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DETERMINATION OF CARBAMlC H E R B I C  

CHROMATOGRAPHY (HPLC) 

DES BY HIGH PERFORMANCE LIQUID 
I I .  CHLORPROPHAM. 

A. PeAa Heras and F. Sgnchez-Rasero” 

Es tac i6n  Exper imenta l  de l  Z a i d i n ,  

U.E. de Quimica A n a l i t i c a  Apl icada,  

P ro feso r  Albareda, 1 ,  Granada, Spain. 

ABSTRACT 

Two s imple,  p r e c i s e ,  and r a p i d  reversed-phase h i g h  performance 

1 i q u i d  chromatographic procedures, Ex te rna l  and I n t e r n a l  s tandard 

methods, a r e  desc r ibed  f o r  t h e  d e t e r m i n a t i o n  o f  ch lorpropham i n  

e m u l s i f i a b l e  concentrates.  Samples a r e  d i l u t e d  w i t h  methanol and 

4 - n i t r o - d i p h e n y l  e t h e r  i s  added a s  t h e  i n t e r n a l  standard. C a l i b r a t i o n  

and q u a n t i t a t i o n  i s  made w i t h  t h e  use o f  pu re  chlorpropham, and 

r e s u l t s  ob ta ined  i n  abso lu te  o r  r e l a t i v e  amounts acco rd ing  t o  ou r  

needs. L i n e a r i t y  i n  b o t h  cases i s  achieved f rom 0.1 t o  IS pg o f  

chlorpropham, e q u i v a l e n t  t o  10 pL i n j e c t i o n s  o f  s o l u t i o n s  o f  t h i s  

chemical a t  c o n c e n t r a t i o n s  o f  1 x 10 t o  1.5 g L . Methanol /water  
- 1  (60/40 V / V )  a t  a f l o w  o f  2 mL min i s  used a s  e l u e n t  and r e t e n t i o n  

t imes a r e  approx ima te l y  4.4 and 5.9 min r e s p e c t i v e l y  f o r  ch lorpropham 

and 4 - n i t r o - d i p h e n y l  e the r .  D e t e c t i o n  l i m i t  t u rned  o u t  t o  be 3.9 ng 

-2 - 1  
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328 PENA H E M S  AND SANCHEZ-EUSERO 

-4 - 1  
o f  chlorpropham, t h a t  i s ,  10 ~IL o f  a s o l u t i o n  a t  3.9 x 10 g L . 
The I n t e r n a l  s tandard method improves s l i g h t l y  t h e  con f idence  l i m i t  

and t h e  r e l a t i v e  s tandard d e v i a t i o n  w i t h  rega rd  t o  t h e  E x t e r n a l  

s tandard method. 

INTROUUCTION 

Chlorpropham (CIPC), l sop ropy l  3-chloro-phenyl-carbamate 

H O  H 

I / C H 3  

c1  CH3 

\ / N - C - 0 - C ,  

i s  a pre-emergence n o n - s p e c i f i c  h e r b i c i d e  and 

i n  ware potatoes.  

I t  presents  a low t o x i c i t y  and i s  formu 

i n h i b i t o r  o 

a ted  as emu 

s p r o u t i n g  

s i f  i a b l e  

concen t ra te  o r  granules;  product  and fo rmu la ted  a n a l y s i s  i s  by 

h y d r o l i s i s ,  measuring t h e  carbon d i o x i d e  formed o r  t i t r a t i n g  the  

l i b e r a t e d  3 - c h l o r o - a n i l i n e  w i t h  sodium n i t r i t e  ( 1 )  and by GLC w i t h  

I i ndane  as i n t e r n a l  s tandard ( 2 ) ;  a s1 i g h t  decomposi t ion o f  chlorpropham 

occurs w i t h  

To avo 

performance 

i n t e r n a l  ( B )  

Spa rac 

h i s  method. The f i r s t  two a r e  n o t  s p e c i f i c .  

d t h e  above inconveniences, two reversed-phase h i g h  

i q u i d  chromatographic  methods, w i t h  e x t e r n a l  ( A )  and 

standards, were developed. 

no and Hines (3) separated some 30 carbamates u s i n g  b o t h  

normal and reverse-phase mode by HPLC, work ing a t  t h e  r e s i d u e  l e v e l .  

