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.-+ Fourteen prairie springs were surveyed from:1991-94 for & suité of 20 herbicides at:
ultratrace.levels of detection: (ppt; ng L") Herbicides were detected at 6 of the springs’
surveyed. All oathc';détgcﬁonsr were less than 1:. L\ All of the springs. originate from
shallow surﬁcial aquifers In most cases, the recharge area is under cultivation with heavy:
herblclde apphcahons Tritium isotope data indicates relatively recent recharge of all these
aquifers. e,

~ A total of 142 spring samples, including replicates, were collected for base/neutral
and acid herbicide analysis. The detection frequency was a modest 23% of samplmollected
However, this would have been reduced to 3% if 1 litre samples had been collected instead
of large volume samples. Detections occurred in 19% of the samples collected. in the
base/neutral herbicide.. class and 26% of samples collected in the acid class, The most |
frequently detected herbxcldes were atrazme (12% of samples collected), plcloram and 2,4-D
(7%), 2,4-DP (dichlorprop), 2,4-DB (4%) and simazine (3%): Atrazine, picloram ard 24D
are among the most commonly detected herbicides in groundwater in North America. Single
detections of triallate, diallate, metolachlor, silvex, MCPB and bromoxynil also occurred.

... Approximately half of the detections wereslightly above the detection limit. The

remainder constituted more substantive occurrences, chiefly.atrazine, picloram and 2,4-DB.

All of the detections were at ultratrace levels (ng L™ ppt). More than 90% of the detections
occurred at 3 of the 14 springs surveyed and half of these ocourred at.one spring, which has
shown repeated detections throughout the entire Study . period. In- spite. of conditions
favourable for herbicide contamination at several of the springs, no herbicides were detected.
Some of the herbicides detected.(notably atrazine and simazine) were not-used on these
aquifers. Their presence demonstrates that short to medium range atmospheric transport and

fallout can contribute to contamination of groundwater.. ... . .. . .
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Herbicide detections were compared with a variety of guidelines for drinking water,




found were several orders of magnitude below fkn0m"§mdeﬁne§ﬁfd ' héalth, agncultureor
aquatic life. Altticugh herbicides do eter.shallow praitie aquifers:via infiltration;igénerally

the. concentrations:are-only- at ultratrace levéls (ppt; the.
herbicides:found:do not presenta
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RESUME

Entre 1991 et. 1994, nous avons mesuré la concentration de 20 herbicides au niveau
des ultratraces (ppt; ng.L") dans 14 sources des Prairies. La présence d'herbicides a été
détectée dans 6 de ces sources. Dans tous les cas, la concentration était inférieure 4 1 pg.L™".
~ Toutes les som sont alimentées par des gisemerits aquiféres superficiels. Dans la plupart
des cas, la zone d'ahmentanon est située dans des terres cultivées et traitées massivement aux

herbicides. Lés relevés isotopiques au tritium indiquent que ces tous ces gisements se sont
rechargés assez récemment.

Au total, 142 échantillons d'eau de source, ce qui comprendlw prélévementsrépétés,
ont été ﬁrélevés.en vue du dosage d'herbicides basiques, neutres et acides. La fréquence de
détection n'a pas.dépassé ies 23 % du nombre total d'échantillons, ce qui est déja modeste.
Cependant, le pourcentage serait passe & 3 % si nous avions prélevé des échantillons de
1 litre d'eau phutét que des échantillons de grand volume.Nous avons détecté des herbicides
basiques ou neutres dans 19 % des échantﬂlons et des herbicides acides dans 26 %.
L'atrazine (12 % des éch.), le plcloram etle 2,4-D (7 %), le 2,4-DP (dichlorpop), le 2 4-DB
(4 %) et la simazine (3 %) ont été les herbxcl,d_esv le plus souvgnt détectés L'atrazine, le
picloram et le 2,4-D son't-_patnii les herbicides le plus cominﬂnéme‘nt détectés dans les
gisements d'eau souterraine en Amérique du Nord. Nous avons aussi détecté une fois chacun
le triallate, le diallate, le métolachlor, le silvex, le MCPB et le bromoxynil. ”

Environ 'l"a moitié des concentrations niesu’rées dépassait 1égérement la limite de
détection. Le reste était plus niotable ét les herblcxdes détectés alors étaient surtout l'au'azme,
le picloram et le 2,4-DB. ' Dans tous les cas, la concentration mesurée était de l'ordre des
ultratraces (ppt; ng.L™). Plus de 90 % des cas de détection d'herblcldes ont été observés dans
3 des 14 sources examinées, la moitié dans une seule, ou des herblcldes ont été constamment
détectés pendant le temps qu'a duré I'étude. Aucun herbicide n'a été détecté a plﬁsieurs des
sources malgré des conditions rendant probable leur ﬂétectioh. Certains des herbicides



détectés (notamment l'atrazine et la simazine) n'étaient pas utilisés au-dessus de ces
aquiféres. Leur présence est la démonstration d'un transport atmosphérique & moyenne ou
longue distance et du fait que les retombées peuvent étre sources de contamination de l'eau

souterraine.

Les concentrations mesurées ont été comparées a différentes directives applicables
a la qualité de I'eau de consommation humaine, de consommation par les animaux d'élevage
et d'irrigation ainsi qu'a la qualité de I'eau pour les organismes aquatiques. Ces directives ont
- été émises par le gouvernement fédéral et ceux des provinces, par 'Organisation mondiale
de la santé et I'U.S. Environmental Protection Agency. Les concentrations mesurées sont de
plusieurs ordres de grandeur inférieures aux normes sanitaires, agricoles ou relatives aux
organismes aquatiques. Méme si les herbicides contaminent effectivement les nappes

aquiféres superficielles des Prairies par infiltration, il demeure que les concentrations

© mesurées sont de l'ordre des ultratraces (ppt ngL” ‘) A ces concentratlons ces traces

| d'herbicides ne présentent pas de danger appnémable pour la santé humame, pour l'agnculture

~ ou pour les organismes aquatiques.
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INTRODUCTION o

Innn-ala:easofthe Canadmannes,waterforhlmanandhveemckconsmnpuomstakenpnmarﬂy ‘
from groundwater sources. Frequently, the water for local consumption, such as farm households
and livestock; originates:from natural springs issuing from small surficial aquifers‘in shallow'sand”
or gravel deposits.-Many of these surficial: deposits®occur: in: agricultural lands: where: local"
applications of herbicides are heavyand therefore, there is some potential:for shallow groundwater :
contamination:’ ’Iherelseoneemforthequahtyoftheeewatersomeee,asthlsmaypresentapmblem:v
for local consumptive use. To'address this concern, asmveywasnmdertakenm 1991 -1994 to assess {
occurrence and levels of herbicide eontammanon of natnral prame spnngs used as inking water, :
sources for humans and livestock. - L g VDT e lntes st

