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EXECUTI VE SUMVARY

This study is the first stage of an investigation into the
seasonality in the quality of well water on farnms in Southern
Ontario, and the health of farmfamlies drinking water contam nated
wi th bacteria used as indicators of faecal contam nation.

A sub-set of the wells investigated in 1991-1992 during the
Ontario Farm G oundwater Quality Survey was sel ected for the study.
About 180 wells were screened and the farm famlies invited to
participate in the study. Water quality was neasured on up to 188
farns in February and March 1994. The epi dem ol ogy associated with
wat er quality was investigated on 157 of the farns.

The aspects of water quality investigated were nitrate, total
coliform and Escherichia <coli bacteria, six pesticides (al
her bi ci des or their breakdown products).

No clear indication was found of seasonality in nitrate
concentrations, although a peak was found in March, it appears
likely that this was due to a problemin the anal ysis.

Where present, the concentration of atrazine, netol achlor,
metri buzin, and cyanazine in the well water were all snmaller in 1994
than in 1992. However, in March 1994 there was a sharp increase in
the nunber of wells in which D-ethyl atrazine was detected,
suggesting that the snow nelt-water may have | eached the nateri al
fromthe soil.

The bacterial contam nation showed considerable variation
Based on the results of the Ontario Farm G oundwater Quality Survey,
at least half the wells were expected to exceed the Ontario
drinking water Cbjectives. |In the event the values were closer to
one third. Tenperature could well have been an inportant factor in
reduci ng the | evel of contam nation.

The results fromthe bacteriol ogi cal studies confirned that the
pl ate counts conforned to a Poisson distribution, and therfore the
error on the count can be obtained from standard tables. It was
al so shown that running the tap for a | onger period did not have any
inpact on the quality of the water, so that contam nation was
unlikely to be due to col oni zation of the water during the residence
time in the pipework. The continuity of contam nation by bacteri al
colonies was found to be relatively short, probably close to two
mont hs. However, it appears that many wells remain conpletely free
of bacteria. The reasons for the difference between wells that have
sone bacteria present, and those that never becone infected need
further investigation.
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Epi dem ol ogy of Drinking Contam nated Well Water

The results from the epidem ol ogy study should be treated as
extrenely prelimnary. The average preval ence of diarrhoea was 26%
Early indications suggest that the inpact of poor quality water, as
defined by the presence of indicators of pathogenic organisns, is
not to increase the incidence of acute gastro-intestinal episodes
but prolongs the duration of the event. There was an indication of
an interaction between bacteria and nitrate in prol ongi ng the nunber
of days that people report having diarrhoea. The results fromthe
full epidem ol ogy study may enable this result to be verified. |If
verified it would need further study to understand the causes and
conseguences.
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BACKGROUND

In 1991-92 Agriculture Canada sponsored a major survey of
groundwater quality in Ontario "The Ontari o Farm G oundwater Quality
Survey" (Rudol ph and Goss, 1993). The first sanpling programre for
the survey, sponsored wunder the Environnental Sustainability
Initiative, was designed to evaluate the rural groundwater
conditions in Ontario at a provincial scale. This objective was
approached through a single sanpling of farmwells, and by sanpling
a limted nunber of wells specially installed in fields and
woodl ots. The sanpling progranme was carried out in winter 1991/92.
Confirmation of the results and clarification of certain concl usions
was sought in a second sanpling carried out in July 1992 under the
Land Managenent Adj ustnent Program

Results fromthe first sanpling highlighted the contam nation
of wells by bacteria conmmonly associated with faeces. Mre than 30%
of farmwells contained coliformbacteria in excess of the [imt of
5 col onies per 100 nL specified in Ontario drinking water objectives
(MOE, 1992), and 20% contained faecal coliforns. Nitrate
contam nation was also found in 13% of wells. Pesticides were not
maj or contam nants, and there was no contam nation by petrol eum
derivatives due to on-farmstorage. Sone contam nation appeared to
have its origin in feedlots, and in nmanure storage systens.

The second sanpling showed a 6% increase in the average
(geonetric nmean) concentration of nitrate in wells in the province.
The general frequency of contamnants (nitrate and bacteria), showed
a smll rise. There was a close correlation between the
concentration of nitrate in the first round of sanpling, and that
in the second round, consistent with there being a stabl e popul ation
of contam nated wells. This close correlation did not occur for
bacteria, even though the proportion of wells contam nated did not
change greatly between sanpling occasions. These results
hi ghl i ghted the much nore dynam c nature of mcrobial contam nation
conpared to nitrate contam nation.

The study highlighted the need for further investigations into
the seasonal variability in the contamnation of wells for nitrate,
bacteria and pesticides. Furthernore, the long-termtrend in the
| evel of contamnation needs to be determned for these
cont am nants.

Underlying any programme on groundwater quality is the
assunption that there is a significant health risk associated with
dri nking contam nated water. There are diseases known to be
transm ssible by water in Ontario. These include giardiasis (caused
by the protozoan parasite G ardia |lanblia), canmpyl obacterosis, and
sal nonel |l osis (caused by the bacteria Canpyl obacter and Sal nonel | a,
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respectively). All three are intestinal illnesses characterized
primarily by diarrhoea (Benenson, 1990). They are also the three
nmost frequently diagnosed reportable diseases in the Province
(Ontario Mnistry of Health, 1991). Recent studies from Canada and
the United States have denonstrated a significant association
bet ween gi ardi asis and the consunption of water from shall ow rural
wells (lsaac-Renton and Philion, 1992; Chute, Smth and Baron,
1987). To date however, there have been only limted investigations
into the health effects of the consunption of mcrobiologically
contam nated well water in Ontario (Chow et al., 1993).
Consequently, studies of well water quality need to be augnented
with a detail ed epi dem ol ogi cal investigation to identify the health
risks fromthe levels of contam nation current in groundwater.

