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ELECTROCHEMICAL DETECTION OF 
PHENYLUREA HERBICIDES IN 
LlQU ID CHROMATOGRAPHY 

M. W.  F. Nielen*, G. Koomen, R.  W. Frei, 
and U. A. Th. Brinkman 

Department of Analytical Chemistry 
Free University 

De Boelelaan 
De Boelelaan 1083 

1081 H V  Amsterdam, The Netherlands 

ABSTRACT 

This paper describes the electrochemical detection of ten 
phenylurea herbicides after on-line trace enrichment o n  a small C18 
precolumn and liquid chromatography on a C18 analytical column. The 
method presented shows sub-ppb sensitivity in surface water samples 
without extensive sample pretreatment. Electrode contamination 
occurs but does not seriously interfere in the routine analysis of  
such samples. Selective determination (at 1.0 V )  of metoxuron in 
the presence of other phenylureas allows the detection of 30 ppt 
o f  the herbicide in surface water. 

INTRODUCTION 

Substituted phenylurea herbicides are frequently used in 
agriculture ( 1 )  and appear consequently in run-off and surface 
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316 NIELEN ET AL. 

waters (2 ) .  Analys is  o f  these compounds has been done by gas (GC) 

and 1 i q u i d  (LC) chromatography (3,4). The thermolabi  1 i t y  o f  t he  

phenylureas i s  a ser ious disadvantage f o r  GC ana lys i s  and makes 

d e r i v a t i z a t i o n  procedures necessary (3,5,6). D i r e c t  determinat ion 

o f  phenylureas i n  sur face water by LC w i t h  UV absorbance d e t e c t i o n  

i s  poss ib le  but  t he  ra the r  poor s e n s i t i v i t y  and s e l e c t i v i t y  a re  a 

ser ious problem. Recently, our group described an automated LC 

method based on precolumn technology, f o r  t h e  determinat ion o f  

phenylurea he rb i c ides  i n  surface water i n  the  presence o f  t h e  

corresponding a n i l i n e s  ( 7 ) .  An i l i nes ,  which i n t e r f e r e  w i t h  the  

separat ion o f  t h e  phenylureas a re  trapped on a plat inum-loaded 

precolumn. The phenylureas themselves pass through and a r e  en- 

r iched on a precolumn packed w i t h  C l8  m a t e r i a l ;  UV d e t e c t i o n  was 

done a t  243 nm. I n  th i ss tudy ,  we improved t h e  performance o f  t h e  

quoted LC method by us ing d i r e c t  e lectrochemical  instead o f  UV 

de tec t i on  f o r  t h e  phenylurea herb ic ides.  

EXPER I MENTAL 

Apparatus 

The system used consisted o f  a Perk in  Elmer (Norwalk, CT, 

USA) Series I pump equipped w i t h  a Kontron (Z i i r ich,  Switzer land) 

pulse damper, two A l t e x  (Berkeley, CAY U.S.A.) Model 110 

pumps, two home-made s i x - p o r t  swi tch ing va lves and an e l e c t r o -  

chemical de tec to r  cons i s t i ng  o f  a Metrohm (Herisau, Switzer land) 

1096/2 c e l l  equipped w i t h  a glassy carbon working e l e c t r o d e  

(diameter, 3 mn), an Ag/AgCI/l M L iC l  ( i n  50% methanol) re ference 

electrode, a p la t inum a u x i l i a r y  e lec t rode  and a home-made poten- 

t i o s t a t / a m p l i f i e r .  The volume o f  the d e t e c t i o n  c e l l  was approx. 

1 P I .  For the purpose o f  comparison a var iable-wavelength UV de- 

t e c t o r  (Perkin Elmer LC-55) was used a t  243 nm. Chromatograms 

were recorded on a Kipp and Zonen ( D e l f t ,  t h e  Nether lands) BD 40 

recorder. 
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DETECTION OF PHENYLUREA HERBICIDES 317 

Chem i ca 1 s 

HPLC-grade methanol was obtained from J.T. Baker (Deventer, 

t he  Netherlands). LC-water was obtained by p u r i f i c a t i o n  o f  de- 

m ine ra l i zed  water i n  a M i l l i - Q  ( M i l l i p o r e ,  Bedford, MO, U.S.A.) 

f i l t r a t i o n  system. Sodium monohydrogen phosphate and phosphoric 

a c i d  were a n a l y t i c a l  grade from Baker. 