There are no pubhshed studies of herbicide contamination of natural springs in Canada or the United
States, although there is voluminous infoimation available on contamination of wells and/or shallow:
- groundwater by herbicides and pesticides (USEPA;'1992; USEPA, 1990; Ritter, 1988; Léonard et:
al., 1988; Koterba et:al., 1993; Smith;-1988; Cavalier et al:; 1989; Jayachandran et-al:; 1994;

Agnculture Canada, 1991; Maathuis et al.; 1988; Library of Congress;, 1983) Contamination can':
occtir by either of two routes: (1) Application of herbicides to the land:surface with infiltration and::
eventual-entrainmeént in'the’ aquifer. (2) Direct contamination: wells as:a:result: of handling: and::

- +-washing of’ eqmpment near well sites; or surface runoff directly entering:wells or:infiltration along:

well casings:. "The distinction between the two pathways is:important because: contammatmn by the':
latter route can be prevented with appropriate attenition given to handlmg practlces C ontammanon
by the former:route'is a function of soil:and herbicide propertie :

Annnportantreasonforusmgnatural spnngs’mthlsstudyratherthanman ~made wells; mthatans

pesticide contamination:of these springs which does-occur must bé:the ‘fesult-of application; and:
: mﬁltratnon and entramment in‘ the aquer There were nev wellsfapparent‘on any of the aquers
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years), by inference, must be a result of handling or washing of equipment near wells or,
alternatively, surface runoff directly entering the well or well casing. Isotopes such as tritium can
be used as a confirmatory tool to exclude this possibility. ‘

This investigation of springs is unique in two respects. (1) It is the first study in Canada and North
America of herbicides in natural springs which originate from very small shallow surficial aquifers.
(2) It is the first survey of groundwaters in Canada for herbicides using the enhanced levels of
detection (nanograms/litre, parts per trillion) provided by large- sample extraction technology.
Previous surveys of groundwater have relied upon 1 litre samples, providing micrograms/litre levels
(ppb) of detection.

BACKGROUND
Tn_'itium Dating_

Since information concerning the location of springs draining small surficial aquifers is not generally
available in the literature, this was obtained by questioning a large number of local sources. An
inventory of 27 spring sites was compiled and investigated (Figure 1). All of the springs were
sampled for general water chemistry characteristics including conductance, temperature, total
dissolved solids, major ions, nutrients (mtrogen and phosphorous), trace metals and tritium.

The primary criterion for screening spnngs as candldates for herblclde contamination was the age
of the groundwater based on tritium activities. Tritium (*H) activities Wefe obtained by a Canberra
Packard 2260XL liquid scintillation counter, at the Alberta Environmental Centre, Environmental
Isotopes Section, Vegreville, Alberta. Electrolytic tritium enrichment by a factor of 18 was utilized
to enhance detection (Arnold, 1994). Activity levels are reported as tritium activity units (TU), where
1 TU = 7.2 decays/minute/litre = 0.1183 Bq L = 3.2 pCi L. 1 TU corresponds to a ratio of 10"
tritium atoms to 1 atom of stable hydrogen. The detection limit depends upon background radiation
levels, which vary, and is approximately 0.5 TU (Amold 1994). Tritium levels were regarded as "not
distinguishable from background radiation levels at 2 standard deviations of the limit of
detection"(Amnold, 1994). There was close agreement in reported tritium levels between replicate
samples taken from several springs (within 7%).

Tritium levels in northern hemisphere precipitation increased rapidly in the years following the
commencement of thermonuclear testing in 1952. Levels reached a peak of over 10,000 TU in
Canadian precipitation in 1963 following massive Soviet tests in 1961 and 1962 (IAEA, 1969;
Oklahoma Geological Survey Observatory, 1994). Tritium levels declined after the moratorium on
atmospheric testing in 1963 although atmospheric tests by France and China continued until 1974
and 1980, respectively (Oklahoma Geological Survey Observatory, 1994). Levels reported in
rainwater at Wynard Saskatchewan, in the late 1970's and early 1980's generally ranged between 20
and 60 TU, although levels as low as 7 TU and as high as 173 TU have been recorded (IAEA, 1983,
1986). This station was closed in 1982 and ¢urrent levels are no longer available.




Tworamwatersampleswereoollectedmkegmadunngthlssmdyandthemnumlevelswere204 4

TU mAﬁgust 1991 and97 TUm October 1992 (Flgure 2) leenahalf-hfe of 12: 3 yeaxs, and the

ageS"iﬁ groundwater woufd be.reduced by a~factor of- 1 7.




Ion Chemistry

Water samples were collected for major ions and nutrients, including nitrogen and phosphorous.
Total dissolved solids (TDS) computed as the sum of the-major cation and anion concentrations
(¥ Ca+Mg+Na+K+Cl+SO+CO,+HCO;) in mg/L are shown in Table 1. A conductance measurement
was also made at each site. These supplemental data assisted in determining the residence time of
the water and whether the water originated from a surface aquifer or from a deeper source. Lower -
conductance and TDS concentrations generally indicate shorter residence times of the water. The
springs with elevated bomb tritium had TDS concentrations below 900 mg/L and conductance less
than 1400 xS cm™. The only exceptions were Outlook South and Outlook North: Higher
conductance and TDS concentrations at these sites can be attributed to the fact that they are tile
drainage outlets in previously saline soils, with a relatively recent history of flushing (since 1979).
With natural springs, prolonged flushing has removed much of the soluble material. At the Outlook
sites, although soluble solid levels have declined to a point where cash crops can be grown, evidently
some ﬂushmg of soluble solids is still occurring.

The remaining springs with older water (less than 1TU), tended to be brackish. ngher conductance
and TDS concentrations indicate deeper aquifers with longer residence times. The highest levels
occurred at Nokomis and Oxbow, which are biried wellheads tapping deeper aquifers, rather than
* natural springs. Exceptions occurred at Radisson, Wolseley and Craven. The lower conductance and
TDS concentrations observed at these sites suggests that although these aquifers are probably
. surficial they probably drain larger areas, and therefore;, residence times for the water is much longer.

A trilinear plot of the major ion composition in meq L™ is shown in Figure 3. The springs are
classified according to ionic dominance in Table 1. Note that at the pH found in these groundwaters
~ (near neutral), CO,+HCO, = HCO, Without exception all of the 14 springs characterized by younger
"bomb" tritium enriched water are Ca+Mg dominant (greater than 50% Ca+Mg). The majority of
these are also CO,+HCO, dominant, although three springs are SO,+Cl dominant. Na+K dominance
in the prairies tends to be characteristic of deeper aquifers. Na+K dominance occurred at half of the
sites with older "pre-bomb" aged water. The remaining older springs were Ca+Mg dominant,
suggesting perhaps that these aquifers are surficial but travel times are longer. v

Physical Description

The springs investigated for herbicides originate either as (1) contact springs, in which a highly
permeable overburden of sand or gravel overlies glacial till of much lower permeability; or as (2)
depression springs occurring at a break in slope or change in surface topography, usually near the
head of a small gully. Most of the springs occurred in areas identified by Agriculture Canada as
"vulnerable to groundwater contamination" due to shallow depth to the water table (McRae, 1991).
Generally these are shallow surficial deposits of sand or gravel, which are glacio-fluvial, glacio-
lacustnne or eohan in ongm, remammg ﬁ'om Pleistocene glac1at10n In most cases, the aquifer
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deposits. Flow at all of the springs was continuous throughout the year, although, in some cases,
flow rates showed some tendency to decline slightly toward late summer indicating shorter residence
times (van der Kamp 1995a). Detailed site descriptions and georeference inforfnation for all of the
spring sites investigated is presented in the Appendlx at the back of this report. -

In most cases the springs are tapped as a drmkmg water supply, and the source is usually protected
by a short length of metal or PVC pipe. In a few cases, the springs were not tapped (eg. Broderick
East, Broderick West, Antelope Lake, Dundurn) and issue directly from the ground. At each spring,
a visual survey was made of the area to ensure that there are no well sites within the surficial
boundaries of the aquer Where possible, mformanon was also oompxled on the herblcldes apphed
each year.

