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Figure 1. Locations of CAESA water quality project sites.
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Figure 4. Location of survey streams.
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Fecal coliform bacteria from agricultural sources often caused surface water
resources and irrigation systems to exceed human and livestock drinking
water guidelines. Fecal coliforms can also occur from non-agricultural sources;
for example, where wildlife have access to sireams and lakes.

Fecal coliform levels nearly always exceeded human drinking water gquality
guidelines in small streams in all agricultural areas. For dugouls, drinking water
guidelines were exceeded more often in southern Alberta, than in the Peace
River area of northern Alberta.

Fecal coliform levels met irrigation water quality guidelines more often for
source water, than for return flows.

As has been recognized for some years, fecal coliform contamination of surface
walers is widespread, from a variety of sources. While agriculture is a
contributor to fecal coliform contamination, other sources, including wildlife
and other human activities, also contribute to the problem. Health officials have
long recommended all water sources be treated before domestic use.
Unfortunately, the study showed a significant number of farm families do not
test or treat their domestic waler supplies.

Table 5 summarizes the water quality guideline exceedences
of fecal coliform bacteria from the study projects
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Tahle 6 SITIMMARY OF PFSTICINE NATA

dicamba < 1%

triallate 1%

DEEP WELLS 448 0% 0% 0% .
bromoxynil < 1%
o bromoxynil < 1% .
SHALLOW 376 24D <1% 2.4-D< 1% riallate < 14 dicamba 1%
WELLS : ° | bromoxynil < 1% | avate =1 MCPA 1%
trifluralin < 1%
DUGOUTS o dicamba 13%
. 09 0
Pilot Survey 1z 0% % 0% MCPA 15%
MCPA 1% dicamba 26%
North S e 78 0% 0% R .
orthern Survey ° ° trifluralin 1% MCPA 21%
STREAMS dicamba 6%
High Intensity 31 0% 0% lindane < 1% MCPA 25%
bromoxynil < 1%
Moderate " .
Intensity 45 0% 0% 0% dicamba 6%
Low Intensity 20 0% 0% 0% 0%
dicamba 9%
;s ';]A;“thnssity 92 0% 0% 0% MCPA 26%
g bromoxynil < 1%
Low Intensity 27 0% 0% 0% MCPA 7%
2,4-D 1% dicamba 33%
l E
RETNA:EgN 170 0% 0% MCPA 1% MCPA 33%

bromoxynil 3%

*Canadian Water Quality Guidelines (CCME 1997)

Note absence of guidelines for recreation.

High. Moderate and Low [ntensity refer to agricultural intensity in the strcam drainage basin
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Pesticides from agricultural sources were not found to be a significant
contaminant for human and livestock consumption, and for the protection of
aquatic life.

However, very low level herbicide detections were frequently found in many
surface waters and some groundwater. Most detections were below water quality
guidelines. The single insecticide studied (lindane) was detected only once and
Jfound (o exceed water quality guidelines for the protection of aquatic life. Ior
surface waters, many of the detections were related to spring snowmelt events,
suggesting herbicide persistence in the soil is longer than originally thought.
Specific research studies conducted in central and southern Alberta also indicate
herbicides can leach into shallow groundwater.

Two of the herbicides studied, MCPA and dicamba, frequently exceeded
irrigation water quality guidelines in irrigation canals. These two herbicides
were also found to exceed irrigation guidelines in streams and small [akes in
high intensity agriculture areas.

The study showed herbicide concentrations were generally higher in irrigation
canals than in other water sources in the province. Potential impacts on crop
yields may result from the exceedence of these irrigation guidelines. Herbicide
levels in canals generally increased from upstream to downstream, with
maximum levels found at return flow locations, where the water returned to the
Fiver.

Table 6 summarizes the water quality guideline exceedences
of pesticides from the study projects
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1. Initiate a more intensive education program to increase the rate of adoption by Alberta
farmers of management and production practices that protect water quality.

The results of this study clearly show that current agricultural management practices
on many farms are not adequate to sustain water quality, particularly in the high and
moderate intensity agricultural areas of Alberta. More work must be initiated to
encourage producers to improve managemeni of livestock wastes and crop inputs.

2. Increase efforts to encourage Alberta farm families to test and treat all water supplies
prior to domestic use.

The Farmstead Water Quality Survey of wells and dugouts revealed that a significant
nmumber of families in rural Alberta are drinking water from untreated surface and
groundwater sources. About 60% of the nearly 1,000 households surveyed had not
tested their drinking water in the last five years or had never tested it at all. A similar
percentage of these households were not using any form of water treatment.  This is
a major concern because of the health problems associated wi * poor quality water.
More effective education and awareness programs are required to ensure that all
waler is tested, and where required, treated before domestic use.
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Prevent livestock manure from entering streams and lakes.

The study detected coliform bacteria in several different water sources. Cattle wintering sites
located next to streams were identified as one source of manure contamination. Allowing livestock
direct access to water bodies is another.