The phenylurea herb ic ides under i n v e s t i g a t i o n  were g i f t s  

from the Food Inspect ion Service (Amsterdam, the  Nether lands) 

and a re  l i s t e d  i n  Table I. Stock so lu t i ons  o f  these compounds 

were made i n  methanol and s tored a t  -20 C. These s o l u t i o n s  were 

d i l u t e d  w i t h  LC-water t o  ob ta in  standards a t  t he  ppm and ppb 

l e v e l .  

0 

Chromatography 

The herb ic ides were separated on a 100 x 3 . 0  mm I . D .  g lass  

column packed, w i t h  8 pm CP-Spher-C18 by Chrompack (Middelburg, 

the Netherlands). The mobi le phase consis ted o f  0.02 M phosphate 

b u f f e r  (pH 7.0) - methanol (45:55) and was d e l i v e r e d  a t  0.4 

ml/min. Under these cond i t i ons  s u f f i c i e n t  r e s o l u t i o n  was ob- 

ta ined  ( c f .  F ig .  3 below). The home-made 11 x 2.0 mm 1.0. pre- 

colunn used f o r  t h e  o n - l i n e  t r a c e  enrichment was s l u r r y  packed 

by hand w i t h  10 urn LiChrosorb RP-18  (Merck, Darmstadt, G.F.R.) 

as descr ibed elsewhere ( 8 ) .  This  type o f  precolumn i s  commer- 

c i a l l y  a v a i l a b l e  from Chrompack. 

Methods 

The o n - l i n e  t r a c e  enrichment, separat ion and d e t e c t i o n  were 

done us ing the experimental set-up schemat ica l ly  shown i n  F ig .  1 .  

Compared t o  r e f .  7 two changes were introduced: a t h i r d  pump was 

used instead o f  a low-pressure so lvent  s e l e c t i o n  va l ve  and a l l  

values were operated by hand instead o f  the microprocessor- 

- c o n t r o l l e d  sw i t ch ing  apparatus. 
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318 NIELEN ET AL. 

TABLE 1 

Phenylurea Herbicides under Invest igat ion 

Y 

Substituents 

Herb i c i de X Y R 

Fenuron 

Me toxu ron 

Monu ron 

Monolinuron 

Me tobromu ron 

C h 1 o r  to1 uron 

Diuron 

Chlorbromuron 

Linuron 

Chloroxuron 

H 

OCH3 

C I  

CI 

Br 

CH3 
c1 

Br 

CI 

4-C 1 -C6H40 

H 

CI 

H 

H 

H 

CI 

CI 

C I  

c1 

H 

CH3 

CH3 

CH3 
0ch3 
0ch3 

CH3 

H3 
0ch3 
0ch3 
CH3 
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?!3 eluent 

IYY damper 

Waste 
\ Waste 

samples A 7  \I\ 

PRELW LUM N recorder 
E C .  

detector 

FIGURE 1. Experimental set-up for the on-line trace enrichment, 
separation and electrochemical detection of phenylurea 
herbicides. Precolumn, 1 1  x, 2.0 mm I . D .  packed with 
10 urn LiChrosorb RP-18; analytical column, 100 x 3.0 
mm I . D .  packed with 8 urn CP-Spher-C18; eluent, 0.02 M 
phosphate buffer (pH 7.0) -methanol (45:55), delivered 
at 0.4 ml/min. 

RESULTS AND DISCUSSION 

Choice of  oxidation potential 
To determine the optimal detection potential, 24 P I  of a 

mixture o f  eight herbicides (2 pprn each) were injected with a 
loop in the position o f  the precolumn (cf. Fig. 1 )  and chroma- 
tographed. The detection potential was varied from 0.9 to 1.4 V 

with 0.1 V increments. Peak areas were normalized per nMol of  

herbicide. The results shown in Fig. 2 indicate that metoxuron 
is quantitatively oxidized at 1.0 V ,  whereas the other herbicides 
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320 NIELEN ET AL. 