Two of the 15 sites investigated for herb1c1des were not natural springs (Outlook North and Outlook
South, Figure 1). These are tile drain outlets from irrigated fields at an experimental research plot.
These two sites were selected because there is detailed information on the amount of water and
herbicide added each year. Tiles are located at 3 meters depth in several acres of land, the drainage
network simulating a shallow aquifer. Water samples were collected at the drainage outlets.

METHODS
Sample Collection and Handling

Water samples for herbicide extraction and analysis were collected in October of 1991, October 1992,
and August, 1993 at the 14 locations indicated in Table 1. Additional sampling at 4 sites (Outlook
North, Outlook South, Aritelope Lake and Carnduff) was carried out in November, 1993 and March,
June and October, 1994. Sample extracts were analyzed at Environment Canada's National Laboratory
for Environmental Testing (NLET), in Burlington, Ontario. A total of 142 spring samples were
collected to October 1994 and analyzed for herbicides, including 28 replicates for QA/QC purposes.

Replicate samples were analyzed by Envirotest, in Edmonton, in 1991-92 using similar methods. This
was discontinued in 1993-94 in favour of sendmg rephcates separately to NLET as a cost saving
measure. .

The study initially included sampling for a suite of 19 organochlorine insecticides, chlorobenzenes and
total polychlorinated biphenyls (PCB's) (Table 2). This was targeted primarily at endrin, toxaphene
and chlordane which were used in the prairies well into the 1980's, as well as lindane and
methoxychlor which are still in use. Since there were no detectlons in this category of analytes
sampling was dlscontmued after 1991.

The primary focus of the study was on the base/neutral and acid herblcxde classes (Table 3). A list of
the analytes is provided in Table 3. The list includes seven of the top ten most commonly used
herbicides in Saskatchewan (Constable and Bhardia, 1990; Agnculture Canada, 1993). The acid and
base/neutral distinction is based partly on analytlcal convemence for reporting purposes rather than
on the actual chemistry.
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The base/neutral-herbicides-are. extractéd -at :ambient;pH.: This class includes'a wide:diversity in
functional -chemistry; which: shares the ‘property-only.iof:béing. neutral ‘or slightly basic.: The term-
neutraldoes’not necessarily:imply a:sufficient degree-of hydrophobicity for effective recovery:by.
solvent extraction. Neutral compounds may. possess a significarit:polarity:making recovery:by solvent
extraction less effective. (Foster et.al, 1991, Agemian and Chaiy,»1977;:Anthony-and Wood, 1993)
-Thls -group.:includes: herbicides. in the.triazine;: thiocarbamate, arylcarbamate and dinitroanline
phenoxyproplomc ester classes.- i o

The acld herbicide:class is.diverse.i in.its propertnes sharing the: p_;‘ nary eharactcnstlc of possessmg one
.or.more phenoxyalkanoate functional.groups capable of bemg;denvatxzed for. sensitive determination.
- by estenfxeatlon with- electron capture detector-sensrhve substlments (Anthony and Wood, 1993) ThlS

water sample were: obtatnedyforgthe acld and thy hase/neutral herbnclde analyses At some locattons,
sample collection was by direct. ﬁllmg at the spring. At othe sites thts was not poss'ble and the water
- was pumped via solvent cleaned teflon tubmg A small amount of solvent, 4 mL dlchloromethane per-
4 L.bottle- (less than saturatlon) was, dlssolved in each sample at the time of collectlon as a
preservatxve. ThIS enhances consxderably the recovery. of the. acid. herbxcndes Water. samples were

transported to the Iaborato wherethey were stored at 4°C.in the dark until extxactlon, usually within

.ng L‘l (ppt) levels and lower, for vanous classes of sem1-volat11e o gamc contammants (Anthony and
Wood, 1993 Anthony, 1994 ‘Wood a and Anthony, 1995) The apparatus was modlﬁed from the

enhances .conmderably the t'ecovene of the: ac1d herbxcldes .
Pnor to each;extractlon, grmmdwater from! four bottles (4 23 L each)"lls composxted mto a smgle 20
L pyrex carboy, thereby constltutmg a smgle water sample of 16 9 htres from each sxte The

’
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base/neutral herbicides are extracted from the first sample at ambient pH. The pH is measured and
recorded at the time of extraction. For the acid extraction the second spring sample is acidified to pH
1.8:(+/-0.1) with concentrated H,SO,. The required acid addition is determined by titration of a 500
mL aliquot of springwater. Acidified water samples are continuously stifred during the extraction. The
pH of the extracted effluent is measured to ensure the sample is at the desired value. - s

Water samples are pumped from the carboy to the extractor at a precisely metered rate of 0.50 Litres
min™. Initially, the sample was filtered through a "binder-free", 500 C baked, 0.7um nominal pore
diameter, triple solvent-rinsed, glass fibre filter in a stainless steel filter holder: However, filtration was
discontinued after 1991, as there was no significant residue found from any of the springs. The
refridgerated sample is warmed to 22°C by a fused silica Lieater.located in‘a glass heating chamber
(Figure 4). Methanol solution of surrogates or standard-additions for recovery assessment is metered
into the sample at the inlet port to the glass mixing chamber, to minimize volatility and sorption losses.
The mixing chamber is initially charged with 300 mL of dichloromethane. The water/solvent matrix
is emulsified by a'4 bladed turbine type propeller, driven by a constant torque stifrer. Larger solvent
drops settle out in the first and second settling chambers. Small solvent droplets are collected in the
effluent scrubber column packed with teflon "Raschig" rings located in the upper part of the second
settling chamber. Dichloromethane is added at a precisé rate at the top of the scrubber column to make
. up for the rate at which it is lost by dissolution in'water (1.3% by. volume): The water sample then
passes through a:second extractor body identical to the first and then & 1 Litre glass separator trap
which captures ‘ariy fine droplets escaping the second: extractor: body" (ideally none)." After the
extraction is completed, solvent from both extractor bodies and the trap (approximately 600 mL) is
collected in 1 Litre amber glass jars and stored at 4°C in the dark until analysis. R I

All liquids used in the extraction -pmcess'(inciudmg_ ing water, dichloromethane, and methanol) come in

