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Propyzamide [3,5-dichloro-N-( l , l -dimethyl-2-propynyl)benzami- 
de] is a useful and effect ive herbicide which is widely used 
for weed control in the cultures of let tuce, endive, w i t loo f ,  
scorzonera, and a l fa l fa .  As witn most pest lc ides, propyzamide 
possesses properties which make i t  necessary to establ ish ru- 
les for  i t s  safe use. 

Propyzamide has some carcinogenicity (Reuber 1980); tnat act i -  
v i ty  would correspond to the inact ivat ion of hepatic cyto- 
chrome P-450 in animals (Montellano and Kunze 1980). Fol lo- 
wing dietary administration of propyzamide to a lactat ing cow, 
about 5% of the administered dose was detected in the milk 
(St John and Lisk 1975). To reduce these r isks,  the lettuce 
tolerance for  the combined residues of propyzamide and i ts  me- 
tabol i tes has been reduced to i ppm in most of the countries 
(USEPA 1983). 

winter crops, planted in the year of herbicide application to 
the preceding crop, were especial ly sensit ive to herbicide 
residues; winter wheat and barley, grasses, spring cereals 
and other crops were injured by resldues of propyzamide 
(Eagle 1981). 

The h a l f - l i f e  of propyzamide in d i f fe rent  soi ls  has been mea- 
sured in laboratory experiments; thus in the absence of any 
crop cul ture;  i t  varied from I0 to 40 days at 25vC, and from 
60 to 120 days at 15~ 

I t  is Known that cu l t ivat ion changes the persistence and pny_ 
to tox ic i t y  of propyzamide residues (Hance et al .  1978). 

L i t t l e  has been published about the concentrations o? propyza- 
mide and of i t s  i n i t i a l  ketone metabolite [3,5-dicnloro-N- 
( l , l -dimethylacetonyl)-benzamide] in the soi l  of lettuce cul- 
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ture. In the present study, we measured these concentrations 
in lettuce cultures grown in two culture regions having com- 
pletely different soil types. Simultaneous|y, we measured the 
concentrations of the herbicide chlorpropham O-methylethyl 
(3-chlorophenyl) carbamate ] and of i ts  metabolite 3-chloro- 
-anil ine. Chlorpropham is widely used in the commercial cul- 
ture of lettuce, wit loof, scorzonera, spinach, carrot, bean, 
strawberry, and alfalfa. 

MATERIALS AND METHODS 

Cultures made in St. Kathelijne-Waver. The lettuce culture was 
made at the Research Station for Vegetables, St. Kathelijne- 
-Waver, Belgium. The lettuce (Reskia variety) was sown in a 
greenhouse, and they were transplanted in the f ield when they 
had about six leaves. The space between the lettuce plants 
was 30x30 cm. The plots were of the same soil type and had a 
common agricultural history. Soil analysis indicated pH 5.6, 
72.3% sand, 22.3% s i l t ,  5.4% clay, loamy sand classif icetion, 
and 3.0% organic matter. All experiments were arranged in a 
randomized block design. There were four plots (four replica- 
tions) for each of the treatments. The size ot each plot was 
1.3xlO.O m. 

Only one herbicide was applied to each plot. For each herbici- 
de treatment, an overall surface spray with an aqueous emul- 
sion of tne herbicide was made on the f inely granulated soi l ,  
just before,planting of the lettuce plants; the soil then was 
raked so that the herbicide was incorporated to a depth of 
about 6 cm. The treatment was made with one of the following 
two herbicides. Kerb 50 (formulation containing 50 g% of pro- 
pyzamide) was used at the dose of 20 g of Kerb 50/are (are= 
lO0 square meters); CIPC (formulation containing 400 g of chlor- 
propham/L) was used at the dose of 40 mL of CIPC/are. Three 
lettuce cultures were made successively, the same treatment 
being repeated on the same plot. For the f i r s t  one, the herbl- 
cide treatment and the planting of the lettuce in the f ie ld 
were made on April l ,  1985. The lettuce was harvested on May 
31, 1985, when they had a mean unitary weight of about 400 g. 
The cultures were repeated two times on the same plots. A 
third lettuce culture and treatment was repeated on the same 
plots. The harvested lettuce from each plot were healthy. 