0 .  
0 .  
8 =  
0 .  
0 .  
0 :  
0 :  

fenuron 
metoxuron 
monuron 
rnonolinuron 
dturon 
chlorbromuron 
linuron 

090 1.00 1.10 1.20 130 1.40 

potential (volt) 
- oxidation 

FIGURE 2. Signals per nMol h e r b i c i d e  f o r  24 P I  loop i n j e c t i o n s  
o f  a standard s o l u t i o n  a t  d i f f e r e n t  o x i d a t i o n  poten- 
t i a l s .  

o n l y  s t a r t  t o  g i v e  s i g n i f i c a n t  s igna ls  a t  about 1.2 V .  Th is  

makes 1.0 V a s u i t a b l e  p o t e n t i a l  f o r  the s e l e c t i v e  d e t e c t i o n  o f  

metoxuron i n  t h e  presence o f  o the r  phenylurea he rb i c ides  and 

many o the r  i n t e r f e r i n g  compounds (see below). From F ig .  1 i t  i s  

ev ident  t h a t  i f  we want t o  o x i d i z e  a l l  he rb i c ides  - and especia l -  

l y  l i n u r o n  and chlorbromuron - e f f i c i e n t l y ,  t he  d e t e c t i o n  poten- 

t i a l  should be 1.4 V or even h igher .  However, a t  such a h i g h  

de tec t i on  p o t e n t i a l  t h e  background c u r r e n t  and no ise  a r e  con- 

s ide rab ly  increased. Therefore, a p o t e n t i a l  o f  1.3 V seems t o  be 

a f a i r  compromise. 

The o x i d a t i o n  p o t e n t i a l  for a p a r t i c u l a r  h e r b i c i d e  i s  

s t rong ly  determined by i t s  subs t i t uen ts .  The rnethoxy group i n  
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DETECTION OF PHENYLUREA HERBICIDES 32 1 

the para pos i t ion  o f  the benzene r i n g  resu l t s  i n  a decrease o f  

the ox idat ion po ten t ia l  (metoxuron VS. fenuron). Electronegative 

substi tuents such as ch lor ine and bromine atoms cause an in -  

crease of the ox idat ion potent ia l  (diuron vs. monuron 

and l inuron vs. monolinuron). F ina l l y ,  if the methoxy subst i tuent  

i s  on the non-aromatic nitrogen atom, the ox ida t ion  po ten t ia l  

increases ( I  inuron vs. diuron, mono1 inuron vs. monuron). 

Analy t ica l  aspects 

A standard so lu t ion  o f  the herbicides i n  LC-water was used 

determine the recovery o f  the t race enrichment procedure, and to  

the l i n e a r i t y  and the detection l i m i t s  w i t h  the electrochemical 

detector set a t  1.3 V. The concentrations o f  the ind iv idua l  her- 

bicides i n  the standard so lut ion ranged between 0.8 and 43 ppm 

t o  obta in  roughly the same peak heights f o r  a l l  t e s t  compounds. 

Peak heights were compared f o r  a 27 P I  loop i n j e c t i o n  o f  t h i s  

mixture and a 10-ml  trace enrichment (sampling ra te  1 ml/min) 

experiment w i th  the same standard so lu t ion  a f t e r  i t s  500-fold 

d i l u t i o n .  The preco umn was e lu ted on- l ine during 6 min (2.4 ml) 

t o  ensure quant i ta t  ve desorption and reconditioned w i t h  10 m l  

LC-water before the in t roduct ion o f  the next sample. The experi- 

ment was car r ied  ou t  i n  duplicate. The recoveries o f  the trace- 

-enrichment procedure, reported i n  Table I I ,  are 94-98% f o r  a l l  

phenylureas excepting fenuron. As i s  known from e a r l i e r  resu l t s  

(71, the poor recovery fo r  the l a t t e r  herb ic ide i s  due t o  break- 

through during the preconcentration step. 

by p l o t t i n g  a ca l i b ra t i on  curve for  6 herbicide-containing so- 

l u t i ons  prepared by 500-20,000 f o l d  d i l u t i o n  o f  the 0.8-43 ppm 

standard mixture. The calculated regression coe f f i c i en ts  

(0.9979-0.9999; c f .  Table 1 1 )  show the good l i n e a r i t y  over the 

range tested, e.g., over a t  least  one t o  two orders o f  magnitude 

around the 1-ppb level (from 0.04-1.6 ppb f o r  fenuron, t o  2.2-86 

The l i n e a r i t y  o f  the trace-enrichment procedure was checked 
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TABLE I I  

NIELEN ET AL. 