The following are known ways to prevent animal wastes and manured runoff from entering water.
e Locate cattle wintering sites away from water bodies.
e Increase the size of cattle wintering sites to decrease cattle density and move cattle
often to decrease manure concentrations.
Provide a vegetated buffer strip along water bodies, where animals are present.
Pump clean water to troughs so cattle do not have to wade into water bodies to drink.
Fence water bodies to prevent livestock from having direct access.
Avoid spreading manure on steeply sloped lands or near water bodies.
Avoid spreading manure on frozen, wet or snow-covered fields.
Divert offsite runoff around areas of manure accumulation.
Incorporate manure into soils as soon as possible after spreading.
Inject liquid manure directly into the soil.

Prevent soil nutrients from reaching streams and lakes.

The study results clearly show that areas with moderate to high intensity agriculture are at risk for
water quality degradation. However, areas currently in low intensity agriculture often are in
landscapes with a high potential for moving contaminants into water sources. Therefore, all farmers
need to use good management practices to protect water quality.

The following are known practices to reduce the movement of sediments, nutrients and pesticides
from farm fields into streams and lakes.

Reduce or eliminate tillage where possible.

Reduce cultivated summerfallow.

Keep erodible lands under permanent cover, such as perennial forages.

Construct and maintain grassed waterways.

Cultivate across, not with, the slope of the land.

Prevent nitrates from entering groundwater.

One project showed that repeated application of manure in excess of crop requirements increases
the risk of nitrate-nitrogen moving into groundwater. It should be recognized that manure will
release nutrients for crop uptake several years after spreading.

The following are known practices to reduce movement of nitrate-nitrogen into groundwater.
e Test the soil each year to determine nutrient requirements.
o Test the manure to determine the amount of nutrient present.
e Apply only the amount of manure required by the specific crop.
e Do not pile manure on fields prior to spreading.
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Larcy A. ruzgeraid el al. 1YY/

The majority of Albertans live in large
cities where their drinking and household
water is supplied through municipal treatment
systems. These systems supply water which
meets government water quality guidelines.

In contrast, about half a million rural
Albertans depend on private wells or dugout
water for their drinking and household
supplies, as well as for ltvestock and gardens.
In northern Alberta, these dugouts are most
often filled with rain, snowmelt and runoff. In
southern Alberta, dugout supplies are often
filled with water from irrigation systems, as
well as from runoff and precipitation.

Testing and treating farmstead wells and
dugouts s left to the farm owner, who may not
realize the impact water quality can have on his
family’s health and livelihood. Often, farmstead
water supplies are untested and untreated.

Potential health risks fromusing untreated
water range from gastro-intestinal upsets and
allergies, to disease and brain damage. Poor
water quality can also contribute to weight loss
and poor health in livestock.

Previous studies show most farmstead
well water problems are caused by poorly
built, poorly maintained well systems or
accidental spills. Old-fashioned well pits, the
lack of back-siphon protection devices, and
uncapped, abandoned wells are the primary
causes of well water problems in rural areas.

Natural conditions also cause well water
problems. Aquifers may flow through rock
formations containing sodium and other readily
dissolvable substances, resulting in unpalatable
or unsafe water supplies. Fluoride, for
example, may naturally occur in groundwater,
at levels greater than recommended.

Nitrate and nitrite are often an indication
of contamination from manure or fertilizers, but
are also created by natural decomposition of
organic materials, While little can be done to
alter the conditions which cause these water
problems, the water itself can be easily treated
to make it safe and palatable.

Approximately 32% of the wells tested in
the project exceeded drinking water guidelines
for at least one health-related contaminant.
Fluoride, arsenic, zinc, selenium, manganese,
and lead were among the substances found in
farmstead wells (Table 7.)

About 93% of the well water samples
exceeded at least one aesthetic or physical
guideline (taste, odor, colour, etc.).

Aluminum 1414 ppb | 200 ppb* 3%
Arsenic 119 ppb 25 ppb 2.5%
Barnium 275 ppm 1 ppm 1%
Chloride 3150 ppm 250 ppm 6%
Chromium 71 ppb 50 ppb 0.2%
Fluonde 6.37 ppm 1.5 ppm 13%
Iron 31.4 ppm 0.3 ppm 35%
Lead 137 ppb [ ppb 2%
Manganese 5334 ppb 50 ppb 35%
Selenium 94 ppb 10 ppb 3%
Sodium 2100 ppm 200 ppm 65%
Uranium 585 ppb 100 ppb > 1%
Zinc 17.6 ppm 5 ppm 1.3%

ppm = parts per million
MAL = maximum allowable concentration
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ppb = parts per billion
A0 = pesthetic objective

* Under Review
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Figure 11. Farmstead well water quality survey sites.
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s

EDMONTON ' e

‘-ﬁnf‘/\l.v‘)‘
Bl - -
Q I ", wepicie
- A N Har d

P

; 1L s TP
= 1 A~
| = N\ - j\a-

= i

{ CALGARY I
Ny dm y
\!I - =0 pithans K

&-—-";E;ETHBRIDGE

-47 -
















































antrol
fanure 20
Tanure 40

— Manure 60
4 Tanure |20

Nanure rate (A g

ra

Depth from ground surface {em)

Figure 20a. Soi' =it
Southern Albert:
Mcdium textare

0 3{ L0 130

Soil Nitrate- N (kg'ha)

Researchers believe the nitrate accumulations
have not yet reached the water table. There was
no evidence of groundwater contamination from
the nitrate at either of the central Alberta sites.