MATERIALS AND METHODS 

Apparatus 

H i g h  performance l i q u i d  chromatograph Hewlet t -Packard 1084 B 
equipped w i t h  microprocessor ,  RP-8  chromatographic column and 

M i l l i p o r e  f i l t e r s  as desc r ibed  i n  a p rev ious  paper ( 4 ) .  
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DETERMINATION OF CARBAMIC HERBICIDES. I1 329 

Reagents 

E luen t :  Methanol HPLC qua1 i t y  (Merck, D a r m s t a d t ) / b i d i s t i l  l e d  

water  (60/40 V / V ) .  F i l t e r  througl  

degas under l i g h t  vacuum. 

For method A 

1) Ex te rna l  s tandard s o l u t  

(65/35 V / V ) .  Weigh approx ima te l y  

a p p r o p r i a t e  M i  1 1  [ p o r e  f i 1 t e r s  and 

- 1  on. 0.2 mg mL i n  methanol/water 

0.050 g o f  pure chlorpropham (R iede l -  

de Ha& AG, Seelze-Hannover) i n t o  a 50 mL v o l u m e t r i c  f l a s k ,  d i s s o l v e  

and d i l u t e  t o  volume w i t h  methanol/water 65/35. D i l u t e  10 mL o f  t h i s  

mother s o l u t i o n  i n  a 50 mL v o l u m e t r i c  f l a s k  w i t h  t h e  same so lven t .  

F i l t e r  through a p p r o p r i a t e  M i l l i p o r e  f i l t e r  i n t o  small v i a l  and cap. 

2 )  40 % EC s o l u t i o n .  Weigh approx ima te l y  0.150 g o f  40 % 
E m u l s i f i a b l e  Concentrate (EC), ( Z e l t i a  Ag ra r ia ,  S.A., P o r r i A o ,  Spain) ,  

i n t o  a SO mL v o l u m e t r i c  f l a s k  and d i l u t e  t o  volume w i t h  methanol/ 

water  65/35. D i l u t e  10 mL o f  t h i s  s o l u t i o n  i n  a 50 mL v o l u m e t r i c  

f l a s k  w i t h  t h e  same so lven t .  F i l t e r  through a p p r o p r i a t e  M i l l i p o r e  

f i l t e r  i n t o  small v i a l  and cap. 

3)  Working chlorpropham s o l u t i o n s .  Weigh 1.1603 g o f  40 % EC 

i n t o  a 50 mL v o l u m e t r i c  f l a s k  and d i l u t e  t o  volume w i t h  methanol. 

D i l u t e  16 mL o f  t h i s  s o l u t i o n  i n  a 25 mL v o l u m e t r i c  f l a s k  w i t h  

methanol (14.852 g L ) .  Eleven s o l u t i o n s  o f  decreas ing c o n c e n t r a t i o n  

were prepared, s t a r t i n g  from t h e  above and d i l u t i n g  t o  1:2 w i t h  

methanol. 

-1 

For method B 

1) I n t e r n a l  s tandard s o l u t i o n .  Weigh 1.125 g o f  4 - n i t r o - d i p h e n y l  

e t h e r  (F luka AG, CH-9470 Buchs, Sw i t ze r land )  i n t o  a 250 mL v o l u m e t r i c  

f l a s k ,  d i s s o l v e  and d i l u t e  t o  volume w i t h  methanol. 