This study began an investigation of the seasonality in the
quality of well water on farns in Southern Ontario, and the health
of farmfamlies drinking water contam nated with bacteria used as
i ndi cators of faecal contam nation
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METHODOLOGY

1. Sel ection of Wlls

From an analysis of a study of water-related disease in
Montreal (Paynent et al.,1993), it was evident that about 80 wells
were required in the test and control groups to establish
significance of any differences in health. |In each group half were
required to have a significant concentration of nitrate to provide
background information on any interaction between nitrate
concentration and bacterial contam nation on health. As sanpl es
needed to be submtted to the Mnistry of Health within 24 h for
bacteri ol ogi cal assay, wells were selected within a radi us of 250 km
of Guelph. Wells were identified fromthe Ontari o Farm G oundwat er
Quality Survey that were wthin an area defined by the maximm
di stance criterion.

Wells that were contamnated with indicator bacteria (total
count of coliform bacteria exceeding 5 colonies per 100 nL, or at
| east 1 faecal coliformcolony per 100 nL) on both previ ous dates of
sanpling, and were contamnated with nitrate, were |east in nunber.
To ensure a total of 80 wells, this group was augnented with wells
that were contamnated with bacteria on one of the two previous
dates of sanpling, and wth wells wth an average nitrate
concentration between 5 and 10 ng N L' on the two previous dates of
sanpl i ng. The group contam nated with bacteria but not nitrate
al so needed to be fornmed from wells that were contam nated with
bacteria on one date of sanpling, and had sonme coliform bacteria
present on the other date. The average nitrate concentration over
the two dates of sanpling were less than 5 ng N L. The
uncontam nated group selected had no previous contamnation wth
bacteria, and the average nitrate concentration did not exceeded 5
ng N L' The renmaining group were uncontam nated with bacteria but
had high nitrate defined by the average concentration on the
precedi ng sanpling dates being greater than 5 ng N L%

Atotal of 475 wells was selected in this way, and all the farm
famlies were contacted by letter to seek their agreenent for
participation in the study. Each household was then contacted by
t el ephone to obtain verbal agreenment of participation. Potentia
participants were questioned about the source of their drinking
water, the use of filters and other devices for changing water
quality. As a result of this direct contact a final group of 190
wells were selected. Final selection of the participants foll owed
site visits, and the logistics of sanpling the well water was the
mai n reason for exclusion fromthe study |ist.
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2. Data Coll ection

Well water quality

By prior arrangenent each farm was visited twice during the
first period of study. The first visit took place between 1
February and 15 February 1994, and was chosen to be representative
of winter conditions. The second visit took place between 21 March
and 30 March 1994, a period chosen to be representative of
conditions during the main spring thaw A visit was also nade
between 13 and 29 June 1994, as part of the programre supported by
Heal t h Canada. On each occasi on separate sanples of well water were
collected for analysis of Dbacteria, nitrate and pesticide
concentrations.

Pesticide sanples were collected in 1-L anber glass bottles,
nitrate sanples in 20 nL polyethylene vials, and bacteriol ogica
sanples in a 250 nL plastic, sterile, screw capped bacteri ol ogi cal
bottle that contained a preservative (sodium thiosul phate). Care
was taken not to touch the inside of the cap or the neck of
bact eri ol ogi cal sanples to avoid contam nation. Sanples were stored
in the dark at 5EC. Bacteriol ogical sanples were anal yzed within 24
hours at the Mnistry of Health Palnerston |aboratory, and the
results miiled to The Centre For Land and Water Stewardship,
Uni versity of Cuel ph.

Nitrate-N

The nitrate-nitrogen (nitrate-N) content of the well water was
anal yzed at the Anal ytical Services Laboratory, Departnent of Land
Resource Sci ence, University of Guel ph. A TRAACS-800 auto-anal yzer
was used to nmeasure the nitrate-N content colorinmetrically after
reduction to nitrite, using a copper-cadm um colum, and formation
of an azo dye using N 1-naphthylethylene diamne. The |imt of
detection for nitrate was 0.02 ng N L%

Bacteri a

Bact eri ol ogi cal sanples were sent to the Pal merston Laboratory
of the Ontario Mnistry of Health. Al sanples were tested for
total colifornms and Escherichia coli. Results were reported as
col oni es per 100 ni.

Total coliforns are oxi dase negative, gramnegative, non-spore-
formng, facultatively anaerobic, rod-shaped bacteria capable of
fermenting |lactose with the production of acid and gas within 48 h
when incubated at 35 = 0.2EC. Wen incubated on m Endo- LES agar
coliform colonies develop a characteristic netallic green sheen
inparted by reaction between their netabolic byproducts and
conponents in the agar. The fornulation for the agar used for tota
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coliform is given in Appendix B. Each water sanple was drawn
t hrough a cellul ose-acetate nenbrane filter having a 0.45 um pore
size. The filter was then placed on an m Endo-LES agar plate and
i ncubated at 35 = 0. 2EC for 22+2 h.