The overall lack of effect on the groundwater
at most of the test blocks may be due to the long
time the leachates take to reach the water table.
To study the effects of the nitrogen applications
over alonger period, tests at the southern
Alberta sites are being continued through 1998
under an Alberta Agricultural Research Institute,
‘Farming for the Future’ grant.
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Alberta’s cattle teedlots process almost
two million animals a year, with each animal
producing approximately a tonne of manure
during its stay. In recent years, technical
literature and the media have identified this
manure, from the feedlots, and from field
runoff after the manure is spread, as a major
contributor to water quality contamination.

Feedlot manure contains large amounts of
nitrogen, phosphorus, potassium, sodium,
organic material and bacteria, Spread on
fields, the nutrients are valuable plant foods
and the organic matter is a useful soil
conditioner. However, spreading rates are
often higher than warranted for environmental
sustainability. A Code of Practice for the safe
and economic handling of these manures is
currently being revised.

To clarify the role of feedlot manure in
water quality contamination, a research team
undertook a four-year study of a large,
relatively new feedlot, north of Vegreville,
Alberta. The specific objectives of the project
were to measure the runoff volume of the
watershed containing the feedlot, to measure
the chemical parameters of the runoff, and to
test for microbiological contaminants, including
fecal coliform and fecal streptococcal bacteria.

The data obtained from the project would
also be used to help define sustainable manure
application protocols for the industry and to
revise the Code of Practice.

Two types of storm events were recorded
in the feedlot area: short duration, high
intensity surnmer thunderstorms, and long
duration, low intensity frontal storms. The first
type of rain event produced a small amount of
runoff immediately.

Brian Kennedy et al. 1997

The second type of storm produced
significant amounts of runoft after 24 hours.
During this time, the feedlot surface was
absorbing moisture and becoming saturated.
Approximately 25 mm of rain was needed to
fully saturate the surface under these
conditions. Overthe ur years of'the project,
26 storm events pro.  ced measurable runoff.
Fifteen of these events occurred in 1994, a
high runoff year, with two very intense storms.

There was no measurable snowmelt
runoff due to the design and operation of the
feedlot. Runoffyield from individual storm
events varied greatly, ranging to as much as
73 7% of'the rain that felt on the pens.

In general, runoff volumes were lower
than expected, with the system retaining 60%
to 85% of summer rainfall. Compaction from
the cattle’s hooves made the soil beneath the
pens almost impenetrable, and created micro-
depressions which acted as traps for excess
water. As well, the packed manure layer
absorbed much of the rainfall.

However, during long-duration storms,
once the manure pack was saturated, almost
all the rain was directed to runoff. The
movement of manur  1rough the pen system
increased as the runoff continued.

Structures to de  with solid manure loads
in the collection system upstream of the catch
basin were suggested. It was also
recommended that ¢ :h basin volumes be
calculated to store . »ff from the wettest year
of an average ten-year cycle, rather than for
the storage of'a single severe storm event.

Chemical analyses of the feedlot runoff’
showed extreme variability, both during
individual storm events and from year to year.
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Introduction

This section integrates resulits from the numerous projects carried « 1 by the CAESA Water
Quality Committee and provincial and government agencies. Nulrients, Bacteria and
Pesticides were analysed for five water sources, including deep groundwater, shallow
groundwater, dugouts, streams, small lakes, and irrigation canals. The study results are
discussed relative to federal and provincial water quality guidelines for human drinking
water, livestock drinking, irrigation, the protection of aquatic life, and recreation.

OVERVIEW

Nitrate + nitrite were analysed in 824 domestic wells and 87 dugouts. Nitrogen (nitrates + nitrites,
total nitrogen and ammonia) and total phosphorus were analysed for the 25 streams and 27 lakes
surveyed. Nitrate + nitrite and total phosphorus were analysed for the irrigation canals reviewed
for the study. Table 1 (page 19) depicts the Water Quality Guidelines for Nutrients.

GROUNDWATER

Of the 824 wells tested, 448 were deep, (greater than 100 feet,) while the remaining 376 were
shallow, (less than 100 feet deep.) Ninety four ofthe deep wells and 229 of the shallow wells had
detectable levels of nitrate + nitrite. The causes of these detections are not clear, but research
carried out in central and southern Alberta shows that annual fertilizer and manure applications in
excess of crop needs result in nitrate leaching below the root zone, eventually reaching the shallow
groundwater. Shallow, unconfined aquifers are particularly vulnerable. Table 13 summarizes the
study results on nutrients in groundwater.

Human Drinking Water Quality Guidelines
All the deep wells surveyed in this study had nitrate + nitrite concentrations below
the maximum acceplable concentration (MAC) of 10 parts per million (ppm), as set
out in the Canadian Drinking Water Quality Guidelines. O 1e 376 shallow wells
surveyed, 46 (13%) had nitrate + nilrile concentrations which exceeded 10 ppm.
These 46 wells averaged 50 feel in depth, were an average of 26 years old, and had
average nifrate + nitrite concentrations of 27 ppm.
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STREAMS

Nitrate was detected in nearly all streams sampled, but concentrations were very low, relative to
the guidelines, regardless of whether the stream was located in high, mo rate or low agricultural
intensity areas. At these concentrations, there is no threat to either livestock or human drinking
water.