Recovery, Linearity and Repeatability of Herbicide Trace Enrich- 
ment with Determination by LC with Electrochemical Detection at 
1.3 V* 

Herb i c i de Sample concn. Recovery Regression Rel. S.D. 
( % I  coefficient (%; n = 1 1 )  

(n - 6) 1 oop trace 
inj. enrich. 

Fenuron 0.8 1.6 44 0.9979 6.0 

Me toxu ron 1.9 3.8 98 0.9985 3.5 

Monuron 1.3 2.6 98 0.9992 3.0 

Monolinuron 2.8 5.6 94 0.9991 5.5 

Diuron 4.3 8.6 98 0.9997 5.0 

Chlorbromuron 43.0 86 94 0.9999 6.0 

Linuron 27.0 54 96 0.9999 5.5 

*For all experimental details, see text 

ppb for chlorbrmuron) . The repeatabi 1 ity was tested by precon- 
centrating and analyzing a 1-70 ppb standard mixture 1 1  times; 
the precolumn was reconditioned on-line with 10 ml LC-water after 
each experiment. The results which are included in Table I I  show 
that the rel. S.D. is between 3 and 6% for all herbicides, in- 
cluding linuron and chlorbromuron, which are only partly oxidized 
under the experimental conditions. 

Fig. 3 shows a typical chromatogram obtained after preconcen- 
tration of a 10 ml standard solution containing ten herbicides at 
the low- and sub-ppb level. This chromatogram was used for cal- 
culating the detection limits with a signal-to-noise ratio of 
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1 

30 20 10 
TIME (rnin) 

< 

FIGURE 3. Trace enrichment and electrochemical detect ion o f  a 
10 ml standard solut ion i n  LC-water using the set-up 
of Fig.  1; detect ion a t  1 .3  V .  1 = fenuron (0.32 ppb), 
2 = metoxuron (0.40 ppb), 3 = monuron (0.30 ppb), 4 = 
mono1 inuron (0.50 ppb], 5 = metobromuron (0.80 ppb), 
6 = chlortoluron (0.70 ppb), 7 = diuron (0.90 ppb), 
8 = chlorbromuron (3.4 ppb), 9 = l inuron (2 .7  ppb) and 
10  = chloroxuron (1 .5  ppb). 
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TABLE I I I 

Detection Limits for Phenylurea Herbicides 

Herbicide LC-El. chem. LC-uv GC-El . captuie 
(this paper)* (ref. 7)* (refs. 5, 6) 
PFb ng PPb PPb 

Fenu ron 

Me toxu ron 

Monu ron 

Monolinuron 

Metob romu ron 

Ch lor to1 uron 

Oiuron 

Ch 1 orbromuron 

L i nu ron 

0.01 0.1 

0.02 0.2 

0.02 0 .2  

0.04 0.4 

0.04 0.4 

0.04 0.4 

0.05 0 .5  

0.4 4.0 

0 . 3  3 . 0  

0 . 3  

0 . 3  

0.3 

0.4 

0.9 

0.5 

0 . 3  

0.6 

1 .o 

0 . 3  

0.1 

0.1 

0.1 

0 .1  

0.1 

0 .1  

0.1 

0.1 

*On-line trace enrichment of 10 ml sample. 
+ Extraction of .50-ml sample, hydrolysis and derivatization with 
heptafluorobutyric anhydride; 1 P I  injection. 