Culture made in Louvain-la-Neuve. The lettuce culture was made 
in an experimental f ie ld at Louvain-la-Neuve, Belgium. Soil 
analysis indicated pH 6.1, 4.9% sand, 70.1% s i l t ,  25.0~ clay, 
s i l t  loam classif ication and 2.2% organic matter. The culture 
was made exactly in the same way as in St. Kathelljne-Waver. 
However, only one culture (crop) was made, and only the herbi- 
cide Kerb 50 was assayed. 

Soil sampling was made by using a bore auger. Samples were taken 
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at depth of 0-6, 7-15 and 16-30 cm. 

Soil (I00 g} and acetone (200 mL) in an 500 mL Erlenmeyer f lask 
were magnetic s t i r red during 30 min. The extract was f i l t e red .  
The solid residue was extracted again during 30 min with 
acetone+water I+I (200 mL). The mixture was centrifugated at 
6000 rpm. The supernatant ano extract were combined and con- 
centrated to about 80 mL wlth a vacuum rotary evaporator at 
35~C. The aqueous solution was extracted three times with 
3x200 mL of dichloromethane. The volume of combined dichloro- 
metnane extracts was reduced to ca. 2 mL. The concentrate was 
applied as a l ine on a t . l . c ,  plate (DC-Plastikfolien Kiesel- 
gel 60 F~ 4 20x20 cm, 0.2 mm th ick,  Merck). For the samples 
from s o i ~  treated with propyzamide, elut ion with benzene+ 
acetone 95+5,v/v gave a band (Rf=O.65) containing propyzamide, 
and a band containing the ketone metabolite (Rf=O.43). For the 
samples from soi ls treated with chlorpropham, the same t . l . c .  
gave a band containing chlorpropham at Rf=O.32. The bands 
were scraped separately and extracted with acetone. The extracts 
were concentrated by using a stream of nitrogen and t . i . c .  
again in the same way as the f l r s t  time. The f inal  extract 
was concentrated to dryness with a stream of nltrogen, and 
the resiOue was dissolved in 0.I  mL of chloroform, of which 
0.I jUL was injected in a gas chromatograph wnich was equipped 
with a flame ionization detector and with an electron capture 
detector, both being used a l ternat ive ly .  Glass column of 2 m 
x2 mm i .d .  packed with 5% SE 30 on 80-100 mesh Gas Chrom ~. 
The in le t  was 250~ The column oven temperature was programmed 
from 130 to 170~ at 8~ Retention times were 5.4 min for 
propyzamide, 8.2 mln for propyzamide ketone metabolite and 
3.3 min for chlorpropham. Quantitation was made by using stan- 
dard solutions of each of the three compounds. Recoveries of 
propyzamide, ketone metabolite and cnlorpropham in soil at the 
0.I ppm level were 81-92, 88-I03 and 79-96% respectively. The 
l im i t  concentration detected in soil was 0.01 ppm for the three 
compounds. 

3-Cnloro-aniline present as such in the soil was bound to i t  
so that acetone and acetone+water did not extract any 3-chloro- 
-ani l ine.  After extract ion of the soil with both these solvents 
which took of f  chlorpropnam, the extracted soil was heated with 
50 g~ NaOH in water, 3-chloro-ani l ine being extracted in th is  
way ana measured af ter  pur i f icat ion and der ivat izat ion.  