Total Nitrogen (TN) and Total Phosphorus (TP) were also detected in  streams sampled. Both
the TN and TP detections often exceeded the MAC for the Protection  Aquatic Life under the
Canada Surface Water Quality Guidelines. The guidelines for TN and”  were met less frequently
in streams draining intensively farmed land, than in streams draining land farmed with moderate or
low intensity. As well, the degree with which all samples exceeded guidelines was also greatest for
the high agricultural intensity stream group.

Ammonia (NH,) detections occurred in most of the streams sampled, bi  always complied with the

Alberta Surface Water Quality Guidelines for the Protection of Aquatic Life. Table 15 summarizes
the study results on nutrients in streams.

Tahle 185, Nutrients in Streame

I otal Nitrogen 214 N/ N/G 87% N/G
High Total Phosphorus 220 N/G N/G 99% NIG N/G
Intensity Nitrate+Nitrite 206 0% 0% N/G 0%
Ammonia 70 N/G N/G 0% N/G
Total Nitrogen 343 N/G N/G 65% N/G
Moderate | Total Phosphorus 341 N/G N/G 88% N/G N/G
Intensity Nitrate+Nitrite 303 0% 0% N/G 0%
Ammonia 126 N/G N/G 0% N/G
Total Nitrogen 163 N/G N/G 32% N/G
Low Total Phosphorus 164 N/G N/G 89% N/G
Intensity [ Nitrate+Nitrite 129 0% 0% N/G 0% NG
Ammonia 162 N/G N/G 0% N/G
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SMALL LAKES:
Total Phosphorus (TP) was detected in all samples taken in the 25 lakes surveyed. Exceedence of

the Maximum Acceptable Concentration (MAC) for the Protection of Aquatic Life occurred in
96% of the samples from lakes located in the high intensity agriculture areas. From lakes in low
agriculture intensity areas, 38% of the samples exceeded the MAC. Table 16 summarizes the study

results on nutrients in lakes.

Tahla 14 Nutriantc in | akac (Tatal Phacnharuc)

High Intensity 69 N/G N/G 96% N/G N/G

N/G N/G 38% N/G N/G

[A8]
W

Low Intensity

IRRIGATION CANALS:
In addition 1o irrigation, canals supply water for a variety of purposes to towns,
municipalities and rural residents. Commercial production of trout and grass carp fish in
dugouts and small reservoirs is expected to increase, and reduced oxygen in the water
because of excessive phosphorus may be a concern, About 80 large reservoirs located in
southern Alberta are supplied almost exclusively with water from irrigation district canals.
It is not known whether the excessive phosphorus in the canals has any detrimental affect
on the aquatic life in these reservoirs. Table 17 summarizes the study results on nutrients in

irrigation canals

Human and Livestock Drinking Water Guidelines
Nitrate ~ nitrite concentrations in the irrigation canals were always low, significantly
helow the human and livestock drinking water quality guidelines.

Irrigation Water Guidelines
Nitrate -~ nitrite concentrations in the irvigation canals were always significantly
below Canadian Water Quality Guidelines for irrigation water.

Protection of Aquatic Life Guidelines
Total phosphorus exceeded the Alberta Water Quality Guidelines for the Protection
of Aquatic life 16% of the time at source sites and 61% of the time at return flow
sites. High phosphorus levels result wr accelerated growth of aquatic plants, which
can reduce water flow in the canals. Removal of these aquatic plants o ensure
efficient operation of the canals is costly and time-consuming for Irvigation Districts.
Decaying plant marerial also reduces oxygen levels in the water.
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Tahle 17 Nufrientc in Irricatinn Dicfrirfe

Supply Sou Total Phosphorus 183 N/G N/G 16% N/G N/G
PPy SOUFCE | Nitrate + Nitrite | 109 0% 0% N/G 0% N/G
Return Flow Total Phosphorus 1034 N/G N/G 61% N/G NG
Nitrate -+ Nitrite 875 0% 0% N/G 0% N/G

N/G=No Guideline

CONCLUSIONS ON NUTRIENT CONTAMINATIONS

Based on the guidelines for the protection of aquatic life, nitrogen and phosphorus were significant
contaminants in streams in high and moderate intensity agriculture areas. Phosphorus was a
significant contaminant in small lakes in high intensity agriculture areas, and in irrigation canals.

Nitrate concentrations in groundwater exceeded drinking water quality guidelines only occasionally.
However, specific research projects carried out during the study indicat  that excessive manure
and fertilizer applications are likely to result in unacceptable levels of nitrates in the shallow
groundwater over time. At highrisk are areas with shallow, unconfined aquifers.