five. These detection limits are reported in Table 1 1 1  and com- 
pared with some literature data. One notes that - except for 
linuron, diuron and chlorbromuron - the present method is at 
least one order of magnitude more sensitive than the previously 
described LC-UV method and comparable or even more sensitive 
than capillary GC with electron capture detection, for which a 
50 m sample, was needed. The absolute detection limits in GC with 
elec ron capture detection are, of course, much lower (about 1 pg) 
than those recorded for LC with electrochemical detection (about 
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DETECTION OF PHENYLUREA HERBICIDES 325 

1 ng; c f .  Table 1 1 1 ) .  The l im i ted  i n jec t i on  volume o f  about 1 p1 

used i n  c a p i l l a r y  GC, however, severely det racts  from the sensi- 

t i v i t y  i n  concentration un i t s  o f  the GC method. F ina l l y ,  one 

should no t ice  tha t  the present LC method al lows d i r e c t  introduc- 

t i o n  o f  the water samples without ext ract ion,  hydro lys is  and 

der iva t iza t ion .  

Surface water samples and electrode contamination 

Surface water ( r i v e r  Amstel, Amsterdam, the Netherlands) 

spiked w i th .e igh t  phenylureas a t  the 1.4-17 ppb level ,  was 

f i 1 tered over a 0.8 urn ce l lu lose  acetate membrane f i l t e r .  Then, 

10 m l  were preconcentrated and analyzed as described above w i t h  

detect ion a t  a po ten t ia l  o f  1.3 V. As can be seen from Fig. 4, 
detect ion o f  metoxuron and fenuron i s  impossible because o f  the 

high background signal occurring i n  the ear ly  pa r t  o f  the chro- 

matogram. A l l  other herbicides can, however, eas i l y  be determined 

a t  low- and sub-ppb levels  i n  t h i s  sample. Because o f  the low 

noise leve l ,  f u r the r  increase o f  the detector s e n s i t i v i t y  i s ,  

i n  p r inc ip le ,  possible, but then monuron and monolinuron w i l l  

a l so  be hidden under the background peak. For the res t ,  i f  the 

electrochemical detection a t  1.3 V i s  compared w i th  the UV 

method (7) a t  243 nm, the present method c l e a r l y  shows be t te r  

s e l e c t i v i t y  towards surface water samples. 

The inf luence o f  contamination o f  the electrode surface on 

the s e n s i t i v i t y  and repeatab i l i t y  was investigated as fol lows. 

27 P I  of a standard so lu t ion  i n  LC-water were in jec ted  onto the 

separation column (i .e.,  without trace enrichment) and a chroma- 

togram was recorded w i th  the electrochemical detector equipped 

w i t h  f resh ly  polished electrodes. A value o f  100 was a r b i t r a r i l y  

assigned t o  the peak heights so obtained. Then a 10 m l  surface 

water sample was preconcentrated and analyzed. Next, another 27 

~1 i n jec t i on  o f  a standard so lu t ion  i n  LC-water was done and the 
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3 r 

I 
TIME (mid 

4 

FIGURE 4 .  Trace enrichment and electrochemical detect ion of 10 
m l  r i v e r  water spiked wi th  the compounds o f  F ig .  3 ,  
except for  fenuron and metoxuron. Concentrations: 
(3) 1 ,4  ppb, (4) 2.6 ppb, (5 )  3.8 ppb, (6) 3.6 ppb, 
(7) 4.2 ppb, (8) 17.0 ppb, (9) 13.6 ppb and (10) 7 .4  
ppb. Other conditions as i n  Figs. 1 and 3 .  
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TABLE I V  

Influence of  Electrode Surface Contamination on the Sensitivity 
and Repeatability of Standard Loop Injections 

Herb i c i de Concn. of Signal of 27 P I  standard after 
standard 
(PPd 

passage of 10 m l  surface water* 
peak height rel. S . D .  (%) 

Monu ron 1.4 75 

Monolinuron 2.8 65 

Diuron 4.3 71 

Ch 1 orbromu ron 17.0 56 

Linuron 13.6 58 

Chloroxuron 7.4 85 

9 

1 1  

9 

9 

7 

9 

*7 cycles ( i  .e., latter 7 cycles of 9 cycles actual ly run; cf. 
text); average peak heights relative to those in clean-elec- 
trode situation which were set at 100. 