- contact only with precleaned glass, teflon, stainless steel (pump-head‘and ports) and ceramic surfacés
(pumip piston). These surfaces are thoroughly rinsed with distilled water; acetone and dichloromethane
prior to each extraction. The solverits used; dichloromethane, acétone and methanol are Burdick and
Jackson "high purity pesticide-grade": The 4L groundwater sample bottles and the 1 L extract storage
jars are Eagle-Picher amber : glass 'with' teflon - liners: ‘These- are- triple rinsed in acetone and
dichloromethane- prior to'use. The sample bottles; the extract storage bottles, the solvents and the
distilled rinse'water weré subjected to QC analysis on several occasions and no herbicide residues. were
ever detected e L JER FEI R T Wheo tewient Lo Yoo S

Throughout' the' study latge sample blariks were routinely extracted, Ten "blank" ‘samples-were

obtained from the sprifigs at Nokomis and Wolseley. No analytes were detected: The significant age

to these waters preclides any possibility of herbicide occurrences. - Distilled water blanks were also
extracted routinely using the laboratory water supply which.is filtered for organics removal. Again
there were no detections. This was done to ensure that there was no pesticide residize carry-over in the
glassware from successive extractions or residues in the laboratory water supply which was used for




Analytical Methods

For the base/neutral herbicides the dichloromethane extract is first dried using anhydrous sodium
sulphate and then solverit-exchanged into iso-octane and reduced to 3 mL.by rotary evaporation under
vacuum. Clean-up of the iso-octane extract is done by elution on a packed chromatographic florisil
column (10% deactivated). The extract is fractionated by elution of the column using
dichloromethane/hexane (15:85) and methanol/dichloromethane (2:98) solutions. This separates the
extract into a trifluralin and triallate fraction and a barban, endaven, dichlofop-methyl, atrazine, and
metolachlor fraction, The two concentrates resulting from fractionation are then twice rinsed with iso-
octane and reduced to 1 mL under nitrogen. Analysis of the final iso-octane concentrates is done by
gas chromatography on HP-5890 dual DB-1 and DB-5 capillary columns (30 m, 0.25 mm ID, 25 m
film thickness), equipped with dual electron capture detectors and a split/splitless injection system. The
column head pressure is 15 psi with hydrogen as the carrier gas, at a flow rate of 2.5 mL min™. The
detector make=up gas is 5% methane in argon at a flow rate of 30 mL min’. This procedure is used to
detect all of the neutral herbicide analytes except atrazine and metalochlor. Chromatographic
separation is temperature-programmed starting at an initial column temperature of 80°C, holding for
2 minutes, then ramped to 260°C at € C mih with a final hold for 8 minutes. Atrazine and
metolachlor are determined using a HP-5890 split injection, single column (DB-1 7) gas chromatograph
equipped with a nitrogen/phosphorous detector. The chromatograph is temperature-programmed from
an initial temperature of 80°C, with a 2 minute hold, to 140°C at 20°C mint’ for the first ramp, and
140°C to 260°C at 4°C min"! with a final hold of 8 minutes at 260°C. The detector gases are hydrogen
and air at a flow rate of 3.8 mL min” and 120 mL min®, respectively. Helium is used as the carrier gas
at 2 mL min™ flow, with column head pressure of 15 psi. '
The acid herbicide extracts are concentrated by rotary evaporation with solvent- exchange into acetone.
The tesidue is then derivatized by reacting with 4.0 mL of 5% (w/v) pentafluorobenzyl bromide in
acetone and 30 pL of 30% potassium carbonate K,CO; in water to form the corresponding
pentafluorobenzy! esters. The extract containing the herbicide esters is roto-evaporated and then dried
with anhydrous sodium sulphate and cleaned on a 5% deactivated silica gel column. The concentrate
is fractionated by sequential elutions of the column with 5% methanol in toluene and 75% toluene in
hexane. This separates the concentrate into a fraction containing the pentafluorobenzyl ester of
picloram and a second fraction containing pentafluorobenzy! esters of all the other acid herbicides (see
Table 3). The final iso-octane concentrates are analyzed by a HP-5890 gas chromatograph with dual
DB-1 and DB-5 capillary columns (30 i, 0.25 mm ID, 25 ym film thickness), equipped with dual
electron capture detectors and a split/splitless injection system. Hydrogen is used as the carrier gas at
a column head pressure of 15 psi, with 5% methane in argon as the make-up gas. The apparatus is
. temperature-programmed from an initial temperature of 80°C, holding for 2 minutes, ramping to 200°C
at 15°C min”, followed by a second ramp from 200°C to 260°C at 5°C min" with a ten minute hold at
260°C. ~

A Hewlett-Packard 5871 GC-mass seiécti\ie quadrupole, 70eV, mass analyzer and a negative ion
chemical ionization VG TRIBRID high resolution mass spectrometer were used for confirmation of -
the neutral and acidic category herbicides. Confirmation was obtained when herbicide detections were

»
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of sufficient magnitude to permit use of these instruments. In some cases, several samples with very.
low analyte detections on the gas chromatograph were composited to brmg the analyte concentratlon
up toa sufﬁcrent level for mass spectrometer 1dent1ﬁcatron
Analysrs of the dlchloromethane extracts was carned out at Envuonment Canada s Natlonal Laboratory
for Environmental Testing (NLET) in Burlington, Ontario. Replicate samples.were analyzed (1991-92)
by Envirotest Laboratories, Edmonton Alberta by.gas chromatograph equipped with mass selective
. detector. Envirotests detection limits were somewhat higher than the values given in Table 3. '
RESULTS
Herblcrde Detections

Analyte detectlons in spnngs and summary statrstxcs are shown in Table 4 Detectlons occun'ed in‘ 23%

of the 114 spring samples analyzed from 14 locations :(not mcludmg replicates). All of the detections . .

were less than 1 z L. In the base/neutral category, there were 11 detections, or 19% of 59 samples
analyzed (excluding replicates). All of these occurred at 2 sites. In the acidic category, there were 15
detections; or 26% of 58 samples.analyzed: ' These. occurred:at 6 locations. The detection frequency of
.individual analytes ranged between 2% and 12%.in the base/neutral class of analytes,.and 2%.and. 7%
in the acid class (Table 4). Erght of the detectrons (30%) were conﬁrmed by elther mass selectrve
detector or high resolution mass spectrometer mdrcated by § on Table 4.The remalnder were 100 low
in concentration: for these techmques to be: apphed ‘Many of the detections were. only slightly above
the detection limit. Examples include 2,4-D. at Dundum and Beaver Creek and trlallate at Carnduff
and24-DBand24-DPat0utlookNorth. e B TR e e . :

Tt 5 ,~, i

Multlple herblclde detectlons occurred at 3 spnngs (Camduﬁ', l 1 detectlons, Antelope Lake, 6
detections and Outlook North, 4 detections). The detections at:CarndufT were observed throughout the'
study (1991-94) whereas, at the latter two sites; all but:two. of the detections- occurred in1991.:At.
Carnduff, the detections included a spectrum of both base/neutral and acid herbicides. At:Antelope
Lake most of the analytes demcted were eutral herblcrdes At.Outlook North only acid herbicrdes
were detected.. o E S S : Lo