High levels of nitrogen and phosphorus in surface waters are a significant problem because they

can cause excessive aquatic plant growth. Decaying plants can cause o:  zen depletion, thereby
impacting the ability of aquatic life forms to survive. The study did not specifically evaluate which
agricultural activity caused the buildup of nutrients in the water. Runoffassociated with livestock

operations and cropping are implicated.
Dissolved phosphorus was found to be a major component of total phosphorus detections in the

surface waters. Dissolved phosphorus is more readily available as a source of plant nutrient than
phosphorus associated with particulate matter, and poses more risk to aquatic life.
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OVERVIEW

The detection of fecal coliforms, a sub-group of the coliform group, may indicate the presence of
fecal contamination. Some species of bacteria in the fecal group will occur naturally in soil and on
vegetation. However, one species within the group, Escherichia coli (E. Coli) is a definite
indicator of the presence of fecal contamination from a warm-blooded animal source.

GROUNDWATER

Ninety-four percent of the 824 wells tested were free of fecal coliform bacteria, and 86% of the
wells were free of both fecal and total coliforms. Total coliforms were detected in 44 (10%) of the
deep wells and 70 (19%) of the shallow wells tested. Fecal coliforms were detected in 11 (2%) of
the deep wells and 19 (5%) of the shallow wells tested. All wells that tested positive for coliform
bacteria were retested. The owners were asked to refrain from drinking the water until the problem
could be resolved.

Ideally, very few coliform bacteria should be present in well water because these organisms require
a nutrient source to survive. These bacteria are generally associated with plant and animal life
processes that do not occur in deep wells, A well with a high coliform count likely has some form
of contamination from sources such as a septic system, the presence of a damaged surface well
seal, vermin having entry into the well, or livestock living too close to the well head. Table 18
summarizes the study results on bacteria in groundwater,

Tahle 18 Racteria in Granndwater {Facal Cnliformes)

Deep Wells 448 2% N/G N/A 0% N/A

Shallow Wells 376 5% N/G N/A 0% N/A
N/G=No Guideline ~N/A=Not Applicable

-77 -



DUGOUTS
Ninety-six (86%) of the 112 dugouts tested in the 1994 pilot study had coliform detections. Of

those 96 dugouts, 68 (71%) exceeded the Canadian Drinking Water Qu ity Guidelines. More
importantly, 76 (68%) of the 112 dugouts had fecal coliform detections, all of which exceeded the

Canadian Drinking Water Guidelines.
The study found that 42% of farmers surveyed did not treat their dugout drinking water, and many

(27%) have never had their water quality tested. Theresults of this survey underscores the
importance for regular testing and continuous treatment of all dugout water used for drinking. Table

19 summarizes the study results on bacteria in dugouts.

Tahle 19. Racteria in Dnennts (Faecal Califarmsd

Pilot Survey 112 68% N/G | N/G 0% 0%

Northern Survey 80 20% N/G N/G 0% 0%
N/G=No Guideline

STREAMS
Fecal coliforms and total enterococct were measured in 25 streams monitored in the survey. In the

high intensity agricultural areas, fecal coliforms and total enterococci were detected in 94% of the
samples. Inthe moderate intensity areas, 100% of the samples contained both fecal coliforms and
total enterococci. For the low intensity areas, fecal coliforms and total enterococci were detected
in 90% of the samples. Table 20 summarizes the study results on bacteria in streams.

Human Drinking Water Guidelines
All fecal coliform detections were above Canadian Water O ity Guidelines for
human drinking water.

Irrigation Water Guidelines
All stream groups (high, moderate and low agricultural intensity) had non-compliant
samples for fecal coliforms and toral enterococci. Fecal coliforms exceeded
Canadian Water Quality Guidelines for irrigation in 23% of — mples from streams
focated in high agriculture intensity areas, 68% of samples from streams in medium
agriculture intensity areas, and 16% of samples from streams in low agriculture
intensity areas.
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The reason for the relatively high exceedence rate for fecal coliforms and total
enferococci in the “‘moderate” streams is unclear, but may be influenced by the
distribution of local livestock operations near the sampling locations.

Recreation Water Guidelines
Fecal coliforms and total enterococci detections in high intensity areas exceeded
Canadian Water Quality Guidelines for recreation in 9% and 38% of samples,
respectively. In moderate intensity areas, 44% of the samples exceeded fecal coliform
guidelines, and 82% exceeded total enterococci guidelines. In low intensity areas
stream detections exceeded fecal coliform and otal enterococci guidelines 6% and
39% of the time, respectively.

Tahle 20} Racteria in Streame

High Fecal Coliform - 32 G949 N/G N/G 25% 9%
Intensity T Enterococci - 32 NG N/G N/G N/G 38%
Moderate Fecal Coliform - 25 100%. N/G N/G 68% 44%,
Intensity T Enterococci - 17 N/G NG N/G N/G 82%
Low Fecal Coliform - 31 30%% N/G N/G 16% 6%
Intensity T Enterococci - 31 N/G N/G N/G N/G 39%,

T.Enterococai=total enterococel

SMALL LAKES
Bacteria sampling was not carried out as part of the lake survey, due to restrictions of time and
resources.
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IRRIGATION CANALS

Monitoring for fecal coliforms was carried out in the irrigation canals mostly at return flow sites,
though some source water sites were also monitored. Monitoring for E. coli was conducted only at
return flow sites. Fecal coliforms were detected in the water 96% of the time, and were nearly
always significantly higher at the return flow locations than in the source water sites. E. coli were
detected in the return flow sites 98% of the time. Table 21 summarizes the study results on bacteria
inirrigation canals.