E. coli were identified follow ng seeding onto an m FC agar
plate in which 4-nethyl-unbelliferyl-a-d-glucuronide replaced
ani line blue dye and rosolic acid. Colonies which fluoresced under
U light were counted as E. coli

Pesti ci des (Herbicides)

Each water sanple was analyzed for Al achlor, WMetolachlor,
Atrazine, D-ethyl atrazine, Mtribuzin, and Cyanazi ne

Initially, a 100 nL aliquot of each sanple was anal yzed using
a solid phase extraction technique. Resi dues of herbicides were
detected by capillary gas chromatography using nitrogen selective
detectors. Any sanples found to be positive or those that showed
any remarkabl e characteristics were repeated using another 100 niL
al i quot . Quantification was done using fortified sanples run in
conjunction with actual sanples. The confirmed positive sanples
were then anal yzed by current liquid-liquid extraction procedures.
Al sanmples were al so investigated by an enzyne |inked i nmunoassay
system (ELISA) for the presence or absence of the herbicide
atrazine. The test was sensitive and specific for only atrazi ne and
was used to identify sanpl es needing confirmati on of the presence of
t he herbi ci de.

Reporting Procedures

When a problem |l evel of bacteria, nitrate, or pesticide was
detected in a sanple, the cooperating |andower was pronptly
contacted. The | andowner was advi sed to request assistance fromthe
| ocal Board of Health or the Ontario Mnistry of the Environnent for
interpretation and renedial suggestions. An individual water
anal ysis report was nmailed to each cooperator.

Health of farmfamlies

Bookl et s were devel oped that contained two-week health record
sheets for each famly nmenber in the study. Sufficient sheets were
prepared to cover the twel ve nonth study period. Each booklet gives
exanpl es of health events that need to be recorded. Each househol d
was contacted nonthly by tel ephone to obtain information fromthe
forms, and to ensure continued participation in the study.
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Al'l records on water quality, nodifications to the water supply
system and the geographic |ocation of wells have been entered into
a data base, conpatible wth that established for the Ontario Farm
G oundwater Quality Survey. A second data base was prepared to hold
the health information.

Statistical Treatnent of the Results

The percentage of contam nated wells in each category (eg. well
construction type and depth, well age, hydrologic group) was
determned arithnetically, and then a 95%confi dence interval (C1.)
was cal cul ated for each percentage contam nation figure by assum ng
a binomal distribution. The equation used to calculate a 95% C. |
for percentage of contam nated wells is:

P(100 & P)

95%C. 1. * iZJ
n

wher e:
percentage of contam nated wells
total nunber of wells in a category

The confidence intervals were used to help asses whether
differences in percentage of wells contam nated were real or due to
a chance selection of wells. A difference between two val ues of
percent wells contamnated was considered real (statistically
significant) if the values = their 95% C. 1. did not overlap each
ot her .
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RESULTS

1. Well depth

The well selection process concentrated on the water quality,
and the logistics of collecting sanples and epidem ol ogy
information. The Ontario Farm G oundwater Quality Survey found that
an inportant facet of water quality was well depth. The selected
wel l's showed a binodal disribution of depths Fig.1l). There were
simlar nunbers of wells in categories less than 100 feet deep, and
nore than 200 feet deep. There were few wells between 140 and 180
feet deep. Nonetheless, the selected wells showed a satisfactory
range of depths.
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Figure 1. Distribution of wells selected for
wat er quality and epi dem ol ogy investigation.
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2. Wll water quality

Bacteri al Contam nation

Coliform Bacteria

During the Ontario Farm Groundwater Quality Survey, 85 of the
wells selected for prelimnary investigations showed the presence of
coliform bacteria >5 colonies per 100 ni. Over the period from
winter 1991-2 to June 1994, 104 of the 188 wells tested have
contained coliformbacteria >5 colonies per 100 nL. However, when
well's were sanpled in February 1994, only 34 wells (less than half
of the wells selected because of previous bacterial contam nation)
had >5 coliformcolonies per 100 nL (Table 1). The nunber of wells
contamnated with coliform bacteria remined constant between
February and March, but increased to 57 wells in June 1994. The
June value was equivalent to 30.5% of wells sanpled being
contam nated conpared with a value of 42.4%found in the sumrer of
1992 (Table 2). O the wells having fewer than five col oni es per
100 nmL, at |east 75% showed no coliform bacteri a.

These results indicated that the contam nation with coliform

bacteria was not continuous. This was investigated further by
determ ning the percentage of wells that were contam nated on each
occasion of neasurenent (Table 3). Nearly 30% of wells were

contam nated in both the winter of 1991-2 and in the sunmer of 1992.
About 10% of wells were contam nated in both February and March or
in both March and June, but less than 5% were contam nated in al

t hree nonths. Only 2.9% of wells were contam nated on all five
occasions. Although a snmaller proportion of wells was contam nated
in June 1994 conpared with the Sunmer of 1992, the 12% difference
does not of itself explain the marked reduction in continuously
contam nated wells. A larger nunber of wells, 59 (31.4%of wells),
showed no col onies of coliformbacteria on any occasi on

Escherichia coli contam nation

In the winter sanpling for the Ontario Farm G oundwater Quality
Survey, nore of the wells were tested for faecal coliformbacteria
than for E. coli (Table 4), but a simlar proportion of wells tested
showed contam nation (Table 5). The proportion of wells show ng
contam nation on the 3 sanpling occasions of 1994 was nuch | ess than
in the winter of 1991-2 and sunmer of 1992 (Table 5). As found for
the coliform bacteria, the continuity of contam nation was of
relatively short duration, with no well being contam nated on each
of the 5 occasions, and less than 1% of all wells (6% of wells
contam nated in June) being contam nated on each occasion of 1994
(Tabl e 6).
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Table 1. Contam nation of 188 test wells with coliformbacteria from
the winter of 1991-92 to June 1994.