The acetone extracted soil was heated to ref lux during 3 hr with 
50 mL of a 50 g% solution of NaOH in water and 1.5 mL of l-buta- 
nol as antifoam. The cooled mixture was centrifugated. The su- 
pernatant was extracted three times with 3x50 mL of benzene. 
The benzene extract was extracted two times with successively 
lO0 and 50 mL of 1.2 N HCI. The aqueous extracts were gathered 
and 30 mL of 50 g% NaOH in water were added. The aqueous solu- 
t ion was extracted two times successively with 150 mL and 50 mL 
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of benzene. 3-Chloro-aniJine in this extract was derivatized 
by acetylation. The benzene extract plus 3.5 mL of acetic 
anhydride was heated to reflux during 30 min, with a calcium 
chloride protecting tube. The cooled mixture was washed with 
30 ml of lO g% aqueous NazCO 3. The benzene solution was concen- 
trated successively to 40 mL at 30~ in a vacuum rotary evapo- 
rator, and to 0.5 mL by a slow stream of nitrogen. I t  was app- 
lied as a band onto a si l ica gel t . l . c ,  plate, standard of 
3-chloro-acetanilide being applied on a part of the t . l . c .  
plate. Benzene+ethyl acetate 65+50,v/v (Rf of 3-chloro-acetani- 
lide =0.67) was the eluting solvent. The ~and corresponding 
to 3-chIoro-acetanilide was separated, extracted with ethyl 
acetate, the extract was concentrated and analyzed by g. l .c .  
in the same way as chlorpropham except that the column oven 
temperature was 160~ and the retention time for 3-chloro- 
-acetanilide was 3.7 m~n. In several cases, the final extract 
was analyzed further by mass spectrometry. Moreover, in several 
cases an aliquot of the flnal benzene extract was derlvatized 
using 4-bromo-benzoylchioride, whlch transformed 3-chloro-ani- 
line into 4-bromo-N(3-chlorophenyl) benzamide. In this way, 
3-chloro-aniline present as such in the soil was measured 
simultaneously as two different derivatives usinq both g. l .c .  
and mass spectrometry. Recovery at the O.l ppm level in soil 
and in lettuce for 3-chloro-aniline Were 75-89 and 79-92% 
respectively. The l imi t  of sensit ivi ty was O.Ol ppm. Lettuce 
samples were analyzed in the same way as the soil ones. 

RESULTS AND DISCUSSION 

Almost all of the residues in propyza~mide-treated soils were 
present in the 0-6 cm soil layer (Tables l and 2). Thus, pro- 
pyzamide and i ts ketone metabolite were poorly transferred to 
depths lower than 6 cm in the time period of this study. This 
is consistent with the low solubi l i ty of propyzamide in water 
(15 mg/L). However, transfer was sl lght ly higher in St. Kathe- 
lijne-Waver than in Louvain-la-Neuve. 

The soil concentrations of propyzamide and of the ketone meta- 
bolite were somewhat higher in the second and third cultures 
(crop) than in the f i r s t  one. This suggest that there 
is some accumulation of the residues in the soil after succes- 
sive cultures and treatments. 

At lettuce harvest, the concentrations of propyzamide and of 
i ts ketone metabolite were rather high in the soi l ;  they were 
higher in the soil of St. Kathelijne-Waver than in the one of 
Louvain-ia-Neu.ve. The hal$-l i fe of propyzamide in the soil of 
St. Kathelijne-Waver was of 38-40 days, and in the one of Lou- 
vain-la-Neuve of 9 days. The herbicidal efficacy of propyzamide, 
qualitatively evaluated by the amount of weeds during culture, 
was rather similar in both locations. 
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Table I. Soil and lettuce concentrations of propyzamide and of 
i ts ketone metabolite in lettuce cultures made in St. Kathelij- 
ne-Waver; both compounds were detected only in the 0-6 cm soil 

Lsurface layer. 
Sampling date,day- 
.-month~ 1985 
I .  First culture: I. 

20-3 a 
1-4 b 

15-4 

15-5 

31-5 c 
1.2. 

I 
2. Second culture: 2.1. 

25-6 a 
28-6 b 

12-7 
2_8 c 

2.2. 

3. Third culture: 3.1 

12-8 a 

13-8 b 

5-9 
24-g c 

Propyzamide d 

�9 Soil 

<O.Ol 

0.82 a 
0.64 b 

0.40 c 

0.23 d 
Lettuce 
0.21 
Soil 

O. 04 a 

O. 95 b 

0.73 c 

0.51 d 
Lettuce 
0.27 

Soil 

0.06 a 

0.89 b 

0.75 c 

0.65 d 
3.2. Lettuce 

I 0.32 

aBefore treatment+plantation. 

bjust after treatment+plantation. 