Human and Livestock Drinking Water
Fecal coliform concentrations in the water which enters the irrigation districts nearly
always exceeded water quality guidelines for human and livestock drinking. Further
deterioration of the water quality occurred as the water moved from the source to the
return flow channel. Daily monitoring from April - October, 1996 of Crowfoot Creek,
which acts as a major return flow channel for the Western Irrigation District,
showed that fecal coliform levels significantly exceeded human and drinking water
guidelines. This study clearly points out the need to treat all surface water which is to
be used for drinking.

Irrigation Water Guidelines
The results from this study indicate that the source water quality for the six irrigation
districts is generally acceptable for irrigation. Fecal coliform guidelines for source
water were exceeded 14% of the time during this study. A very intensive study of
fecal coliform bacteria entering the Eastern Irrigation District indicated that from
1991 to 1994, irrigation guidelines were met 76% of the time.

The frequency of violations of the water quality guidelines for irrigation increased at
the return flow sites, where unused irrigation water flows from the irrigation districts
to the rivers. Fecal coliform guidelines for irrigation were exceeded 33% of the time
at the return flow sites monitored during this study.

Recreation Water Guidelines
Recreational guidelines for fecal coliform bacteria were exceeded 8% of the time in
the source water (water entering an irrigation district). However, guidelines were
exceeded 18% of the time in the return flow water. E.Coli exceeded recreation
guidelines 25% of the time at the return flow sites.

Children commonly swim in irrigation canals during the summer months, and
exceedence of recreation guidelines can be a concern. Given that most of the
exceedences were al the return flow siltes, it is difficult to ascertain whether the risk
Jfor swimming is high in upstream sections of irrigation canals.
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Tahle 21 Ractaria in Irrigation (Canale

Supply Sources Fecal Coliforms - 91 96% N/G N/G 14% 8%
Fecal Coliforms - 407 95% N/G N/G 33% 18%
Return Flows E Coli - 159 N/G NG N/G NG 25%

N/G=No Guideline

CONCLUSIONS ON BACTERIAL CONTAMINATION

Fecal coliform bacteria from agricultural sources are a significant contaminant in surface waters.
They are also a problem under natural conditions, and can be easily and economically treated.

Fecal coliform levels commonly exceeded drinking water guidelines in streams and always
exceeded human drinking water guidelines in irrigation canals, both in source waters and return
flows. Thereisno explanation why the moderate intensity agriculture areas showed higher levels
than the high intensity agriculture areas. It was expected high intensity agricultural areas would
show similar results as the moderate areas.

Source water for irrigation districts usually met irrigation water quality guidelines, but return flows
always exceeded these guidelines. For dugouts, drinking water guidelines were exceeded more
often in southern Alberta than inthe Peace area of northern Alberta.

As has been recognized for some years, fecal coliform contamination of surface waters is
widespread, and results from a variety of sources. While agriculture is a contributor to fecal
coliform contamination, humans and wildlife also contribute to the problem. Health officials have
long recommended all water sources be treated before domestic use. Unfortunately, the study
showed that a significant number of farm families do not test or treat their domestic water supplies
prior to use.
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OVERVIEW

Pesticides commonly used in Alberta were analysed in groundwater (824 wells) and surface water
(27 streams and 25 lakes) locations, representing the diversity of agricultural lands in the province.
In addition, irrigation canals in the St. Mary River Irrigation District (SMRID), Bow River
Irrigation District (BRID) and Western Irrigation District (W1D) were also monitored.

GROUNDWATER

Of the 824 wells sampled, 27 had detectable levels of herbicides. While some of the 27 wells with
detectable concentrations were likely the result of improper handling of herbicides at the wellhead,
63% of these well owners indicated the wells were not used for herbicide spray water. Average
depth and age, and the activities occurring around the wells, were similar in wells where herbicide
detections did not occur and wells with herbicide detections. A possible explanation is that
landscaping or herbicide application to adjacent lawns may have contributed to some of the
detections.

Research carried out in southern and central Alberta shows that herbicides can leach into the
shallow groundwater, particularly into unconfined aquifers, under bothd" "and and irrigation
conditions. It is also important to note that herbicides can leach into the groundwater over an
extended period of time, long after the initial application. The persistence of herbicides in the soil
needs to be further investigated. Table 22 summarizes the study results on herbicide detections in
groundwater.

Human and Livestock Drinking Water Guidelines
The Canadian Water Quality Guidelines have similar Maximum Acceptable
Concentrations (MAC) of pesticides for both human and livestock drinking water.
In this study, of the 27 wells where herbicides were detected, nly three exceeded
existing human and livestock drinking water guidelines. These three wells were
subsequently re-sampled, and no herbicide was detected.