Val ues are Nunbers of wells:

Test W nt er Summer February Mar ch June
1991-2 1992 1994 1994 1994
Zero 84 81 118 115 97
<5 112 99 142 145 130
>5 60 73 34 35 57
Not 16 16 12 8 1
tested
Tot al 172 172 176 180 187
tested

Table 2. Contamination of 188 test wells with coliformbacteria from
Val ues are Percentages of

the w nter

of 1991-92 to June 1994.

tested wells:

Test W nt er Summer February | March June
1991-2 1992 1994 1994 1994
Zero 48. 8 47.1 67.0 63.9 51.9
<5 65. 1 57.6 80.7 80. 6 69. 5
>5 34.9 42. 4 19.3 19. 4 30.5
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Table 3. Continuity of well

contam nation with coliform bacteri a

Cccasi ons Number of wells % wel | s cont am nat ed
cont ani nated on each | on each occasi on
occasi on

Wnter 1991-2 & 48 27.9

Sumrer 1992

February & March 16 9.1

1994

March & June 20 10. 6

1994

February, March & 8 4.5

June 1994

Wnter & Sumer 1992 5 2.9

February, March &

June 1994

Table 4. Contamnation of 188 test wells with Escherichia col

bacteria from the w nter of

Nunbers of wells:

1991-92 to June 1994.

Val ues are

Test W nt er Sunmmrer February Mar ch June

1991- 2* 1992* 1994 1994 1994

Zer o 30 (136) 95 (69) 168 167 168

1 or nore 7 (36) 27 (22) 8 13 19

Not 151 (16) 66 (97) 12 8 1
tested

Tot al 37 (172) | 122 (91) 176 180 187
tested

* Values in parenthesis are for faecal

the origina

coliformbacteria neasured in

Ontario Farm Groundwater Quality Survey
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Table 5. Contamination of 188 test wells with Escherichia col

bacteria from the winter of 1991-92 to June 1994. Val ues are

Percent ages of tested wells:

Test W nt er Summer February | March June
1991- 2* 1992* 1994 1994 1994

Zero 81.1 77.9 95.5 92.8 89.8
(79.1) (75.8)

1 or nore 18.9 22.1 4.5 7.2 10. 2
(20.9) (24. 2)

* Values in parenthesis are for faecal

the origina

coliformbacteria neasured in
Ontario Farm Groundwater Quality Survey

Table 6. Continuity of well contamnation with Escherichia col

bacteri a.

Cccasi ons Number of wells % wel | s cont am nat ed
cont ani nated on each | on each occasi on
occasi on

Wnter 1991-2 & 4 10. 8

Sumrer 1992

February & March 2 1.1

1994

March & June 4 2.1

1994

February, March & 1 0.6

June 1994

Wnter & Sumer 1992 0 0

February, March &

June 1994
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Reliability of results for contam nation of well water by E. coli
and coliformbacteria

There is no established protocol for collecting water sanples
from household taps as required for this study. The sanples were
usual ly taken fromthe tap used by the famlies for the majority of
their drinking water. As it was clear that few wells were
continuously contam nated, and that contam nation was erratic and
relatively epheneral, the reliability of the sanpling procedure was
guestioned. The protocol for sanple collection, and an assessnent of
the error associated wth Dbacterial counts was therefore
i nvestigated on nine selected wells. This required the determ nation
of the variation in bacterial count for sanples of contam nated
water collected over tine. A period of 30 m nutes was considered
appropri ate.

The nine farmwells were selected on the basis that they were
within 150 km of Guel ph, Ontario, and that the previous sanple
showed the presence of coliform bacteria in the range 10 to 70
coloni es per 100nL. The counts used were those obtained during the
sanpling in March 1994. Characteristics for each of the nine wells
showed they were either drilled or bored, and the depth to the
water table ranged from5 to 100 ft (Table 7).

Table 7. Characteristics of Drinking Water Wl and Farm ng
Practices on nine selected farns.

Vel | well | well el | well Wl | el | Di st.
Code Date | Type Cap D am Cover Depth |[to
Nunber (in.) (ft) wat er
tabl e
(ft)
18 1920 |(drill yes 6 st eel 50 40
202 1965 |drill yes 6 st eel 142 100
253 1940 | bored yes 48 brick 30 10
273 1961 | bored yes 48 brick 16 10
706 1930 | bored no 36 brick 35 5
817 1976 | bored yes 3 concrete |50 10
1022 1972 |drill yes 6 st eel 95 85
1140 1915 |drill yes 6 st eel 45 25
1591 1968 | bored yes 36 concrete |15 10
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Wells were sanpled in the period fromJuly 4 to July 6, 1994, and
anal yzed for total coliformand E. coli (Tables 8 & 9. The nean and
t he variance were conputed for the E. coli counts. The two were not
significantly different, indicative that the counts showed a Poi sson
distribution. An assessnent of the variability associated with each
count of bacteria colonies can therefore be obtained from standard
tabl es, assum ng that the Poisson distribution applies.

Table 8. Counts of Coliform bacteria colonies per 100 nL in well
wat er sanpl es collected over a period of 30 mn.

Vel | Time of Sanple Collection (mn)
Code
Nunber

2 2 5 5 10 20 30
18 2 1 1 0 1 * *
202 6 9 2 5 1 2 6
253 36 36 32 31 47 42 32
273 29 16 15 30 22 40 52
706 >80 >80 >80 51 >80 51 >80
817 1 1 0 0 0 0 0
1022 0 0 0 0 1 1 0
1140 2 4 3 4 5 0 3
1591 72 >80 >80 >80 >80 >80 >80

*Note: Well ran dry wthin 11 m nutes.