-1 2 )  Mixed s tandard s o l u t i o n .  0.2 mg mL chlorpropham and 0.9 mg 
- 1  mL 4 - n i t r o - d i p h e n y l  e t h e r  i n  methanol/water (65/35 V / V ) .  T rans fe r  

10 mL o f  t h e  mother E x t e r n a l  s tandard s o l u t i o n  from method A and 10 

mL o f  t h e  above I n t e r n a l  s tandard s o l u t i o n  t o  a SO mL v o l u m e t r i c  
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330 PENA HERAS AND SANCHEZ-RASERO 

f l a s k  and d i l u t e  t o  volume w i t h  methanol/water 65/35. F i l t e r  through 

appropriate M i l l i p o r e  f i l t e r  i n t o  smal l  v i a l  and cap. 

3) Mixed 40 % EC s o l u t i o n .  T r a n s f e r  10 mL o f  t h e  40 % EC 

s o l u t i o n  from method A ,  a t  a c o n c e n t r a t i o n  o f  0.150 g 50 mL , 
and 10 mL o f  t h e  above I n t e r n a l  s tandard s o l u t i o n  t o  a SO mL 

v o l u m e t r i c  f l a s k  and d i l u t e  t o  volume w i t h  methanol/water 65/35. 
F i l t e r  through a p p r o p r i a t e  M i l l i p o r e  f i l t e r  i n t o  small  v i a l  and 

cap. 

- 1  

4) Mixed work ing chlorpropham s o l u t i o n s .  Weigh 1.1343 g o f  

40 3 EC i n t o  a 50 mL v o l u m e t r i c  f l a s k  and d i l u t e  t o  volume w i t h  

methanol. D i l u t e  16 mL o f  t h i s  s o l u t i o n  i n  a 25 mL v o l u m e t r i c  f l a s k  

w i t h  methanol (14.519 g L ) .  Prepare e leven  s o l u t i o n s  o f  dec reas ing  

c o n c e n t r a t i o n ,  s t a r t i n g  f rom t h e  above and d i l u t i n g  always t o  1:2 

w i t h  methanol, i n  25 mL v o l u m e t r i c  f l a s k s .  Add t o  eve ry  f l a s k  5 mL 

o f  t he  I n t e r n a l  s tandard s o l u t i o n  and d i l u t e  t o  volume w i t h  methanol. 

- 1  

Chromatographic c o n d i t i o n s  

E luen t :  Methanol/water (60/40 V / V ) ,  f l o w  2 mL m in - ' ,  column 

temp. 40", methanol temp. 4 S 2 C ,  water  temp. 80", v a r i a b l e  wavelength 

d e t e c t o r  vis.-UV, wavelength 240 nm vs. 430 nm, i n j e c t .  v o l .  10 pL, 

a t t n .  2 . 8 

C a l i b r a t i o n  and q u a n t i t a t i o n  

I n j e c t  10 pL a l i q u o t s  o f  eve ry  s tandard s o l u t i o n ,  f o r  eve ry  

method, i n t o  chromatograph u n t i l  v a r i a t i o n  i n  s tandard peak areas 

i s  l e s s  than 1 3. A d j u s t  d e t e c t o r  s e n s i t i v i t y  i n  o r d e r  t o  o b t a i n  

peak h e i g h t s  ca 60-80 % f u l l  sca le.  C a l i b r a t e  and i n j e c t  10 i i L  o f  

the samples t o  be analyzed. Resu l t s  w i l l  be o b t a i n e d  i n  a b s o l u t e  or 

r e l a t i v e  amounts, acco rd ing  t o  ou r  needs, by au tomat i c  i n t e g r a t i o n  

o f  t he  peak areas. 

RESULTS AND D I S C U S S I O N  

Some prev ious  t e s t s  were made t o  f i n d  o u t  how many analyses 

should be made f o r  eve ry  sample and how many i n j e c t i o n s  f o r  eve ry  
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DETERMINATION OF CARBAMIC HERBICIDES. I1 
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Figure 1 .  Chromatography of pure 0 and 40 % EC 
chlorpropham @wi th  CH,OH/H,O ( 6 0 / 4 0  
V/V 1 as eluent . 

a n a l y s i s ,  i n  eve ry  method, i n  o r d e r  t o  m a i n t a i n  a p r e c i s i o n  lower  

than  1 % (P = 0.01). One a n a l y s i s  and one i n j e c t i o n  a r e  enough for 

t h e  I n t e r n a l  s tandard method B. One a n a l y s i s  b u t  t h r e e  i n j e c t i o n s  

a r e  necessary f o r  t h e  E x t e r n a l  s tandard method A. 