Irrigation Water Guidelines
It this study, pesticide detections seldom exceeded guideline for irrigation water.
Maximum acceptable concentrations (MAC) of herbicides for irrigation water are
generally very low under the Canadian Water Quality Guide 1es. While groundwater
is not used in Alberta for commercial irrigation development, it may be used for
watering domestic and market gardens. It is therefore important to regularly test
irrigation water to determine its snitability for crop watering.
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Tahla 77 Pecticides in CCranndwater

dicamba - 1 0% 0% 0% < 1%
Deep Wells MCPA -5 N/G 0% 0% 0%
448 Samples bromoxyni - 2 0% 0% 0%% < 1%
fenoxaprop - 1 N/G N/G N/G N/G
dicamba - 4 0% %% 0% 1%
MCPA -9 N/G 0% 0% 0%
Shallow Wells | bromoxynil -2 < 1% . < 1% < 1% < 1%
376 Samples 24-D-3 < 1% < 1% 0% 0%
triallate - | 0% %o < 1% N/G
trifluralin - | 0% 0% < 1% N/G

There are no recreation guidelines for pesticides.

DUGOUTS

N/G=No Guideline

Commonly used herbicides were detected in 54 of the 112 dugouts sampled in the 1994 pilot

study and 10 of the 14 dugouts sampled in northern Alberta in 1996. Herbicides detected include
dicamba, MCPA, 2,4-D, picloram, trifluralin and diclofop-methyl.

It is not clear why herbicides are being detected in the dugouts. Most dugouts in northern Alberta

are filled from surface runoff during the spring snowmelt period, suggesting that herbicides are

successfully overwintering in the upper soil profile and being tranported to the dugouts during the

spring. Wind drift during herbicide applications on lawns, gardens and fields may also result in
herbicide movement into adjacent dugouts. Table 23 summarizes the study resuits on herbicide
detections in dugouts.

Human and Livestock Drinking Water Guidelines
The Canadian Water Quality Guidelines have similar Maximum allowable
concentrations (MAC) for herbicides for both human and livestock drinking water.
In this study, none of the herbicides detected in the dugouts exceeded human and
livestock drinking water quality guidelines.

Irrigation Water Guidelines
The pilot project and Northern Alberta project found that dicamba detections
exceeded irrigation guidelines 13% and 26% of the time respectively. MCPA
detections exceeded irrigation guidelines 15% and 21% of the time respectively.
Dugouts in northern Alberta are seldom used for irvigation, though those in the south
can be used for both irrigation and watering of gardens.
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Guidelines for the Protection of Aquatic Life
Canadian Water Quality Guidelines for the Protection of Aquatic Life exist for nine
of the 13 pesticides analyzed. There are no guidelines for fenoxaprop-p-ethyl,
ethalfluralin, carbathiin or imazamethabenz. The absence of guidelines is only an
issue in the assessment of the environmental significance of imazamethabenz
detections, because the three other compounds were not detected.

Among the 96 pesticide detections made in the survey streams, there was only one
detection (lindane) which did not comply with guidelines. The detected concentration
was about five times higher than the recommended guideline.

Irrigation Water Guideline
Canadian Water Quality Guidelines for irrigation exist for four of the thirteen
compounds (dicamba, bromoxynil, MCPA and diclofop-methyl) analyzed in this study.
Guidelines were exceeded by all five of the dicamba detections, 11 of the 17 MCPA
detections and one of the six bromoxynil detections. As there are no irrigation
guidelines for picloram, trifluralin, triallate and lindane, the significance of the
detections cannot be assessed. Except for one dicamba record in an area of
moderate pesticide use, all non-compliance occurred in areas of high pesticide use.

Herbicide detections were more common in streams located in high pesticide use
areas than streams located in moderate and low intensity areas. Most of the streams
sampled in this study are not used for irrigation. However, Crowfoot Creek (east of
Calgary) is used by irrigation farmers in the Western Irrigation District. Water
monitoring in the area during 1996 showed that both MCPA and dicamba exceeded
irrigation guidelines throughout the irrigation season. This is a significant concern.
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Tahle 24. Pecticides in Streams

dicamba - 2 0% 0% 0% 6%
MCPA -9 N/G 0% 0% 25%
2.4-D-12 0% 0% 0% 0%
High bromoxynil - 4 0% 0% 0% < 1%
Intensity picloram - 2 (0% 0% 0% N/G
31 Samples trifluralin - 2 0% 0% 0% N/G
triallate - 6 0% 0% 0% N/G
lindane - 1 0% N/G < 1% N/G
imazamethabenz - 8 N/G N/G 0% N/G
dicamba - 3 0% 0% 0% 6%
Moderate MCPA - 4 N/G 0% 0% 0%
Intensity 2,4-D-10 0% 0% 0% 0%
45 Samples triallate - 2 0% 0% 0% N/G
imazamethabenz - 2 N/G N/G N/G N/G
Low
]ntensity triallate - 1 0% 0% 0% 0%
20 Samples

There are no reereation guidetines [or pesticides,  N/G=No Guideling

SMALL LAKES:

Just over 50% of the 119 samples collected in 1995 and 1996 contained detectable quantities of at
least one pesticide. In almost half of these samples (25% of the total), more than one pesticide
was detected.

Of'the thirteen pesticides analyzed, seven were detected in both years, Overall, 2,4-D and MCPA
were found most commonly, with detection frequencies of 31% and 21%, respectively. Tnallate
and imazamethabenz were detected 11% ofthe time. The remaining pesticides were detected less
than 10% ofthe time. Ethalfluralin, carbathiin, lindane and fenoxaprop-p-ethyl were not detected
in either year.