On this basis there were no substantial increases or decreases in
any of the counts over the 30 mn sanpling period (Fig. 2).
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Table 9. Counts of Esherichia coli colonies per 100nL in well water
sanpl es coll ected over a period of 30 mn.

wel | Time of Sanple Collection (mn)

Code

Number 2 2 5 5 10 20 30
18 2 1 0 0 0 * *
202 0 0 0 0 0 0 0
253 36 36 32 31 47 42 32
273 5 5 10 7 3 8 5
706 14 13 21 20 23 20 19
817 0 0 0 0 0 0 0
1022 0 0 0 0 0 0 0
1140 2 1 1 0 1 0 0
1591 3 9 3 10 6 19 9
*Note: Well ran dry wthin 11 m nutes.

Figure 2.

wel | s. Bars are +*95% confi dence interval s
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Rel ationship with soil hydrol ogi cal group

In the Ontario Farm G oundwater Quality Survey the
contam nation of farmwells with bacteria was found to be greater on
| oanmy soils than on coarser-textured materials. The wells in the
present study showed a simlar trend (Fig. 3). Soils of hydrol ogic
group A are sands and gravels, those of group B are sandy | oans,
group Csoils are silts and silty |loanms, group D soils are cl ayey.

100

80 57 60

39

60 —

40+

20

Wells with Detected Bacteria (%)

0 i i \ \
A B C D

Soll Hydrologic Group

Figure 3. Percentage of wells from soils of
di fferent hydrol ogical properties show ng the
presence of bacteria between January 1992 and
March 1994

The general characteristcs of the present selection of wells
were considered to be closely simlar to those in the earlier study
in relation to their bacteriological contamnation and the
intraction with soil type. The results from the epidem ol ogi ca
study should therefore be readily transferable to simlar wells in
the Province of Ontario.
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Ni trate Contamnm nation

In the prelimnary investigations for the present study a
nunber of farns were contacted and their well water tested. During
the main study several famlies had to be elimnated from the
epi dem ol ogy analysis, but their wells were nonitored for water
qual ity.

Water Quality of wells assessed for water quality

The objective this part of the study was to investigate
seasonality in the nitrate concentration of farm wells used for
drinking water by the famly nmenbers. A total of 171 wells were
monitored for water quality. Based on the results obtained in the
Ontario Farm Goundwater Quality Survey, 46 wells exceeded the
Ontario drinking water objective for nitrate-N (10 ng NL?'). This
represented 27% of the popul ation. This proportion of wells was
al nost double the proportion found to be contam nated during the
original study in 1992. However, as one aim of the present study
was to identify the effect on health of any interaction between
bacteria and nitrate, half the wells were selected for possible
inclusion in the study because the nitrate concentrati on exceeded
5 nm N L. The proportion of wells did not change significantly
over the period of the present study (Table 10 ).

Table 10. Variation in the proportion of 171 wells studied that had
nitrate concentration exceeding the Ontario Drinking Water Qbjective
value of 10 ng N L%

Sanpl e col |l ection

W nt er Sumrer February |March 1994| June 1994
1991-2 1992 1994

Cont ami nat ed | 26. 9+6. 78 | 29. 9+7. 00 | 22. 8+6. 42 | 28. 7+6. 92 | 25. 7+6. 68
wel I's (%

Over the whole period fromthe wi nter sanpling of 1991-1992 to
June 1994 there was only a small increase in the nean nitrate-N
concentration of the wells (Fig. 4). A major peak in the
concentration was noted in March 1993. Despite extensive studi es of
t he nethodol ogy enployed by the analytical |aboratory, including
internal quality control procedures, it has proved inpossible to
confirmthat this was a real seasonal event. The results of the
June sanpling would tend to support the conclusion that an error was
made in setting-up the TRAACS system when the March sanples were
anal yzed. The sanples were frozen inmmedi ately after analysis, and
on thawi ng the repeat analysis gave substantially smaller val ues.
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However, a test carried out on sanples that were anal yzed before and
after freezing also gave smaller values after thaw ng. The tinme
sanples were stored in the refrigerator before freezing also
affected the mgnitude of the reduction in the apparent
concentration, so no reasonabl e correction was available to apply to
t he March dat a.
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Figure 4. Seasonal variation in nitrate

concentration in selected wells. Values are
geonetrically averaged nitrate concentrations
wth standard errors.
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Rel ati onshi p between nitrate contam nation and | and use.

As found in the Ontario Farm Goundwater Quality Survey,
nitrate contamnation was wdely spread anong | and-use classes
identified according to those given in the Agricultural Resources
Inventory (Fig. 5). No land-use class was found to be associated
with a significantly greater nunber of contam nated wells than any
ot her cl ass.

40
30
200

10+

Wells with Nitrate-N >10 mg L™ (%)

1T 01
0 R N

o 1o 068 08 (% B

N N DC’)OD 0\0 Q@ (0 O «Q
%@oémgﬂ \ % et O @
77 oY
Lanlese
Figure 5. Rel ati onship between nitrate
contamnation and |and use. Bars are

percentage of wells contam nated in each | and-
use class. Nunbers of wells in each class are
al so shown. The average concentration of all
five sanples were used to identify contam nated
wel | s.
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Pesti ci de Contam nati on

Pesticides had only been detected during the Ontario Farm
G oundwater Quality Survey in 18 of the wells selected for further
investigation. Atrazine and its nmetabolite D-ethyl atrazine were
the main contam nants. One well contained netol achlor, another
cont ai ned cyanazine and one well contained both netal ochlor and
metribuzin as additional contam nants.

15
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g | Metolachlor
o I : +__ Cyanazine
0 Metr‘ibu‘;%!w -
Time (Months)

Figure 6. Variation in concentration of
i nfrequent contam nant pesticides fromJanuary
1992. Values are for different wells.