Ten of the. ’detectlons were occurred m; 1991 whlle the rematmng 16 were spread out over the
remainder of the study penod, 1992-94: A possrble explanatron for the hxgher detection frequency in
1991 is that this wasa relatively wet year; The mean annual precipitation at the 'eteorologlcal stations.
nearest to the springs in Table 4 was 542 mm m-«l’99l compared to 348 mm in'1992 'and 455 mm:in
1993. Dtmngwetyears,therechargeofthese‘ mmcreasedandpesncldempusareaccordmgly
higher.. Precrprtatlon events contmmng pesticide residues may show up qulckly in the spring if there
is significant infiltration of the water and recharge near the spring. The travel time of thts water to the
spring would be relatrvely short, w1thm a few weeks or months Tk R S e

A'total of 28 repllcate samples (25% of the total) were ‘analyzed in the base/neutral -and'the acidic
herbicide classes; 14 in -each: class (Table:4). Detectioris in replicate:samples occurred:on.four
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occasions at Carnduff in the base/neutral herbicide class, and on one occasion each at Outlook North
and at Carnduff in the acid herbicide class. Detections were not always confirmed by a corresponding
detection in a replicate sample (column Ry, Table 4). In:most instances, this occurred when the
reported concentration was slightly above the NLET detection limit and the replicate sample was
analyzed by Envirotest. The apparent discrepancy can be attributed to:methodological differences
between the two laboratories. Envirotest tised a mass selective detector coupled with a gas
chromatograph for all of their analyses. Their detection limit wasaccordingly higher than the values
given in Table 3. Hence, a marginal detection re'po‘rted by NLET would not be detected by Envirotest.

Several sites, including Broderick East, Delmas and Outlook South appesred to be hkely candidates
for herbicide contamination because herbicides are heavily used on these aquifers. However; in spite
of this, no analytes were detected at these springs. The conditions at Qutlook South are very similar,
to Outlook North. Several acid herbicides were detected, at the latter site but not the former although
the two sites are only 1-2 kilometers apart. A possible explanation is that most of the herbicides
detected at Outlook North were only slightly above the detection limit. Minor differences between the
two sites ' may have been enough to reduce herbicide concentrations below the detection limit at
Outlook South. .

In cont'ras‘t to the above, some detections occurred at sites which appeared to be ﬁnlik‘ely candidates

... for herbicide contamination. At Beaver Creek Camp and Dundurn, in particular,.the surface of these

aquifers is primarily woodlots and the nearest herbicide applications are some distance beyond the
apparent boundaries of these aquifers. The detections at these sites (2,4-D) may have originated from
atmospheric fallout on these aquifers following spray drift from applications in neighbouring areas.

Further evidence for atmospheric transport and fallout as a source of aquifer contamination is given
by the atrazine and simazine detections at Antelope Lake and the repeated atrazine detections at
Carnduff. Since these herbicides are not used anywhere in the vicinity of these aquifers, atmospheric
fallout as aerosols, dry deposition, or as precipitation from neighbouring areas, or perhaps even further
away, is the most likely source of contamination. Atrazine is used in small amounts in Saskatchewan,
primarily for suppression of grasses. Although it is used as a corn herbicide and on certain varieties
of canola (triazine tolerant rapeseed) these applications are relatively rare in Saskatchewan. There are
numerous reports in the literature of atrazine occurrences both in North America and Europe, far from
the source of application (Eisenreich and Strachan, 1992; Muir 1991; Buser, 1990). Hill (1995)
reported the ubiquitous nature of low levels of atrazine-in shallow groundwater wells in southern
Alberta in areas where it is not used. Studies of a large number of wells in the United States also found |
atrazine to be the most frequently detected herbicide primarily because of it's per51stence in the
environment and moblllty in soil (Ritter, 1990; USEPA, 1992)

Significance of Detections

Analyte detections are compared with Canadian Water Quality Guidelines for drinking water,
livestock watering, irrigation and aquatic life, as well as World Health organization guidelines for
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drinking water and U.S. Environmental Protection Agency lifetime health advisories and other
guidelines for groundwater and irrigation (CCREM; 1987; WHO, 1993; USEPA: 1989; OME 1989;
OME, 1984; NACA, 1985). The Saskatchewan Municipal-drinkirig water guideline for pesticide:
residues is zero (SEPA,:1991). Apart from the Saskatchewan zero tolerance guideline; there was not
a single: exceedance of ‘any of the above guidelines. The: fnaximim detectable residues:in
springwaters ranged from 2:to 5 orders of magnitude lower than the most sensitive guideline (Table:
5): The only exceptions were the larger picloram detections at Carnduff. However,; thesé were still.
less than any known guideline, including the Ontario guideline for irrigation. In summary, none of
. the herbicide occurrences ‘appear to be a concern’with respect to  current guidelines for health of

agriculture or aquatic life. + « " S P on e

To place the level of analyte detections in these shallow prairie aguifers in perspective; springwater
appears to be relatively "clean" in comparison with surface water: The;concentrations’ detécted and
the frequéncy of detection is low compared to the concentrations commonly detected in most prairie:
surface waters. A recent summary of selected acid and base/neutral herbicide. detections from-5000:
samples of prairie surface waters shows detection frequencies of 40% for 2,4-D, 9% for 2,4,5-T; 5%
for atrazine and MCPA; 1-5% for 2,4-DP; 2,4-DB; picloram ‘and-triallate and 0.3:1%. for: the:
remaining base/neutral and acid herbicide analytes listed in Table 3 (Integrated Environments, 1991):
Although these detection frequenciesare not particularly high they were obtained tising 1 litre water.
samples. Detection: limits were one to two orders of ‘maghitudé:or-more-higher; than the detection:
limits ‘applicable to this study.(Table: 3).: At the 1-litre:level of detéction; the:overall: detection.

frequency in our springs would have been reduced from'23% to 3%: The only analytes which'would. -

have been detected in our springs are the single 2,4-DB and three picloram detections (all at
Carnduff). Base/neutral detections would decrease from:19% to 0% and ‘acid-detections from 26%
10 7%: v twl w s fme e e By

COmparisoxi»To ‘Other Studles R

1

Our study:of springs shows similarities in:the"herbicides detected and frequericy of detection

compared to other groundwater surveys-for herbicides: in- the:United States:and Canada: Ritter.
(1990), in a review of the literature on gréﬂndWater*conmminaﬁén*by ‘pesticides in the U.S.; found
atrazine and alachlor to be the most frequently detected herbicides followed by other s-triazine

herbicides, metolachlor and trifluralin. In a national survey of 68,000 wells:throughout the United:

States the most frequently detected herbicides were atrazine (6.8%), picloram (2.5%), 2,4-D (2.3%),
dicamba(2.3%), simazine: (2.2%), cyanazine:(2.1%);: alachlor (2.0%),. trifluralin (1.0%) and
metolachor (1.0%), (USEPA; 1992). Thé most frequéntly:detected herbicidés atrazi né; picloram and'
2,4-D'are also the three most frequently dete¢ted herbicidesiti our study of springs; Thé detectiol
frequencies of these herbicides in our springs afe t oughly twice those- in: the U.S  well survey;

presumably because of our low detection limits.:A few analytes; such:as dialla ate and MCPB were ,

several hundred wells, -+

AL e AT S

detected in our Spnngswhxchwere not detected in the U.S: well study despite a. sample size' of
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With respect to guidelines, other studies in the Canadian'prairies by Miller et al. (1992) and Hill et
al. (1994) have also found most herbicide concentrations in shallow groundwater wells are well
below Canadian Water Quality Guidelines, similar to our springs. They applied herbicides including
dichlofop-methyl, bromoxynil, MCPA, triallate and 2;4-D to a-number of plots above shallow
groundwater in southern Alberta. They found overall detection frequencies of 28% of water table
samples collected from wells, and 37% of samples frorn tile drain.effluent. Mass balance estimates
indicate that approximately 0.0003%-0.002% of herbicide applied is recovered in drain effluent.
Despite modest detection frequencies, the levels detected were generally well below Canadian Water
Quality Guidelines. Most of the detections (79%) were less than 5000 ng L™, and generally in the
fange of a few tens to hundreds of ng L' . However, the concentrations detected were several orders
of magnitude greater than the levels detected in our springs. Similar findings were also obtained in
another study in Saskatchewan by (Maathuis et al., 1988). The detection limits in both these studies
was dbouttwo orders of magnitude higher than the limits applicable to this study. If the detection
levels in these studies had been similar to our study of springs, it is likely that their detection
frequencies would have been considerably higher. The higher magnitude and frequency of their
detections compared to our springs can be attributed to the fact that their samples were taken from
the water table. However, water table samples are not necessarily good indicators of overall aquifer
contamination. There is also the possibility of water table contamination by direct entry into wells.
In cases where direct entry can be ruled out, water table samples are indicators of vadose zone
contamination. -Significant attenuation of herbicides can occur through adsorptive, microbial and
other losses as the water moves deeper into the aquifer. The concentrations found in our spring
suggest that these losses are rapid and that aquifer contamination is relatively minor. - - -~

Although many surveys of herbicide contamination of wells have found modest contamination of
the water table, agreement on this point is not universal. For example, the modest detection
frequencies of the above mentioned well studies in the United States and Alberta are in stark contrast
to the findings of another survey by Agriculture Canada (1991). This survey of shallow groundwater
wells was carried out in areas of Alberta and Manitoba identified as highly vulnerable to pesticide
penetration (Agriculture Canada, 1991). Analysis included many of the herbicides listed in Table
3 at the ug L (ppb) level of detection. In Alberta three detections were found in 177 wells sampled
and in Manitoba, there was only one detection from 186 wells sampled.

Other Considerations

Studies such as Miller et al. (1992) demonstrate that herbicide detection frequencies are consistent
with the predicted mobility of the herbicide. Most of the herbicides detected in our survey have
"moderate" to "high" leaching potential. However, there were a few exceptions. We used an index
of leaching potential defined by Gustafson (1989). This index was used by Agriculture Canada in
their national assessment of areas vulnerable to groundwater contamination by pesticides (McRae,
1991). The index is based on the partition coefficient between soil organic carbon and water, K.
and the half-life of the pesticide in soil, T,, (Gustafson, 1989). The groundwater ubiquity value
(GUS) describes a hyperbolic transition zone of log T, versus log K, separating "leachers” from
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GUS- log,o(Tm soil)(4-logis(K..)

Gustafson ( 1989) oted that most. "leachers" tend 10 have values: exceedmg 2 8 wh1le most-"non-x
leachers" are- less ‘thari'1.8.:The intermediate transition: zone; '1.8-2.8, 'describes’ pesticides with-
"moderate™ potential to leach. GUS values for a large number of pestmdes ‘can be found'in McRae~
(1991): GUS values for: the analytes detectéd in’ 6iir springs versus-the. detection frequency are:
described in Table 6: The: correspondence between high GUS values and hxgh detection frequency
was strongest with atrazine and picloram. The: relatxonshlp was not as strong-with:2,4:D'ds it has:
GUS values indicating: a "moderate” leaching: ‘potentil; although it was one ‘of the‘more frequenitly
detected herbicides in our springs. In some instances there-'was a poor. coxrespondenee ‘with thé GUS-
values. For example 2 4-DB has a "low" leaching’ potennal " although there were multiple detecnons

| 3 'probably*
the greatest suecess 1§ ‘with herblcldes at the extreme’ ends of the dlstributlon, i.e. extremie "leachers"
and extreme "non-leachers However w1th herbicides in the more mtermedlate ranges, GUS scores

' 'and the partmon

mt‘r‘ét? ” néeﬁu‘atio‘iis*(thter 1990" Koterba-et”al
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prohibitively expensive. For this study two types of standard additions were involved:

(1) Each groundwater sample was "spiked" at the time of extraction with a standard addition of an
appropriate neutral or acid herbicide. Endaven (benzoylprop ethyl) was used for the base/neutral class
(1992-94). For the acid herbicides, picloram was used in 1991, and 2,3,6-TBA in 1991-92. The latter
was replaced by 2,4,5-T in 1993-94 because of poor recoveries with 2,3,6-TBA. The recoveries with
2,4,5-T were much improved. Endaven and 2,3,6-TBA were selected because they are not used in the
prairies and 2,4,5-T has not been in use since the 1970's. Therefore, it is reasonable to assume that
these compounds would not be present in Saskatchewan springwaters. Picloram use in Saskatchewan
islow. However, this turned out to be a poor choice as a spike because it was one of the more
frequently détected analytes and several detections did occur at Carnduff in 1993 and 1994. It was
discontinued after 1991 in favour of 2,3,6-TBA and 2,4,5-T.

(2) A large number of distilled water samples 16.9 L were "spiked" in the laboratory with several of
the acid and neutral herbicides given in Table 7. These were added to each sample at appropriate
concentrations, usually about 5-10 times the detection limit. In some cases higher concentrations were
used. The analytes used varied from year to year as new ones were added to the list for trial (Table 7).

