although the r e t e n t i c n  tim are lcnger i n  this separa- 
t i c n  p r o f i l e .  
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2236 MANDAVA, ITO, AND RUTH 

Instrument: Horizontal Flow-Through Coil Planet Centrifuge 
Solvent: Hexane-EtoAc-MeOH-H,O (8:2:5:5) 
Mobile Phase: Lower Phase 

1.5 

E 
8 1.0 
al 0 

f 0.5 

9 
0 

0 

Trietazina 

50 100 150 
Fraction Number 

0 1 2 3 4 

Time (Hrs.) 

Figure 6 .  Separaticn of t h e  Chlorinated g q r i a z i n e s  by Horizontal 
FlaJ-Thrcugh Coil Planet  Centr i fuge i n  Hexane-Ethyl Acetate- 
Methanol-Water (8:2:5:5). Lcwer Phase: Mobile. 

This  approach d e m t r a t e d  t h a t :  

1. The p a r t i t i o n  c o e f f i c i e n t  is e i t h e r  d i r e c t l y  or i n w x s e l y  

r e l a t e d  to the  r e t e n t i c n  tims masured  from the  so lvent  

f r c n t ,  and 

2. Reversal of the  choice for the  mobile phase gives the  reciprocal 
values of t h e  P.C.s and therefore  a f f e c t s  the re ten t ion  ti- 

of the solute mleales. 

As indicated previcusly ( 9 ) ,  t h e  approach has the  follcwing 

advan tages : 

1. Changing the phase from s t a t i c n a r y  to m b i l e  is very easy to 
perform i n  CCC; 
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S-TRIAZINE HERBICIDES 2231  

2. I f  a p a r t i c u l a r  colrpound of i n t e r e s t  takes a lcng t i m e  to 
elute from the  CCC colum, changing t h e  phase reduces the 
re ten t ion  tire considerably; 

3. For res idue determinaticn of chlor inated 5- t r iaz ines  from 

p l a n t  or soil sallples, me could first separate the s-tria- 
z i n e ( s )  from other  undesired conpcunds by a pr-s where t h e  
s - t r i a z i n e ( s )  can be collected f i r s t  (with s h o r t e r  or lcnger  
r e t e n t i c n  tires) i n  a semi-preparative CCC rrpde and later, by 
reversa l  of the phase i n  CCC, one could obta in  a pure collpcund 
al an a n a l y t i c a l  ccc colum. 

CDKLUSIONS 

The work presented i n  t h i s  paper demnstrates t h a t  CCC appears to 
have g r e a t  p o t e n t i a l  f o r  the separa t ion  and ana lys i s  of 2- t r iaz ine  
herbicides  i n  an e f f i c i e n t  manner. Nei ther  expensive colums nor 
c c s t l y  i n s t r u m n t s  are required i n  this type of separa t icn .  With the 
a v a i l a b i l i t y  of d i f f e r e n t  CCC instruments and colums, separaticn 
can be c a r r i e d  c u t  cn e i t h e r  an a n a l y t i c a l  or a prepara t ive  scale. 
When desired,  g rad ien t  e lu t ion  can k performd i n  a manner similar to 
HPLC. 

of p e s t i c i d e  residues from water, soil,  p l a n t ,  and animal s a f e s  a f t e r  
ccnventional extracticn methods give s u i t a b l e  f r a c t i c n s ,  each of which 

can be successfu l ly  analyzed follcwing the procedures c u t l i n e d  atove. 

In retraspect, the method my have wide a p p l i c a b i l i t y  ior ana lys i s  
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