
Bull. Environ. Contam. Toxicol. (1990) 44:410-419 
�9 1990 Springer-Vedag New York Inc. 

E n v i r o n m e n t a l  
~ C o n t a m i n a t i o n  
| a n d  Tox ico logy  

Survey of Farm Wells for Pesticides, Ontario, Canada, 
1986 and 1987 
R. Frank, 1 H. E. Braun, 1 B. S. Clegg, 1 B. D. Ripley, 1 and R. Johnson 2 

1Agricultural Laboratory Service Branch, Ontario Ministry of Agriculture and 
Food, Guelph, Ontario NIG 2Wl, Canada and 2Ridgetown College of Agricultural 
Technology, Ontario Ministry of Agriculture and Food, Ridgetown, Ontario N0P 
2C0, Canada 

In 1983, 8,720 metric tonnes of pesticides were applied to 2.14 
million hectares of agricultural land in Ontario, Canada (Magee 
1984). Most of the pesticides, 7,200 metric tonnes (82%), were 
applied to crops or soils with water as a diluent and carrier. 
It was estimated that 400 million L of water were used to apply 
these chemicals to soils and crops. The three main sources of 
water were farm wells, farm ponds, and surface water~ (ditches 
and streams). The residues of pesticides found in surface water 
of eleven agricultLural watersheds were studied between 1975-77 
(Braun and Frank 1980, Frank 1981, Frank et al. 1978, 1982 and 
Frank and Sirons 1979) and the results indicated that spills 
contributed significantly to contaminmtion. 

A study was conducted in 1984 on wells of cash-crop farms 
located on mineral soils across Southern Ontario (Frank et al. 
1987). Water sanples were collected from 91 wells during 1984 
and analyzed for pesticide residues. Many of the ii wells 
contaminated were the result of spills that were extremely 
difficult to clean-up. 

The present study of 179 wells is an extension of the 1981-84 
study (Frank et al. 1987). The aire of the present surveys was 
to determine i) if normal field use of pesticides contaminated 
well waters, 2) if careless handling of pesticides was the main 
source of contamination, and 3) if provincial educational 
programs were reducing the incidenoe of pesticide contamiD~tion 
of well water. 

~ AND MATERIAIS 

In 1986 and 1987, 103 and 76 wells, respectively, were sani01ed 
by cooperators across Ontario. Each cooperator completed a 
questionnaire on the type of well on his home farm and listed 
the pesticides used on the farm. Representative samples of 
water from each well identified in the survey were collected 
into 4.5-L glass bottles. Water was run for a short period to 
empty the metal pipes before samples were collected over a 5 to 
I0 rein period. Sanloles were collected over two weekends, one in 
late November and the second in raid December, in both 1986 and 
1987. After collection, water samples were refrigerated until 
delivery to the laboratory within two days. Multiresidue and 
compound specific analyses were performed on the water 
within a few days of receipt. Sani01es were held at 4~ while in 
storage awaiting analysis. 
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Organochlorine (OCI) and organophosphorus insecticides (OPI): 
Water samples (1.5 L) were extracted twice with 50 mL of 
dichloromethane by shaking vigorously for 60 sec after the 
addition of 50 mL of saturated aqueous NaCl solution. The 
extracts were dried with anhydrous Na2SO 4 and evaporated just to 
dryness. The residua] material was dissolved in hexane to give 
a 500-fold concentration factor. An aliquot of 0.5 mL was 
removed for determination of organophosphorus insecticides. The 
remainder was cleaned up for determination of organochlorine 
insecticides (Mills et al. 1972). The parameters used for gas 
liquid chromatography (GLC) determinations are described by 
Frank et al. (1978, 1981) and Braun and Frank (1980). 

N-Methylcarbamate insecticides and thiocarbamate herbicides: 
Samples were acidified prior to extraction as described above 
for OCI and OPI. Compounds were determined by capillary column 
GC with nitrogen-phosphorus detection (Ripley and Braun 1983). 