Recoveries of the OC/PCB surrogates was within reasonable ranges, at least from the National
Laboratory for Environmental Testing (NLET). Envirotest had some difficulty with this category of
analytes. Recoveries of the base/neutral herbicides by NLET was generally very good, in the range of
about 60% to 130%, with a median near 100%. The only analyte in this category in which NLET had
some difficulty was dichlofop-methyl. None of the spikes were detected by NLET in 1991, aithough
good recoveries were obtained in 1993, The recoveries from Envirotest in the base/ neutral category
were poor. This may be due to concentrations of the standard additions being too low for their mass
sélective detector. '

Recovery of the acid herbicides presented a number of difficulties. In general, recoveries were much
lower than the base/neutral herbicides. The highest recoveries were MCPA, 2,4-D and 2,4,5-T which
were in the 30-50% range. Dicamba was not recovered at all, even at large concentrations 50 times the
detection limit. There was only a single recovery of bromoxynil. Recoveries of 2,3,6-TBA and
picloram were very low; in most cases less than 5%. Recoveries of MCPA, 2,4-D, and 2,4,5-T
increased between 1991 and 1993 as improvements were made to the solvent extraction technique,
such as provision for tandem (series) extraction, as well as changes to the procedures for handling
samples and standards. The range of recoveries shown in Table 7 reflects these changes. It is notable
that in spite of the relatively low recoveries of the acid herbicides, especially picloram, most of the
really large detections in the springs were acid herbicides, in particular picloram and 2,4-DB (Table
4).

The low recoveries of the acid herbicide standards raises the possibility that actual concentrations of
these compounds in the groundwater may have been considerably higher than the levels detected (eg.
the picloram detections at Carnduff, Table 4). Also, there is the possibility that some herbicides such
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as dicamba might be present in.springwater but went undetected. However, these seem unlikely
explanations for the following reasons. , ’ = .

The low recoveries of the acid standards are most likely a result of loss during storage :prior to use, as

a result of adsorption to glass container walls or decomposition, rather than loss after extraction or

during field handling. Analysis of the standard solution stock after storage for several weeks showed

the concentration of the analytes had declined to levels comparable to the recoveries in Table 7. The
low recoveries, therefore, appear to be an artefact of the storage medium of the standards and are not
indicative of the actual recoveries in spring samples. Standard solutions of herbicides in methanol were
stored in glass bottles at 4°C (in the dark), often for several weeks prior to use. For some analytes such
as 2,4-D, adsorption to glassware is a known problem for long term storage (Kan, et al. 1982). It
should not present a problem after extraction since the herbicide readily desorbs from glassware in the
presence of dichloromethane. Potential adsorption problems have since been rectified by storing spikes
in teflon bottles ina frozen state at low temperatures (-80°C) prior to use. = - .. -

CONCLUDING REMARKS AND RECOMMENDATIONS \

This study has shown that herbicides are present in some prairie springs used as drinking water sources
for humans and livestock. However, the concentrations are very low. At the concentrations found,
herbicide occurrences do not present a significant risk for human health, agriculture: ot aquatic life.
There were no exceedances of Canadian Water Quality Guidelines, World Health Organization
Guidelines, or United States Environmental Protection Agency Guidelines for drinking water,
livestock use, irrigation, or aquatic life. '

Although there are numerous studies of contamination of well water by herbicides, the possibility of
contamination by direct entry from the surface (well contamination) cannot be ruled out in many
instances. Studying springs rather than wells eliminates this possibility. The herbicides found in
springs represent aquifer contamination as opposed to well contamination. The water table samples
collected in most well surveys are more representative of vadose zone contamination rather than
contamination of the whole aquifer. Springs represent integrated aquifer discharge from various depths
and over a wide afea, and herbicide concentrations reflect this effect. Given these considerations,
future studies of herbicide contamination of shallow groundwater might better be conducted on springs
rather than wells. . , . ’

The detection frequency of herbicides in this study was a modest 23% of samples collected, which is
comparable to the detection frequencies found in many surveys of groundwater wells for herbicides.

However, the detection limits in this study were one to two orders of magnitude lower than any

previous studies of groundwater, owing to the large sample technology used. If coniventional 1 litre

samples had been used, the detection frequency would have béen only 3% of samples collected. -

Therefore, the main conclusion of this study is that herbicide contamination of shallow prairie aquifers
is arelatively infrequent event. Contamination appears to be much less frequent than indicated by most
well surveys and the concentrations of herbicides found in springs tends to be very low. Provided
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technological developments keep pushing the detection limits lower, we will continue to discover
herbicides in groundwaters at ever lower levels. Although detections at low levels are of interest they
are not a maJor heaith concern. :

This study prov1des a "snapshot" of herbicide contamination of prairie springs. In addition, it
represents the most detailed compilation of information on springwater quality ever assembled. With
the documentation provided, the ‘assessment could be repeated in approximately 5-10 years to
determine if any trends are apparent with respect to contamination by commonly used herbxcxdes, or
as new herbicides are brought into use.
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Oct 1992
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Locatmnﬂand Descnptlon of Sprmgs
ol

NTS (1:50,000) 62F4;
49°10’40"N 101°42’25

APPENDIX

NTS (1550,000) 72K5;

owlnmds L min* Co_ntact Antelope L. j/
\ Surﬁcxal Geol Glac:o—lacusmne kames

Antolope Take 7 \
. 50°16'30°N, 108°25'00°
Gutlonk North | NTS 5 T50,000) 7301T;
| sz, 10708 25W
Cutlonk South || IS (150,000) 7201

51°33’40°N, 107 °03’25"W

: és
i

laneway for BE 5km At cattle gate turn south
outlet located m sma]l

NTS (1:50,000) 72010;

51°40'05'N, 106°55'55"W ;| west at

@

Mafgdre Dabl 867-8081 or Georgma Dahl Box 8

* Broderick SK_Surficial Geol: Interbedded eolian veneer fi}
. and glacio-lacustring plain. (720): ©

,?Follow -access laneway at Dahl famnoune West pmue] to?"

» -Podmlocatedmstmmdehoednmabouthm

"I 'Contact Mbrgare ‘and Randy’ Dahl 867-8081. Surﬁclal
! ,Geol Interbedded:; 'llan veneer and glamo-lacustnne

u-ngatmn oanal Turn north at road end: and follow a
laneway for 2 km which skirts ﬁeld perimeter. Spring
jasues from sinall 30-cm diameter pool at base of tree.

‘south end of Buﬁ'alo Pound PVC plpe wzth cistern. About

17100 i west of farmhouse on boardwalk. 'Public drinking

" *| water. Flow 40 L min*. Contact Sask Historical Parks :

- . Office. Surficial geology' Alluvial plain but techarge area’
i} is probably neighbouring Glacio-flavial plain. (721).

Broderick West | NTS (150,000) 72010,
- 51°39'55"N, 1os°5s'4o"w
| ‘grads perime
S !plain. (720).
Buffalo Pound | NTS (1:50,000) 72I11; . | Spring locata
50°33'30N, 105°1T55'W
Dundurn’ NTS (1:50,000) 72015;

514945'N, 106°9935°W. |

o Head 3.5 km east oway 215 on Dundurn access road. - -
" Turn north at Camp Strathcona intersection. Spnng i

10cated1nheedwotlandareanexttoroadmthec_amp

= Flow hindreds’L min™:, Contact Dundurn Base '
‘ Comma.nder Surficml Geol Eolmn sand dunes (720)




Church Camp

Location and Description c of Sprmgs

51°58’20"N 106°42’05"W

' | Major Frazer Regina 757-1631 Surficial Geol: Eolian

APPENDIX (cont’d)

'ollow access laneway at: Salvatlon Y ut
km from Hwy 215 to deep gully. about 300 m from Camp
trailer. Spnng Jocatéd in small wetland about 100 m
down the guily: Flow.10 'L min*: Contact Salvation Army

sand dunes. (720)..