I n February and March 1994 atrazine and D-ethyl atrazine were again
the main contam nant pesticides. The concentrations of the
addi tional contam nants all declined over time (Fig. 6). However,
the pattern of change varied for the different pesticide species

(Fig. 7).
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Figure 7. Variation of three contam nant pesticide species in a
single well from January 1992.

On average, the concentration of atrazine decreased at a rate of
0.016+0. 0065 pg L' per nonth over the period from the w nter of
1991-2 to March 1994 (Fig. 8). The concentration of D atrazine
tended to decline after the summer of 1992 (Fig. 9).
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Figure 9. Variation in D-ethyl atrazine
concentration in 9 wells wth a
measur abl e concentration in January 1992
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However, in WMarch 1994 some 16 additional wells contained
measur eabl e quantities of D-ethyl atrazine.

Cenerally there was no correl ati on between the concentration of
atrazine and its breakdown product D-ethyl atrazine (Figs.10 & 11).
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Figure 10. Variation in the concentration of Atrazine and its
daughter D-ethyl atrazine in a single well from January 1992.
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3. Health of farmfanlies

The health of the farmfamlies has been assessed through an
epi dem ol ogy approach. The results are based on records coll ected
during February and March 1994, and should therefore be considered
as giving only prelimnary information.

Full information was available for 157 farns, with an average
of 3.55 famly nenbers per farm

The average preval ence of diarrhoea reported during the nonths
of February and March on farnms was 26% There was no significant
change fromthis | evel of prevelance irrespective of the sub-group
of farms investigated.

D arrhoea was reported by 11%of famly nenbers (Table 11).
On average, each famly nenber reporting an incidence of diarrhoea
recorded 1.26 incidences, each |asted an average of 2.16 days,
resulting in 2.72 days of illness. Because the distribution of days
si ckness was skewed, the data was adjusted geonetrically. Using the
adjusted data, the average length of sickness reported by sick
menbers was 1.93 days, each episode of diarrhoea |asting 1.53 days.

Using the informati on on water quality obtained in the original
Ontario Farm Groundwater Quality Survey in 1992, there was little
evidence that the famlies using wells contam nated with bacteria
had any great differences in incidence of acute gastro-intestinal
di sease (Table 12a). However, conpared wi th people drinking better
quality water, the duration of sickness was slightly greater in
famly nmenbers who becane ill on farns with wells that had been
contam nated in 1992 (1.8 days conpared with 1.3 days per epi sode).

When the water quality prevailing during the study was used,
the duration of sickness was still greater in famly nenbers who
becane ill on farms with wells that were contamnated (2.1 days)
conpared people drinking better quality water (1.4 days)
(Tabl e 12b). When water quality was assessed accordi ng to whet her
any bacteria had been found in the well or not, the difference in
the duration of sickness was smaller still (1.7 days for people
drinking contam nated water conpared with 1.4 days for those
dri nking bacteria-free water (Table 13).

The wells had al so been sel ected according to the assessnent
for nitrate contam nation. This allowed the interaction between
bacterial contam nation and nitrate contam nation on the incidence
of diarrhoea to be investigated (Table 14). There were 50 wells
t hat had no bacteria present in February or March 1994 and cont ai ned
less than 5ng N L', 36 wells that also had no bacteria but had
el evated levels of nitrate, 41 wells had sone bacteria but little
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nitrate, and 30 wells that had bacteria and an elevated nitrate
concentration. At nitrate concentrations less than 5 ng N L?! there
was little effect of the presence of bacteria, but wth elevated
| evel s of nitrate the inpact on the duration of diarrhoea was nore
than 0.5 days. The results suggest an interaction between the two
contam nants on the ability of famly nenbers to recover from an
i nci dence of diarrhoea.

Tabl e 11. Summary of epidem ology health record information on
acute gastro-intestinal episodes.

Al farnms Farns| Fam |y Fam |y Report ed Days si ckness
menmbers | nenbers | epi sodes
reporting| — of Tot al [Geonetrically
si ckness [di arr hoea adj ust ed
Nunber 157 | 555 61 77 166 118
per farm 3.54 0. 39 0.49 1.06 0.75
per famly 0.11 0.14 0. 30 0.21
menber
per nmenber 1.26 2.72 1.93
reporting
si ckness
per episode 2.16 1.53
of
di arr hoea
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Tabl e 12a.
bact eri ol ogi c

Rel ati onshi p between the
al contam nation of well

i nci dence of
wat er .

di arr hoea and

of

Well water quality based on results from 1991-1992

Results for|karns Fam |y Fam |y Report ed Days si ckness
bacteri al menbers | nenbers | epi sodes

col oni es reporting of :
<MAC si ckness |di arr hoea Total GESS?L;{gSIIy
Nurber 80 276 29 41 83

per farm 3.45 0. 36 0.51 1.04

per famly 0.11 0. 15 0. 30

menber

per menber 1.41 2. 86

reporting

si ckness

per episode 2.02

di arr hoea
Results for|karns Fam |y Fam |y Report ed Days si ckness
bacteri al menbers | nenbers | epi sodes
col oni es reporting of :
>MAC si ckness |di arr hoea Total GESS?L;{gSIIy
Nunber 77 279 32 36 83
per farm 3.62 0.42 0. 47 1.08
per famly 0.11 0. 13 0. 30
menber
per menber 1.13 2.59
reporting
si ckness
per episode 2.31
of
di arr hoea
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Tabl e 12b. Rel ationship between the incidence of diarrhoea and the
bact eri ol ogi cal contam nation of well water.