Fungicides: Captan and dichloran were determined after cleanup 
and fractionation of the OCI extract described above. 
Metalaxyl, chlorothalonil and anilazine were determined in the 
carbamate procedure described above. Ethylenebisdithiocarbamate 
compounds were determined, using the CS 2 evolution technique 
(Keppel 1969, Ripley 1979). 

Acetanilide and triazine herbicides: Water samples (i.0 L) were 
adjusted to pli 9.5 with NH4OH:H20 (1:2) and ~cted twice with 
50 mL of chloroform. The extracts were dried with anhydrous 
Na2SO 4 and evaporated just to dryness. The residual material 
was dissolved in 5.0 mL of methanol. Residues were determined 
by packed column GLC with an electrolytic conductivity detector 
in the nitrogen mode (Ramsteiner et al. 1974) or by capillary 
column GC with a nitrogen-phosphorus detector. 

(2Llorphenoxy alkanoic and chlorobenzoic acid herbicides: Samples 
of water (1.5 L) were extracted and esterified according to the 
procedure of Yip (1971). GLC determinations were rmade with an 
electrolytic conductivity detector in the halogen mode or with 
an electron- capture detector (Frank and Sirons 1980; Frank et 
al. 1978). 

Bipyridylium herbicides: Sodium borohydride (50 mg) was added to 
I00 mL of water in a beaker and the contents were stirred for 30 
rein, and thereafter the procedure followed that described by 
King (1978). Determination was ruade by packed column GLC with a 
nitrogen-phosphorus detector. 

Trifluralin: Water samples (i.0 L) were adjusted to contain 5% 
NaCl, shaken well, and extracted three times with 50 mL of 
dichloromethane; the extracts were filtered through sodium 
sulfate. Hexane (20 mL) and isoctane (2 mL) were added to the 
saai01e extract and evaporated almost to dryness. Residues were 
dissolved in 5 mL of isoctane prior to analysis by capillary GC 
with a nitrogen-phosphorus detector. 
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Phenylurea herbicides: Water samples (i.0 L) were adjusted to pli 
9-10 with 10% NaOH and extracted two times with 50 mL of 
dichloromethane. Each extract was filtered through pre-washed 
cotton and evaporated just to dryness. The residual material 
was dissolved in 5 mL of hexane. Residues were determined by 
high pressure liquid chromatography (HPLC) on a silica column 
(0.26 x 25 c~) with UV detection at 254 nm (Lawrence 1976). 

Duplicate field samples and internal laboratory check samples 
were analysed at random as part of an on-going quality assurance 
program. Confirmation techniques were applied when residues 
were high enough to allow alternative procedures to be used. 
These included (i) the use of element-specific GLC detectors, 
e.g. conductivity detection in the halogen and N-selective modes 
and flame photometric detection in the P- and S-selective modes; 
(ii) the use of alternate-column GLC, i.e. using column packings 
of different polarity so that characteristic retention times 
were significantly changed, or by capillary column GC; and (iii) 
low resolution mass spectroscopy where necessary. 

Recoveries of the different chemical groups ranged from 70 to 
95% for thio- and N-methylcarbamates, phenylureas and triazines 
and 70 to 96% for organochlorine and organophosphorus 
insecticides. Data are presented uncorrected for recoveries. 
Detection limits for the pesticides tested appear in Table i. 

RESULTS AND DISCUSSION 

The 179 wells surveyed by questionnaire in 1986 and 1987 were 
located in 20 counties and 66 townships across Southern Ontario, 
an area which represents the main agricultural region of the 
province. Ahaost half the wells were located on clay type 
soils, 30% on sandy or gravelly loams and the remainder on silt 
loams (Table 2). Most wells (91%) were protected by cement or 
steel caps. Fourteen percent of the wells were located in or on 
the edge of treated fields, the remainder were located near the 
house or near the barn. Of the 41 wells used to draw water to 
spray pesticides in 1986, all except two were also used as a 
source of drinking water. In 1986 and 1987, 42 (40%) and 24 
(32%) of wells respectively were used for spraying pesticides 
and as domestic drinking water (Table 2). 