Delmas

"NTS (1:50,000) 73C15;
52°56'50"N, 108“87’(?5"W .

Elkwater

49°38'20"N,109°18°00"W

NTS (1:50,000) 721?:9; Follow Cypress Hill P; Prov park campground access road

| with sand'silt. and clay, locally a conglomerate with
o carbonate ‘cement. (Geol Map of Saskatchewan, 1972).

TnmNorthonﬁrstmdroadlkmafterDelmasonHwy
" 16. Spring located in deep gully 100m from farmhouse at
end of road. Metal pipe: -at head of wetland area.
Farmhouse dnnlnng water. Flow 10 L min™. Contact .
‘Dick Metro Gabruck Box 1174 North Battleford 446-0758
Surficial Geology‘ Glacio-lacustrine delta (730)

south. At intersection at'top of bluff turn east on gravel
road 0.5'km. Follow hiking trail approximately 0.5 km.
“Mitchell spring on left side of trail in forest. Protected by
metal pipe with ciftern and fence. Public drinking water.
Flow 10 L min®. ContactProv Park HQ, ALTA. Geol:
Cypreu Hills Fm., quartzxte and chert gravel interbedded

Whitewood -

NTS (1:250,000) 62L;

_50°29°00"N,102°15’30"W

' ptpemthc:sternlOOmfmmey Markedbyroadmgn

* | Moraina
o 'lacustrme deposit beneath moraine. (62L.K)

a' Hwy 9at base of Qu’Appelle aner bluff exactl§

Publi¢ drinking water. Flow 10 L min™. Surficial Geol:_
‘plain. Aquifer most probably a glacio-fluvial or

Petrofka

Wolseley Town | NTS (1: 50"0"‘00) 6216,

NTS (1:50,000) 73B10;
| 52°3940"N, 106°51!g§'w

| deposits: (78B)."

n east to Provincial Park Campsite at top of
slde ofroad aﬂ;erNorth Saskatchewan R. .

Flow 20 L'min?, Surﬁclal Geol Interbedded glacxo-ﬂuvml
kames and’ eskers, glaclo-lacustnne and moramal

50°25’15"N, 103°17’00"W

Wolseley

‘Springwater | access Wolseley road sxde sfop next to
information booth

,'50021'30'-'N’ 103°1715'W

| plain, Spnng at S.E. penmeter of plain. (62L,K).

nl ouse. Spnng issues from rubber
ase besxde ,road. Wet area m ﬁeld

“water and Tiveatock. Contact Wolseley‘ town office 698-
2477, Flow 10 L min?. Surficial Geol: Glacio-lacustrine




APPENDIX '(cbnt’,d)

| 51°30°00"N; 105°10"

NTS (1 50000) 72Jll

“Waldeck

-1\ 50°21°00"N, '107°37'40"W

B-Say-Tah | NTS (1:50000) 62L13; Hwy. turn‘north n Echo Valley:

: 50°47°45'N, 103°62'45"W X el road on_ south ghore for exactly 0.7. km to.
R L PN T road‘sxgn _ar_ Place followed by telephone. pole. Path
ole. lqads to spring in small. wetland-

NTS (150000 62K, | F
49°0430'N, 102’1750°W - ing

Cheviot East NTS_ (_—1 "50000) 62L183; -
52°02'15 N, 106°16’25"W

oy

- track. Cased well hole: ‘inside pond. Pipe barely. vmlble

“above water surface. Used for, livestock watering. Contact

v GametFometerRR6Saskatoon Flowhundredsme

Geol: Deep well, Recharge zone is probably not local, May

be bedrock aquifer, minor tributary of Battleford and
TynerValley Aquers (73B) e




NTS (1:50000) 73B6 and
73BT;
52022'25"N, 107°00°16"W

APPENDIX (cont’d)
Location and Description of Sprmgs

Heading north on Hwy 5 turn north on grid road toward
Langham Regional Park (map 73B7). At intersection
head west for 1. 6 km on access laneway and then south
through field. Follow cart track which passes between
abandoned farm bldgs (Map 73B6). Follow pasture which
passes between the two forested areas. Trail to spring at
indentation in forest on west side. Spring is about 50 m
from edge of forest. Spring is marked by extensive
travertine deposits. Flow 10 L min®. Contact Garth Van
Der Kamp, National Hydrology Research Institute,
Saskatoon 975-5721. Surficial Geol: Morainal deposit but
recharge zone is probably neighbouring glacio-lacustrine
delta and plain. (733)

Big Muddy

Cemetery

Village
|

~Big Muddy | NTS (1:50000) 72H2;

NTS (1:50000) 72H2;
49°01°40"N, 104°52°40"W

Heading south on Hwy 6 turn west on gnd road for Big
Muddy Valley. Access laneway south side of road opposite
Burgess Ranch. Spnngatbaseofchﬁ'oneastsuleofroad
below cemetery: Metal pipe. Used for watering livestock.
Contact Burgess Ranch, Big Muddy Valley, SK. Flow 10
L min™, Surficial Geol: Interbedded bedrock (Ravenscrag
Fm, interbedded sand gilt clay and hgmte) and morainal

‘ depomts (72H) (Geol Map of Saskatchewan, 1972)

49°01’15"N, 104®252'25"W

Craven

Follow acceas laneway 1.4 km from turnoff at grid road to
abandoned village of Big Muddy. Cross culvert and follow
hiking trail up to trough past historical monument. -
Spring emits from small stone grotto in bushes 300 m
from road. Used as private drinking water source.

Contact Burgess Ranch, Big Muddy Valley, SK. Flow 20
L min. Surficial Geol: Interbedded bedrock (Ravenscrag:
Fm, interbedded sand silt clay and lignite) and morainal
deposits. (72H). (Geol Map of Saskatchewan, 1972).

NTS (1:50000) 72110;
50°43'35"N, 105°52'10"W

[Radisson

Head4kmnorthofCravenonHwy20 Walk across
south wildlife refuge causeway in Valeport marsh to west
shore of Last Mountain L. Head west on cart track on
south side of gully up the slope past abandoned bldgs.
Spring located at base of small bluff inside treed area
near top of gully. Contact D. Donald Environment
Canada, Regina 780-6723. Flow 20 L min™. Surficial
Geol: Morainal deposit but recharge is probably
neighbouring interbedded glacio-fluvial plain and thin
morainal deposit: (72I).

NTS (1:50000) 73B1T;
52°30°50"N, 107°26'25"W

Heading west on Hwy 5 turn north for 2 km on gnd road.
west side of Radisson Lake. Spring is on east side of road
beside abandoned well shed aboit 50 m froin foad. Used
as drinking water source. Contact G. Van Der Kamp
National Hydrology Research Institute Saskatoon 975-
5721. Flow 50 L min™. Surficial Geology: Glacio-

| lacustrine plain. (73B).
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