Vell water quality based on results for February and March
1994

Results for"FarnB Fam |y Fam |y Report ed Days si ckness
bacteri al nmenbers| nenbers | epi sodes

col oni es reporting of :
<MAC si ckness [di arr hoea Total Ge;gfhglgglly
Nurber 113 390 44 59 110 79
per farm 3.45 0. 39 0.52 0. 97 0.70
per famly 0.11 0.15 0. 28 0. 20
menber

per nmenber 1.34 2.50 1.81
reporting

si ckness

per epi sode 1.86 1.35
of

di arr hoea

Results for"FarnB Fam |y Fam |y Report ed Days si ckness
bacteri al nmenbers| nenbers | epi sodes

col oni es reporting of :
>MAC si ckness [di arr hoea Total Ge;gfhglgglly
Nunber 44 165 17 18 56 38
per farm 3.75 0. 39 0.41 1. 27 0. 87
per famly 0.10 0.11 0.34 0. 23
menber

per nmenber 1.06 3.29 2.26
reporting

si ckness

per epi sode 3.11 2.13
of

di arr hoea
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Tabl e 13. Rel ationship between the incidence of diarrhoea and the
presence of bacteria in well water.

Well water quality based on results for February and March
1994
Results for"FarnB Fam |y Fam |y Report ed Days si ckness
bacteri al nmenbers| nenbers | epi sodes
col oni es reporting of :
0/100nL si ckness [di arr hoea Total Ge;gfhglgglly
Nurber 86 290 34 46 93 65
per farm 3.37 0.40 0.53 1.08 0.76
per famly 0.12 0. 16 0. 32 0. 22
menber
per nmenber 1.35 2.74 1.91
reporting
si ckness
per episode 2.02 1.41
of
di arr hoea
Results for"FarnB Fam |y Fam |y Report ed Days si ckness
bacteri al nmenbers| nenbers | epi sodes
col oni es reporting of :
>1/100nL si ckness [di arr hoea Total Ge;g?hglgglly
Nunber 71 265 27 31 73 53
per farm 3.73 0. 38 0. 44 1.03 0.74
per famly 0.10 0.12 0. 28 0. 20
menber
per nmenber 1.15 2.70 1.95
reporting
si ckness
per epi sode 2.35 1.70
of
di arr hoea
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Tabl e 14. | nteracti on between bacterial and nitrate contam nati on
on the incidence of diarrhoea.

Vel |l water quality based on results for February and March 1994.
Results for"FarnB Fam |y Fam |y Report ed Days si ckness
bacteri al nmenbers| nenbers | epi sodes
col oni es reporting|  of
0/100nt si ckness [di arrhoea|t,t g Geonetrical |y
& nitrate .

5 adj ust ed
<6 ng L*
Nurber 50 173 18 21 43 32
per farm 3. 46 0. 36 0.42 0. 86 0. 64
per famly 0.10 0.12 0. 25 0.19
menber
per nmenber 1.17 2.39 1.78
reporting
si ckness
per epi sode 2.05 1.53
of
di arr hoea
bact eri al "Farns Fam |y Fam |y Report ed Days si ckness
col oni es nmenbers| nenbers | epi sodes
0/100nL reporting of _
& nitrate si ckness [di arrhoea|Total |Geonetrically
>5 ng L! adj ust ed
Nurber 36 117 16 25 50 34
per farm 3. 25 0. 44 0. 69 1.39 0.94
per famly 0.14 0.21 0.43 0. 29
menber
per nmenber 1.56 3.13 2.12
reporting
si ckness
per epi sode 2.00 1.36
of
di arr hoea
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Table 14. Cont...

of
di arr hoea

bacteri al Farms| Fam |y | Famly | Reported Days sickness
col oni es nmenbers| nenbers | epi sodes
1 or nore reporting|  of
£100n. si ckness [di arrhoea|tyt g Geonetrical |y
& nitrate ad

=) justed
s ng L
Nurber 41 153 20 20 44 32
per farm 3.73 0. 49 0. 49 1. 07 0.79
per famly 0. 13 0. 13 0. 29 0.21
menber
per nmenber 1.00 2.20 1.62
reporting
si ckness
per episode 2.20 1.62

bact eri al "Farns Fam |y Fam |y Report ed Days si ckness

col oni es nmenbers| nenbers | epi sodes
1 or reporting of
TsrealognL si ckness [di arrhoea|tyt g Geonetrical |y
>5n| rﬁﬁe adj ust ed
Nunber 30 112 7 11 29 21
per farm 3.73 0. 23 0. 37 0. 97 0.70
per famly 0. 06 0.10 0. 26 0.19
memnmber
per menber 4.14 2.98
reporting
si ckness
per episode 2.64 1.90
of
di arr hoea
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CONCLUSI ONS

Seasonal Variation in Water Quality

The primary selection of wells for this study was based on the
needs for the epidemology investigation. Nevert hel ess, the
popul ation of wells covered a range of depths from less than ten
feet to nore than two hundred feet. Furthernore, the rel ationships
bet ween bacteri ol ogi cal contam nati on and soil hydrol ogi c group, and
nitrate contamnation and |and-use class in these wells showed
simlar patterns to those observed in the 1200 wells studied in the
Ontario Farm Goundwater Quality Survey as reported by Rudol ph and
Goss (1993). The proportion of wells exceeding the Ontario
bj ectives for the quality of drinking water (MO, 1992), were
expected to be greater than reported by Rudol ph and Goss (1993), but
al though this was true for nitrate, the proportion for bacteria was
closely simlar in the two studies. The sanple of wells selected
for study therefore appears to have simlar characteristics as the
mai n popul ation studied in 1991 to 1992, and suggests that any
conclusions drawn in the epidemology investigation should be
applicable to the whol e Province.