Forty nine (27%) wells were either sand points or dug and the 
remainder were drilled. Two wells were dug and subsequently 
drilled (Table 2). 

The use of pesticides on the 179 farms is recorded in Table i; 
23 farms used no pesticides, 155 used herbicides, 78 used 
insecticides, 39 used fungicides and 5 used nematocides. These 
pesticide uses involved 30 different herbicides, 28 different 
insecticides, 15 different fungicides and 2 nematocides. The 
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Table 2. Infozmation on 179 Wells Surveyed 1986-87. 

i. Soil Surface 2. Well Use I 

Clay soils 87 
Loam soils 38 
Sandy soils 54 

Pesticide spraying 66 
Human drinking water 144 
Livestock drinking I01 

139 wells used for drinking and spraying. 

3. W~] ] DescriI~Li~ 4. Pesticide use 

Sand point 1.5-7.5 m deep (6) No pesticides 23 farms 
Dug 2.4-15 m deep (43) Herbicides 155 farms 
Drilled 8.4-30 m deep (71) Insecticides 78 farms 

31-60 m deep (47) Fungicides 39 farms 
61-100 m deep (12) Nematocides 5 fatras 

number of farms using herbicides was much greater than for other 
pesticides hence four of the most widely used pesticides were 
herbicides. There were 103 farms using atrazine, 64 using 2,4- 
D, 56 using glyphosate and 52 using metribuzin. The 
insecticides with the widest use were diazinon on 28 farms, 
lindane on 27 fatras and carbaryl on 20 fatras. The fungicides 
with the widest use were captan on 17 fatras (mainly as a seed 
treatment), chlorothalonil and mancozeb each on 8 farms. 

Water Quality - Pesticides. Well waters were analysed for 25 of 
the 30 herbicides listed in Table I, 20 of the 28 insecticides 
and 2 of the 15 fungicides. The limits of detection appear in 
Table 1 for the 47 pesticides checked in the waters of the fatras 
where they were used. Triazines and aoetanilides were analysed 
in all waters and in 1986 all waters were analysed for 
organophosphorus and organochlorine insecticides. 

The results of the analyses of well waters for pesticides 
revealed that in 1986 i0 wells contained residues of pesticides 
and in 1987 the number was four. These findings appear in 
Tables 3 and 4. Atrazine and its metabolite desethyl atrazine 
appeared in nine of the i0 wells in 1986. Residues ranged from 
0.2 to 34 ug/L. In four cases the owner had used well water to 
mix and load atrazine and spray field corn, in one of these 
cases it was used in 1985 but not 1986. In these four cases the 
water could have become contaminated as a result of carelessness 
around the well. In one of these wells, a 72 m drilled well, a 
spill must have occurred to result in the high concentration of 
34 ug/L. In four cases the owner sprayed his corn with atrazine 
but did not use the well sampled for spray water yet the well 
was contaminated. This may have resulted from runoff water or 
leaching entering the well since all wells were on the edge of 
fields and residues ranged from 0.2 to 2.9 ug/L. One well was 
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contaminated and the owner had not sprayed his corn or used the 
well in 1987 but had in 1986. In this case the well was close 
to a neighbours field. The presence of lindane at very low 
levels and diazinon at 0.1 ug/L could only be traced to the use 
of seed treatments on the two fam› careless handling or 
washing equipment probably accounted for this contamination. 

In 1987 four wells were identified with herbicide residues. AIl 
four contained atrazine and three also contained metolachlor 
(Table 4). Three of the four owners used their well water to 
spray atrazine and metolachlor and contamination could have 
occurred as a result of activities around the well, the fourth 
who did not use atrazine in 1987 must have contaminated the well 
from a spill the year before. 

