
) 
t . 
t 
j 

t 
t 

i 
t 
t 

~ 

~ , 
,I 

S \o.soo 
167 / 

. -

RESIDUES OF PESTICIDES IN DUTCH GROUNDWA TER 

1P.Lagas and A.A.Cornelese 

ABSTRACT 

To assess the risk of groundwater pollution by pesticides in the Netherlands, occurrence of 
pesticides and their transfonnation products in groundwater is investigated. On agricultural land 
with potatoes, maize and flower bulbs, and also on uncropped land, filter tubes were placed for 
periodic sampling and analysis. In 1988 and 1989, 25 different organic compounds were found. 
Quality of groundwater in the Netherlands is threatened by application of pesticides. Several 
pesticide residues, especially decomposition products, are present at concentrationlevels 
exceeding the EC-directive for drinking water of 0.1 J.lg/1. 

INTRODUCTION 

Since 1988, systematic sampling of groundwater and analysis of residues of pesticides below 
agricultural land was studied. Aim of this project was to investigate if the groundwaterquality is 
threatened by chemica! compounds as a consequence of application of pesticides. In the 
Netherlands 35 shallow and 4 deep filter tubes are placed in pareels of agricultural land with 
potatoes, maize and flower bulbs and on uncropped land. This paper deals with the results of 
1988 and 1989 of this project. 

MA TERIALS AND METHOOS 

Groundwater filter tubes were placed at the following locations: 
Potato cultivation. Potatoes are grown in rotation with crops like grain, beet, grass 
and maize. In this cultivation nematicides, fungicides, herbiddes and insec9cides are 
applied. Six filter tubes are placed in moderately humic sand (US soil classification: 
Spodie Humaquept) and 11 were placed in very humic sand (Typic Haplaquod). 
Flower bulb cultivation. Bebind the dunes along the western coast of the Netherlands 
intensive flower bulb cultivation takes p1ace on low-humic sand (Typic Psammaquent) 
where nematicides, herbiddes and fungicides are applied. 
Maize cultivation. In large areas with humie-poor sandy soils in the south and the 
east of the Netherlands maize is grown continuously. Mainly herbiddes are used. 
Three filters were placed on Spodie Humaquept and four on Typic Haplaquod. 
Embankments along railroad tracks. Four filters are placed in sandy soils (Typic 
Udipsamment) where herbiddes are used to keep the railroad tracks free from weeds. 
Public gardens and paths. Two filters were placed in public gardens with a humicrich 
sandy soil profile (Plaggept) and one filter below a path with a sandy profile (Typic 
Udipsamment). 

Half of the filter tubes (Stainless steel) are placed in vulnerable soils (Spodic Humaquept, Typic 
Psammaquent and Typic Udipsamment) and half are placed below less vulnerable soils (Typic 
Udipsamment and Plaggept). The users of the sites are interviewed about pesticide application 
in the last few years. 
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RESUL TS AND DISCUSSION 

Results of pesticide residues found in grondwater are given by Lagas et al. (1989, 1990). 
Totally 25 organic compounds were found in the samples that were analysed in 1989 and 1990 
(see Fig. 1). These 25 organic compounds are the result of application of 15 pesticides; 4 
pesticides did not leave any detectable residue behind in groundwater. Except one compound all 
the maximum concentrations were higher than the EC-directive of 0.1 ~g/1. The maximum 
concentrations of the organic compounds which were found in the Dutch groundwater are given 
in Fig. 1, where the concentra ti ons are plot on a logarithmic scale. Not only the pestleides itself 
are found but also other chemica! compounds like actmixtures and decomposition products 
appeared to be present in the groundwater samples. 
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Maxtmum concentrattons of pesticide restdues analysed tn 1989 and 1990 in 
Dutch groundwater filters below land where the pesticides were applied. 

The most important admixture is 1,2-DCPa (1,2-dichloropropane), while also 1,3-DCPa and 
1,2,3-TCPa (1,2,3-trichloropropane) are found below agricultural land where 1,3-DCPe (1,3-
dichloropropene) is applied for desinfection of the soil. Before 1984 formulations of DCPe 
contained up to 34% 1,2-DCPa. Although since 1984 the max. content of actmixtures is 0.5% 
still high concentrations of up to 200 ~g/1 are found in groundwater at a depth of 5 m. At 
higher groundwater levels lower concentrations are found. 
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decomposition products 
Figure 1 shows that the 
concentration of decom
position products of pes
tleides are generally higher 
than from the mother 
compounds itself. From 
atrazine three decomposi
tion products are found: 
DE-atrazine, DIP-atrazine 
and DEDIP-atrazine (see 
Fig. 2). Notice that decom
position products are more 
polar than the mother 
compound because ethyl
and isopropyl- groups are 
substituted by hydrogen 
atoms and consequently 
aminegroups are formed. 

169 

DECOtlPOSITION OF ATRAZINE 

Cl CD 
/J, ----

1 0 I 

I I 
c c 
/' /' Hl I I! 

I I 
CH2 KC - CH 3 
I I 

CH 3 CH 3 

A TRAZIN 

Cl 
I 

c 
/"-

1 0 I 
I I 
c c 
/' /"-

lH 2 I IK 
I 

HC-CH3 ~ I 
CH 3 

DESETHYLATRAZIN c11 

(DE-ATRAZIN) /c, 

Cl 
I 
c 

I 0 I 
I I 
c c 

/ '/"-
~ K2 1 I IK 2 

~ DESISOPROPYL-

Sorption of this more polar HYDROLYSE 
compounds is less strong 

/"-
1 0 I 

I I 
c c 
/' /"-

HH I lH 2 

DESETHYLATRAZIN 
(DEDIP-ATRAZIN) 

than for atrazine and con-
sequently higher concentra-
tions are found in ground-
water. Because of the same 
theory ETU which is a 
rather polar decomposition 
product of the fungicides OH 

I 
c 

/"-
1 0 I 
I I 
c c 
/' /' 

Hl I lH 
I I ?2 Hf - CH3 

CH 3 CH 3 

2-HYDROXY ATRAZIN 

I 
CH 2 
I 

CH 3 

DESISOPROPYLATRAZIN 
(DIP-ATRAZIN) 

DE-HYDROXY ATRAZIN 
DIP-HYDROXY ATRAZIN 
DEDIP-HYDROXY ATRAZIN 

ondersoek 11 dun.!! 

maneb, zineb and man
cozeb is found in the 
upper groundwater below 
flower bulb cultured land 
where average concentra
tions of 6 ~gil are measu
red. BAM is a decomposi
tion product of dichlobenil, 
a herbicide which is ap- Figure 2· 
plied in pubtic gardens and 

Scheme of decomposition routes of atrazine in 
groundwater. Route 1 and 2 are dealkylation 
reactions and route 3 is a hydrolysis reaction. that was found in 

groundwater with a max. 
concentration of 180 ~gil. 
Aldicarbsulfon and aldicarbsulfoxide are decomposition products of the nematicide aldicarb 
which was applied on potato cultured land. These compounds were found up to a depth of 5 m 
below soil surface. 

CONCLUSIONS 

Quality of groundwater in the Netherlands is threatened by application of pesticides. Several 
pesticide residues are found at concentration levels exceeding the EC-directive for drinking water 
of 0.1 ~gil. Quality of groundwater is particularly threatened by decomposition products of 
pesticides. These compounds are generally more polar than the mother compound and are 
consequently more mobile in soil and groundwater. 
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