The chromatography of pu re  and 40 % EC o f  clorpropharn, w i t h  

E x t e r n a l  standard, i s  shown i n  F i g u r e  1 .  R e t e n t i o n  t ime  i s  approx ima te l y  

t h e  same i n  b o t h  cases: 4.34 and 4.35 min. The c o n c e n t r a t i o n  o f  a c t i v e  

i n g r e d i e n t  i n  t h e  EC l a b e l l e d  40 %, mean o f  6 de te rm ina t ions ,  i s  

41.9 - + 0.13, s = 0.127, S r  = 0.303. 

Scan f o r  chlorpropham was done and i t  p resen ts  a maximum o f  

absorbance a t  240 nm and a shoulder  a t  about  280 nm. 
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332 PENA H E M S  AND SANCHEZ-RASERO 

Table I .  1.121 o f  chlorpropham i n j e c t e d  and found and i t s  c o r r e l a t i o n  

c o e f f i c i e n t .  Accuracy 4 and p r e c i s i o n  5 .  
ESTD method A. 

C o r r e l a t i o n  

c o e f f i c i e n t  i n j e c t e d  pg found pg accuracy % p r e c i s i o n  % a)  

0.9999 

62.229 36.042 

31.115 

15.557 

7.779 
3.889 
1.945 

0.972 

0.486 

0.243 

0.122 

0.060 

27.404 

I 6.092 

4.078 

8.032 

1.994 

0.994 

0.493 

0.240 

0.117, 

0.048 

42.08 0.56 

11.93 0.68 

-3.44 1.29 

-3.25 0.13 

-4.86 0.71 

-2.52 0.31 

-2.26 0.77 

-1.44 1.02 

1.23 1.05 

4.10 1.71 

20.00 3. I8 

~- 

a)  Standard r e l a t i v e  d e v i a t i o n  o f  t h r e e  de te rm ina t  ions 

i n j e c t e d  pg - found pg 

i n j e c t e d  pg 

accuracy % = -* x 100 

The e leven work ing  c lorpropham s o l u t i o n s  f rom method A were 

analyzed. Table I summarizes i n j e c t e d  and found 1-19 o f  ch lorpropham 

as w e l l  as accuracy, p r e c i s i o n  and c a l c u l a t e d  c o r r e l a t i o n  c o e f f i c i e n t  

f o r  those numbers i n  b racke ts ,  i n  which accuracy and p r e c i s i o n  a r e  

sma l le r  than %. From t h i s  Table i t  i s  p o s s i b l e  t o  reach t h e  conc lus ion  

t h a t  B e e r ' s  law i s  fo l l owed ,  and t h e  optimum work ing  space i s  found, 

w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9999, between 0.122 and 15.557 pg 

o f  chlorpropham. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DETERMINATION OF CARBAMIC HERBICIDES. I1 
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Figure 2 Chromatography of pure @and 4 0 %  E C 
chlorpropham@with CH,OH H 2 0  ( 6 0 / 4 0  
V / V  ) as  eluent and 4-nitro-diphenyl ether 
as internal standard. 

I n  s p i t e  o f  t h e  v e r y  good r e p e a t a b i l i t y  o f  t h e  au tomat i c  

v a r i a b l e  volume i n j e c t o r ,  t h e  i n t r o d u c t i o n  o f  an I n t e r n a l  s tandard,  

4 - n i t r o - d i p h e n y l  e t h e r ,  improves t h e  r e s u l t s .  

The chromatography o f  pure and 40 % E C  o f  chlorpropham, w i t h  

I n t e r n a l  standard, i s  shown i n  F i g u r e  2. R e t e n t i o n  t imes  a r e  

ap rox ima te l y  t h e  same i n  b o t h  cases: 4.40-5.92 and 4.39-5.90 min. 