CLettuce harvest. 

I Ket~ d 

<0.01 

0.09 a 
0.16 b 

0.27 c 

0.34 d 

I o.19 

0.06 a 
0.13 b 

0.20 c 

0.26 d 

i 0.14 

O. 08 a 

0.18 b 

0.27 c 

0.39 d 

I 0.27 

dppm of product relative to the dry weight of soil or the fresh 
weight of lettuce. Data are the means of 4 replications. Means 
within the column -relative to the same culture- followed by the 
same let ter  are not signif icantly different at the 5% level u- 
sing Duncan's multiple range test. 

In the harvested lettuce, the concentrations of propyzamide 
and of i ts ketone metabolite were somewhat higher in Louvain- 
-la-Neuve than in St. Kathelijne-Waver, opposite of the con- 
centrations in the soils of both locations. 
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Table 2. Soil and lettuce concentrations of propyzamide and of 
i ts ketone metabolite in the lettuce culture made in Louvain- 
-la-Neuve; both compounds were detected only in the 0-6 cm soil 
layer. 
Sampling date, day- I Pr~ 
.-month~ 1985 
I. Soil 

19-6 a 
21-6 b 

I-7 

l l -7 
1-8 c 

]4-8 

2. Lettuce 

a-dAs in Table I. 

<0.0l 

0.77 a 
0.35 b 

0.16 c 

0.09 d 

0.05 e 

0.35 

I Ketone d 

<0.0l 

O. 08 a 

0.09 a 
O.ll b 

0.14 c 

0.13 b,c 

0.24 

The differences observed between St. Kathelijne-Waver and 
Louvain-la-Neuve, as to their soil and lettuce concentrations 
in propyzamide and in its Ketone metabolite, probably is rela- 
ted to the different soil types. I t  is Known that soil type 
influences the fate of pesticldes in soil (Copin et al. 1984). 

The rate of disappearance of chlorpropham in soil was much 
higher (hal f - l i fe  = 14-17 days) than that of propyzamide 
(Table 3). Transfer in soil of chlorpropham was higher than 
that of propyzamide. This corresponds to the solubil i ty in wa- 
ter of chlorpropham (89 mg/L) which is higher than that of pro- 
pyzamide (15 mg/LJ. As with propyzamide, there was some accu- 
mulation of chlorpropham in soil after repeated treatments. 
That accumulation was not observed for 3-chloro-aniline, the 
metabolite of chlorpropham. 
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Table 3. Soil and lettuce concentrations of chlorpropham and of 
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Sampling I Soil depth I date,day- 0-6 cm 
-month 1985 Chlorpro- 3-Chloro-a- 

pham d niline d 
' I .  First culture: l . l .  Soil 

20-3 a 
I -4  b 
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15-5 

31-5 c 

(O.Ol 

1.75 a 

0.72 b 

0.17 c 

0.12 d 

<0.01 
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0.92 b 

1.03 b 

0.95 b 
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J 0.13 I 0.14 
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0.21 b 
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1.09 d 
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I 0.22 I 
3. Third cu l ture:  3.1. Soil 

12-8 a Z.O .01 

13-8 b 1.98 a 

5-9 0.42 b 

24-9 c 0.26 c 

I 
a-dAs in Table 

0.19 

0.13 a 

0.22 b 

1.04 c 

0.99 c 
3.2. Lettuce 

o.21 I o . 2 3  
1. 

7-15 cm 
Chlorpro- [3-Chloro-a- 
pham d n i l i n e  d 

<0.01 

~0.01 

0.07 a 

0.12 b 

0.09 a 

~0.01 
40.01 

0.02 a 

<0.01 

0.02 a 

0.02 a 

0.01 a 

0.08 b 

0.04 c 

0.12 a 

0.I0 a 
0.05 b 
0.04 b 

<0.01 

<0.01 

O. 04 a 

0.03 a 

0.13 a 

0.12 a 

0.13 a 
0.09 b 
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