There was no clear indication of seasonality in the nitrate
quality of the well water. The sharp peak reported for March 1994
| ooks to be the result of an analytical error. The trend in the
data is a slight, but not significant increase in the nean.

There was sone indication of seasonality in the pesticide
quality of the well water, nmainly because of the increase in the
nunber of wells wth nmeasureabl e concentrations of D-ethyl atrazine
in March. This would appear to be the result of the flushing of
soil by snow nelt-water. The trend in the data is a decline in the
concentration of atrazine, netolachlor, metribuzin and cyanazi ne.

The bacterial contam nation showed considerable variation.
Based on the results of the Ontario Farm G oundwater Quality Survey,
at least half the wells were expected to exceed the Ontario
drinking water Cbjectives. |In the event the values were closer to
one third. Tenperature could well have been an inportant factor.
During the Ontario Farm G oundwat er Quality Survey it was noted that
for the wnter sanpling there was a smaller proprtion of
contam nated wells in Northern Ontario than in the south of the
Province. For the summer sanpling there were no differences. The
unusual ly cold winter of 1993-4 could be the explanation for the
smal | er frequency of bacteriological contam nation reported here.

Seasonal Variation in Wll Water Quality 31




Epi dem ol ogy of Drinking Contam nated Well Water

The results from the epidem ol ogy study should be treated as
extrenely prelimnary. Early indications suggest that the inpact of
poor quality water, as defined by the presence of indicators of
pat hogenic organisns, is not to increase the incidence of acute
gastro-intestinal episodes but prolongs the duration of the event.
The suggestion that there is an interaction between bacteria and
nitrate in prolonging the nunber of days that people report having
di arrhoea, needs further study. A mechanismfor such an interaction
could be the formation of nethaenoglobin in the blood by nitrite,
whi ch was produced by the reduction of nitrate by the bacteria in
the intestinal tract. The presence of nethaenoglobin may slow the
activity of the imune system

The study has been planned to continue until February 1995.
This report will be superceeded by one prepared at that tine.
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APPENDI X

Agar Conposition for Bacteriological Plates

Formul ati on of m ENDO- LES AGAR

Yeast extract 1.2 g
Casitone or trypticase 3.7 ¢
Thi opept one or thiotone 3.7 49
Trypt ose 7.5 ¢
Lact ose 9.4 ¢
Pot assi um Hydr ogen phosphat e 3.3 ¢
Pot assi um di hydr ogen phosphat e 1.0 g
Sodi um chl ori de 3.7 ¢
Sodi um desoxychol at e 0.1 g
Sodi um | auryl sul phate 0.05 g
Sodi um sul phite 1.6 g
Basi ¢ fuchsin 0.8 ¢
Agar 15.0 g
Distilled water 1000 nL

Reference: A WWA. and A P.H A 1985. Standard Met hods for
Water. 16th ed.

Formul ati on of m FC AGAR

Trypt ose 10 g
Pr ot eose Peptone No. 3, Difco 59¢g
Yeast Extract 39
Lact ose 12.5 g
Bile Salts No. 3 1.5 ¢
Sodi um Chl ori de 59¢g
Agar 15 ¢
Ani | i ne Bl ue 0.1g
Distilled water 1000 nL
Final pH 7.4 + 0.2 at 25EC
Rosolic acid 150.0 ngy
0. 2N NaCH 15.0 nL

Reference: Difco Manual. 1984. 10th ed. pp. 351-353.
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Pesti ci de Anal ysi s Met hodol ogy

Met hod 1: solid phase extraction for water sanples
Sanpl e Preparation

Vell water without particulate matter was transferred directly
to a 100 m.. cylinder. If sanples had particulate matter, sub-
sanples were filtered through a glass filter paper on a Buchner
funnel wusing suction.

Met hod 2: liquid/liquid extraction for water

Approxi mately 800 nL) of sanple water was poured into a 1000 nL
separatory funnel,adjusted pH to 9 wth amoni um hydroxide (di
1:2.5). Separation was carried out in 100 nL of chloroform (CHC ;).

The chl orof orm phase was drai ned through CHO ;- pre-washed and
dried cotton into a 500 nL boiling flask. The extraction was
repeated with 100 nL of CHJ ,.

The conbined CHCO ; extracts were evaporated on a rotary
evapor at or (50-60EC water bath) alnost to dryness, before 10 nlL of
i so-octane were added and the sanple evaporated to dryness. The
resulting triazine residues were dissolved in 5 nL of nethanol.

Experinental conditions and equi pnent for analysis
Gas Chromat ograph: Hewl ett Packard 5890

Det ect or: O -Nitrogen

Col um: HP- 1( Crossl i nked Methyl Silicone Gum
30 mx 0.53 mm
2.65 pmfilmthickness
Hew et t - Packard

Carrier @as: He
20 psi
30 cmsec! linear velocity

Oven Profile: Tenperature 1 170EC
Hol d 7 mnutes
Ranp Rate 1 30E mint
Tenperature 2 200EC
Hol d 0 mnute
Ranp Rate 2 5E mint
Tenperature 3 250EC
Hol d 6 m nutes
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| nj ect or Tenper at ure: 250EC

Det ect or Tenper at ur e: 250EC

I nj ection:

Al t er nat e:

2 ul, split 10:1

Perkin El mer 8500 Gas Chromat ographs
Hal | Detector (Nitrogen node) and
Ni t r ogen/ Phosphorous detectors
(Conditions simlar as above)

Elisa: Commercial Kit -Agri Diagnostics Associ ates, Morestown

N. J.
Type: 96 well plate
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