peak heights now obtained were compared with those of the first 
27 ~1 injection. This cycle was repeated 9 times and each time the 
comparison with the clean-electrode situation was made. The re- 
sults are given in Table I V .  It is evident that the signals de- 
crease after the analysis of  a surface water sample, probably 
due to deactivation of the electrode surface. I t  was observed 

that the system sensitivity - i.e., the peak height of the 
various 27-p1 loop injections relative to that recorded in the 
clean-electrode situation - dropped rapidly in the first and 
second cycle but, next, became virtually constant at the values 
reported in Table I V .  Substituting peak areas for peak heights 
gave the same results. In other words, the electrochemical detec- 
tor can successfully be used for the analysis of a series of 
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TABLE V 

NIELEN ET AL. 

Influence o f  Electrode Surface Contamination on the S e n s i t i v i t y  
and Repeatabi l i ty o f  10-ml Surface Water Trace Enrichment 

Herbicide Sampl e Signal o f  10 m l  surface water 
concen t ra  t ion trace enr i chmen t * 
(PPb) peak peak r e l .  S.D. (%) 

height area height  area 

Monu ron 0.7 46 53 11 11 

Monolinuron 1.4 66 76 12 11 

Diuron 2.2 87 111 10 10 

Chlorbromuron 8.5 65 98 14 9 

L i nu ron 6.6 79 88 13 15 

Chloroxuron 3.7 67 92 13 13 

'7 cycles ( i  .e., l a t t e r  7 cycles of 9 cycles ac tua l l y  run; c f .  
text ) ;  average signals r e l a t i v e  t o  those recorded i n  Table I V .  

samples, without in-between cleaning o f  the electrodes. I t  i s  

in terest ing t o  note that  the order o f  increasing loss o f  detec- 

t i o n  s e n s i t i v i t y  pa ra l l e l s  that  o f  increasing ox idat ion poten- 

t i a l  recorded i n  Fig. 2. 

I n  Table V, the peak heights and peak areas obtained a f t e r  

preconcentration and analysis o f  a series o f  10-ml  spiked sur- 

face water samples are reported, using the same model compounds 

and the same 9-cycle procedure as w i th  Table IV .  The peak heights 

and areas are corrected f o r  the decrease i n  s e n s i t i v i t y  recorded 

fo r  the standard loop in ject ions i n  Table I V .  The peak height vs. 

peak area resul ts  indicate that the repeated passage o f  the sur- 
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face water samples causes a d d i t i o n a l  band broadening i n  t h e  LC 

system (pre- p l u s  a n a l y t i c a l  column]. For tunate ly ,  however, reso- 

l u t i o n  remained s u f f i c i e n t l y  h i g h  fo r  s a t i s f a c t o r y  q u a n t i t a t i v e  

analys is .  

From Table V one sees t h a t  f o r  f ou r  ou t  o f  t he  s i x  he rb i c ides  

studied, t he  r e s u l t s  o f  the peak area measurements are,  w i t h i n  the  

experimental e r r o r  o f  about .f. l o % ,  the same f o r  t r a c e  enrichment 

and the  27 p1 loop i n j e c t i o n s .  A subs tan t i a l  d i f f e r e n c e  i s  ob- 

served o n l y  f o r  monuron and monolinuron. Since breakthrough 

dur ing t race  enrichment cannot exp la in  t h i s  phenomenon (71, 
p a r t l y  r e v e r s i b l e  d e a c t i v a t i o n  o f  the e lec t rode  sur face most 

probably expla ins these r e s u l t s .  That i s ,  t he  d e a c t i v a t i o n  o f  t h e  

e lect rode caused by e a r l y  e l u t i n g  contaminants o r  t h e i r  o x i d a t i o n  

products (which a f f e c t s  the  s e n s i t i v i t y  f o r  monuron and monol i -  

nuron) may w e l l  be restored v i a  desorpt ion phenomena be fo re  t h e  

o the r  herb ic ides pass through the  detector  c e l l .  Be t h a t  as i t  

may, the more important conclusion from Table V i s  t h a t  t h e  r e l .  