The data showed that while more detections were made in high pesticide use areas, a substantial
number of detections were made in low pesticide use areas. Triallate, 2.4-D. MCPA, bromoxynil
and picloram were all detected in lakes which drain land with low pesticide use. These detections
may be attributed to long range transport by wind, and deposition through precipitation. Spraying
of roadsides by municipal governments to control weeds may also contribute to detections. Table
25 summarizes the study results on herbicide detections in lakes.
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Protection of Aquatic Life Guidelines
Canadian Water Quality Guidelines for the protection of aquatic life exist for seven
of the eight pesticides delected. All detected concentrations complied with these
guidelines, except for one sample containing triallate.

Irrigation Water Guidelines
For dicamba, all eight detections exceeded the 0.006 ppb guideline. For MCPA, 25
of 26 detections exceeded the lowest guideline value of 0.03 ppb. For bromoxynil,
the 0.35 ppb guideline was exceeded for all four detections.

The implications of these findings are not clear. While most of the monitored lakes
are not used for irrigation, other lakes and standing water bodies in central and
southern Alberta are. At present, irrigation development guidelines do not include
warer quality testing for pesticides as part of the process.

Tahla 78 Pocticidoc in [ akec

dicamba - 8 0% 0% 0% 9%
MCPA - 24 N/G 0% 0% 26%
2.4-D - 30 0% 0% 0% 0%
High bromoxynil - 3 0% 0% 0% < 1%
Intensity picloram - 1 0% 0% 0% N/G
92 Samples trifluralin - 2 0% 0% 0% N/G
triallate - 9 0% 0% 0% N/G
imazamethabenz - 13 N/G N/G N/G N/G
diclofop-methyl - 1 0% 0% 0% 0%
MCPA -2 N/G 0% 0% < 1%
Low 24-D-8 0% 0% 0% 0%
Intensity bromoxynil - 1 0% 0% 0% 0%
27 Samples triallate - 4 0% 0% 0% N/G
picloram - 1 0% 0% 0% N/G

There are no recreation gudelines for pesticides.  N/G=No Guideline
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IRRIGATION CANALS

Herbicides were analysed in the SMRID in 1995 and 1996, the BRID in 1995, and Crowfoot
Creek in the WID in 1996. The number of herbicide detections was much lower in 1996 than in
1995. It appears that in a wetter year, such as 1995, there is a more general release of herbicides
into the irrigation canals and drains through runoff from surrounding fields. Sampling in conjunction
with canal bank spraying at two sites indicated that no herbicides were detected in the canals
during the spraying. Table 26 summarizes the study results on herbicides in irrigation canals.

Human and Livestock Drinking Water Guidelines
Neither human or livestock drinking water guidelines were exceeded in this study.

Guidelines for the Protection of Aquatic Life
Freshwater aguatic life guidelines were exceeded in 1% of the samples. MCPA,
riallate and 2,4-1D were the detected herbicides.

Irrigation Water Guidelines
Irrigation guidelines were exceeded for MCPA and dicamba in all detections.
Although there have been no obvious concerns raised by irrigatior. , armers to date,
these results raise significant concerns about potential crop damage during the
irrigation season .

Tahle 76 Pocticides in Trrigatinn anale

dicamba - 57 0% 0% 0% 33%

MCPA - 57 N/G 0% 1%% 33%

24-D-138 0% 0% 1% 0%

170 bromoxynil - 17 0% 0% 0% 3%
Samples | triallate - 15 0% 0% 1% N/G
diclofop-methyl - 5 0% 0% 0% 0%
fenoxaprop-ethyl - 7 N/G N/G N/G N/G

atrazine - 2 0% 0% 0% 0%

There are no recreation guidelines for pesticides.  N/G=No Guideline,
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CONCLUSIONS ON PESTICIDE CONTAMINATIONS

Pesticides from agricultural sources were not found to be a significant contaminant for human and
livestock drinking water, or for the protection of aquatic life. Two of the 12 herbicides studied,
MCPA and dicamba, frequently exceeded irrigation water quality guidelines in irrigation canals.
These two herbicides were also found to exceed irrigation guidelines to a lesser extent in streams
and small lakes in high intensity agriculture areas. While large-scale irrigation does not generally
use water from these streams and small lakes, the water may be used for market gardens and
farmstead vegetable gardens. The one insecticide studied was not thought problematic.

Very low level herbicide detections were frequently found in many surface waters and some
groundwater. For surface waters, many of the detections were related to spring snowmelt events,
suggesting that herbicide persistence in the soil is longer than originally thought. Specific research
studies conducted in central and southern Alberta clearly show that herbicides can leach into the
shallow groundwater much faster than originally thought. Even soils with high organic matter, such
as those found at the Lacombe Research Centre, allowed applied herbicides to move relatively
rapidly through the soil profile.

The study showed herbicide concentrations were generally higher in irrigation canals than for other
water sources in the province. The exceedence of irrigation water guidelines by irrigation water is
of considerable concern because of potential impacts on crop yields. Herbicide levels in canals
generally increased from upstream to downstream, with maximum levels found at return flow
locations, where the water returned to the river. Water at these locations is seldom used for
irrigation, but may contribute to river water quality degradation.
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