The c o n c e n t r a t i o n  of a c t i v e  i n g r e d i e n t  i n  t h e  EC l a b e l l e d  40 %, mean 

o f  6 de te rm ina t ions ,  i s  41.3 - + 0.08, s = 0.079, Sr  = 0.191. 

The e leven Mixed work ing chlorpropham s o l u t i o n s  f rom method B 

were analyzed. Table I I  shows i n j e c t e d  and found ug o f  chlorpropham 
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334 PENA HERAS AND SANCHEZ-RASERO 

Table I I .  1-19 o f  chlorpropham i n j e c t e d  and found and i t s  c o r r e l a t i o n  

c o e f f i c i e n t .  Accuracy S and p r e c i s i o n  2. 
ISTD method B. 

C o r r e l a t i o n  

c o e f f i c i e n t  i n j e c t e d  pg found ~.ig accuracy 2 p r e c i s i o n  X a)  

0.9999 

59.935 30. S92 
29.967 25.704 
14.984 
7.492 
3.746 
1 .a73 
0.936 
0.468 

o. 1 17 
0.234 

0.059 

15.14U 
7.820 
3.850 
1.920 

0.961 
0.491 
0.238 
0.119 
0.058 

48.96 
14.23 
-1.04 
-4.38 
-2.78 
-2.51 
-2.67 
-4.91 
-1.71 
-1.71 

1.69 

2.15 
0.71 
0.23 
0,30 

0.27 
0.21 

1.04 

2.60 

2.52 

4.37 
11.31 

a)Standard r e l a t i v e  d e v i a t i o n  o f  t h r e e  d e t e r m i n a t i o n s  

i n j e c t e d  pg - found ~g 

i n j e c t e d  1-19 

accuracy S; = x 100 

as w e l l  as accuracy, p r e c i s i o n ,  and c a l c u l a t e d  c o r r e l a t i o n  c o e f f i c i e n t  

f o r  those numbers i n  b racke ts  i n  which accuracy and p r e c i s i o n  a r e  

sma l le r  than 5 9; .  From t h i s  Table i t  i s  p o s s i b l e  t o  reach t h e  conclu-  

s i o n  t h a t ,  a l t hough  Beer's law i s  f o l l o w e d  f rom 0.059 t o  14.984 Vg, 

t h e  optimum work ing space, w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9999, 
i s  o n l y  found between 0.117 and 14.984 1-19 o f  chlorpropham. 

Lower c o n c e n t r a t i o n s  o f  t h e  work ing  chlorpropham s o l u t i o n s  

from method A were employed u s i n g  a s i g n a l  t o  n o i s e  r a t i o  o f  2 : 1 ,  

t o  f i n d  t h e  d e t e c t i o n  l i m i t  which t u r n e d  out t o  be 3.9 ng o f  
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DETERMINATION OF CARBAMIC HERBICIDES. I1 335 

chlorpropham, e q u i v a l e n t  t o  10 yL o f  a s o l u t i o n  o f  t h i s  chemical 

a t  a c o n c e n t r a t i o n  o f  3.9 x 10 g L . -4  -1 

I n  conc lus ion ,  b o t h  methods work s a t i s f a c t o r i l y  i n  t h e  a n a l y s i s  

o f  E C  o f  chlorpropham, t h e  I n t e r n a l  s tandard one improves s l i g h t l y  

t h e  conf idence l i m i t  and t h e  r e l a t i v e  s tandard d e v i a t i o n .  

L i n e a r i t y  i n  b o t h  cases i s  achieved f rom about 0.1 t o  15  yg 

o f  chlorpropham, e q u i v a l e n t  t o  10 pL i n j e c t i o n s  o f  t h i s  chemical 

a t  c o n c e n t r a t i o n s  o f  I x 1 0  -2  t o  1 . 5  g L-'. 
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