S.D. shows values o f  between 9 and 15% f o r  a l l  t e s t  so lu tes  and 

w i t h  both peak area and peak he igh t  measurements. That i s  low 
l eve l s  o f  a l l  he rb i c ides  can indeed be s a f e l y  determined i n  

s e r i e s  of  samples, desp i te  t h e  occurrence o f  (some) contaminat ion 

of  the e lec t rode  surface. 

Se lec t i ve  de tec t i on  o f  metoxuron 

When d iscuss ing F ig.  2 ,  a t t e n t i o n  was a l ready c a l l e d  t o  t h e  

promising a l t e r n a t i v e  o f  s e l e c t i v e  electrochemical  d e t e c t i o n  of 

metoxuron a t  1.0 V. A t  t h i s  p o t e n t i a l ,  the s e l e c t i v i t y  towards 

surface water samples i s  s t r o n g l y  improved. I n  F ig .  4 t h e  

metoxuron peak was completely covered by the background s igna l .  

A t  a de tec t i on  p o t e n t i a l  o f  1.0 V, however, metoxuron can ade- 

quate ly  be detected as i s  seen i n  Fig.  5. I n  t h i s  f i g u r e ,  the 

metoxuron s p i k i n g  l eve l  i s  0.6 ppb. The de tec t i on  l i m i t  f o r  t h i s  
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330 NIELEN ET AL. 

FIGURE 5 Select ive  detection o f  0.6 ppb metoxuron a t  1.0 V. 
. a f te r  on-l ine t race enrichment from 10 ml r i v e r  water.  
As regards the other  phenylureas, small peaks show up 
only  for  monuron ( 1 . 4  ppb), metobromuron (3 .8  ppb) and 
diuron (4.2 ppbl. Other conditions as in  F ig .  1 .  
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widely used he rb i c ide  can be ca l cu la ted  t o  be about 30 ppt  

( s igna l - to -no ise  r a t i o ,  5). 
The area o f  t h e  peak recorded w i t h  t h e  0.6 ppb spiked sur face 

water sample was 84% as compared t o  the peak area o f  a preconcen- 

t r a t e d  standard s o l u t i o n .  Since t h i s  s e n s i t i v i t y  decrease i s  

much less than t h a t  f o r  monuron and monolinuron a t  1.3 V, one may 

conclude t h a t  adsorpt ion o f  surface water components on the  

e lec t rode  sur face i s  less important a t  t h i s  lower p o t e n t i a l .  

CONCLUSIONS 

The combination o f  l i q u i d  chromatography w i t h  precolumn 

swi tch ing techniques and electrochemical  d e t e c t i o n  a t  1 . 3  V 

o f f e r s  a s e n s i t i v e  screening method f o r  phenylurea he rb i c ides  i n  

sur face water samples wi thout  extensive sample pret reatment .  I n  

a d d i t i o n ,  the method can be e a s i l y  automated as was done be- 

f o r e  (7). 
I n  p r i n c i p l e ,  a l l  ten phenylurea he rb i c ides  can be determined 

a t  sub-ppb leve ls .  With rea l  (sur face water) samples, however, 

fenuron and metoxuron are hidden beneath a steep background. This  

problem can p o s s i b l y  be solved by apply ing more s e l e c t i v e  pre- 

column techniques based on c a t i o n  exchangers (9). Moreover, 

metoxuron can be s e l e c t i v e l y  detected i n  r e a l  samples I n  t h e  

presence o f  o the r  herb ic ides a t  1.0 V w i t h  extremely h i g h  sen- 

s i t i v i t y  ( 3 0  p p t ) .  

When analyz ing a se r ies  o f  surface water samples, d e t e c t i o n  

s e n s i t i v i t y  dropped by a f a c t o r  o f  about two, due t o  contamina- 

t i o n  o f  the e lect rodes.  For tunate ly ,  however, t h i s  decrease i n  

s e n s i t i v i t y  occurred dur ing the ana lys i s  of the  f i r s t  two 

samples. Subsequently, the detector  s e n s i t i v i t y  remained essen- 

t i a l l y  constant. That i s ,  the ana lys i s  o f  se r ies  o f  samples 

i s  not  severely hindered. 
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