Table 4. l q ~ - i ~  J_,"l ~ o f  4 m l l ~  cr'~11eotEd ~ ~ y / _ E d  ~ ].987 
in ~ cf 76 mll~ (Intetim Mmxim~ i~x]sptDhle ~ far 
atrazire 60 ~yL, ~ 50 u~L). 

Well We]l 

(m) }-~mld 

Atrazir~ ~ i a . ~  (u~VL)  I ~  
f ~  use r~~tn]~oE at�9 Soil t - ~  

~cray 

~ ~ Y~ ~ 43 ~ S~l~m 

n~ m mb~ ~b ~ 0.9 1.43 s ~  

n~ 10 u~n Y~ ~ o.8 0.8 w ~ d a y  

lrilled 35 In fipld Yes 1986 bD 0.7 W ~zlay ic~m 

l~e fo~ g~m~zs u~d atrazine in 1986 OEOE 1985, all ~4~oes ~re 
l::z~m~ ss t ~  p~---~7t l ~ b i d c ~ ,  fo d~sehhyl at~ ~~s ~ in h~ 
initi~ s~oi~. 
2Fo]/c~tp 24 Fmldl 88, 55 ug/Lm~oE, 54 tDj/L atrazine (6.~ 

31~c~ II0 24 I~ 88, 3.3 tDj/L aL=tn]adqlcr, 1.2 lrj/L ~ (38%0 

In addressing the three objectives of the study it was necessary 
to include findings from the 1984 survey (Frank et al. 1987). 
Over the three surveys 270 wells were analysed and 26 were found 
to be contaminated with pesticides. The questions were: 

i. Do pesticides enter well waters from normal use? 
2. Do pesticides enter well water during loading and mixing 

operations? 
3. Have educational programs reduced the incidences of 

contamination? 

qhe s ~  of three ye~ars' data, 1984, 1986 and 1987 a p ~  in 
Table 5 along with those pesticides found in wells and the 
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number of farmsusingtheparticularcor~0ounds. Of i0 wells 
found to contain atrazine and one well withmetolachlor, the 
onlyknownmeansofentrywasthrough leachingdownthe profile 
or from surface runoffwater enteringdirectly into the well. 

Table 5. Summary of pesticides found in wells in surveys 
conducted in 1984 (Frank et al. 1987), 1986 and 1987. 

Pesticide Number of Numberof wells 
Farms contaminated 

Cause of contamination 
leaching/ spill- 
runoff mixing 

loading 

alachlor 45 1 0 1 
atrazine 172 24 i0 14 
diazinon 44 1 0 1 
dimethoate 3 1 0 1 
lindane 39 1 0 1 
metolachlor 77 3 1 2 
metribuzin 58 1 0 1 
trifluralin 45 1 0 1 

Total 271 26 i0 16 

Year 

Contamination (all pesticides) uq/L 

Number <i.0 i.i-i0 ii-i00 i01+ 

Total 

1984 91 6 2 3 1 12(13%) 
1986 103 5 4 1 0 10(9.7%) 
1987 76 1 2 0 1 4(5.3%) 

Total 271 12 8 4 2 

Eight pesticides were found in the wells where the water was 
used for spraying and they could have therefore entered as a 
result of mixing and loading. Since many of the wells were 
drilled and were as deep as 72 m this source is the most likely 
cause of contamination. The most probable leading causes were 
due to either back-siphoning, overfilling the spray tank, 
spilling of concentrate, or washing equipment too close to the 
well. The depth of the well and the concentration in the water 
virtually ruled out leaching. 

During the last three to four years Ontario Ministry of 
Agriculture and Food extension programs have stressed protection 
of farm water supplies and grant monies have been ruade available 
to assist in this protection. In 1984, 12 of 91 wells (13%) 
were contaminated whereas in 1986 and 1987 i0 wells (9.7) and 
four wells (5.3%) respectively were found to contain pesticide 
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residues. The totals of all pesticide residues per well appears 
in Table 9 and the incidences of contamination appear to have 
declined but the levels of contamination do not appear to have 
changed. 
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