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RESUME 
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. Entre ~ 1991: e_t;‘_ Ll _994,_nous avons mesuré la concentration de 20 herbicides auniveau 

des tfltratraces ng.L") I4 sources des Prairies. presence d'herbicides a été 
qil _ 

dans 6 dc ces Dans tous les cas, la concentration était A 1 p.g.L". 

Toutes les sorit des aqniteresisuperficiels. Dans la plupart 

des cas, la zone cfalimentafion est dans des terres cultivées et traitées 

herbicides. Les relevés isotopiques tau tritium indiquent que ces tons ces- gisements se sont 

rechargésassezrécemmentr -~ " 
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I a "F 4 

-t A 
-

' 

4 . ., l, . .‘ 
. _ 

. ¢ ..z_-.,.._ 

Au total, 142 échantillons d'eau de source, ce comprend.les 

ont été prélevésen vue du dosage d'herbicides basiques, neutres‘ et acides. La fréjquence de 
détection~n'a"pas-dépassé les 23 % du nombre tot:al"d'1échi'u‘1tillon's~,l ce qui est déjémodeste. 
Cependant, le pourcentage passe A 3 °/sfsi nousggavions prélevé des échantillons de 

1 litre d'eau plut6t que des échantillons de .grand.vo11une;r:Nous avons dét@01.é,des herbicides 

basiques ou mm 19 % des échantillons _¢¢_ des herbicides acides 26 :%. 

L'atr_azine (12 % des éch_.), le picloram et le 2,4-D (7 %), le 2,4-DP (dichlorpop), le 2,4-DB 
(4 %) et la simazine (3 %) ont été les herbicides le plus souuent détectés. L'a1:7azine, le 

picloram etle 2,4-D sont-parmi les-he1"bicides~le plus communément détectés dans les 
d'eau souterraine en Amérique du _Nord. Nous avons aussi detecté une fois 

le triallate, le diallate, le métolachlor, le silvex, le MCPB et le bromoxynil. 

Environ la moitié des concentrations mesurées dépassait légérement la limite d¢ 

détection. Le reste était plus notable et les herbicides détectés alors étaient surtout l'atxazine, 

le picloram et le 2,4-DB.» e tous les cas, la concentration’ mesurée était de l'ordre des 

ultratraces (ppt; ng.L"). Plus de 90 % des cas dc detection dherbicides ont été dbsewes 
3 des 14 sources examinees, la moitié dans tme seule, cu des herbicides out été constamment 

détectéfs le temps qu'aduré l'étude. Aucun herbicide n'a été A plusieurs des 

sources malgré des conditions rendant probable leur detection. Certains desherbicides



détectés (notamment Patrazine et la simazine) n'étaient pas utilisés au-dessus de ces 

aquifires. Leur presence est la démonstmiion d'un II.trn°SPhé.riq11~= 5 moyemle 01.1 
longue distance et du fait que les retombées peuvent étre sources de contamination de l'eau 

souterraine. 
V ' 

' 
‘

~ 

Les concenuations gnesurées ont été comparées A directives applicables 

A la qualité dc l7eau de consommation humaine, de consummation par- les animaux d'élevage 

et d'irrigation ainsi qu'a.1a qualité de l'eau pour les organismes aquatiques. Ces directives ont 

été émises par 1e gouvernement fédéral et ceux des provinces, par l'0rganisati0n mondiale 

de la santé et l'U.S. Protection Agency. Les cpncentrations mesurées ‘sont die 

plusieurs ordres de gran' 

'" deur inférieures aux no:-mes s, agficoles on relatives aux 

prganismes aquatiques. Meme si les herbicides contaminent effectivement les nappes 
aquiferes superficielles des par infiltration, il demeure que les concentratinns 

mesurées sont de Pordre des ultratraces (ppt; ng.L"). A ces concentrations, ces traces 
d'herbicides ne présentent pas de danger appnéciable pour -la santé humaine, pour Pagriculture 

ou polur‘ les ofganismes aquatiques. 
u ' 

“
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Inrural areas of the-Canadi‘aniPrairi¢s, water fol‘ taken 
from gmugidiivazer sources. ‘Frequently, the 1oéal-cons1i1npti¢m,%’s'uch~as- households 
anilivfitock; spfifigs 
or“'gi'avel: depdbsitsfi ‘(Sf surfiéial; 
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There are no published studies of herbicide contamination of natural springs in 
States, _a1thbugh=stheietis‘voltnninbi1s‘ infofinatidn availableyon conffimination of wells hhdlorisshgllow. 
groundwater sby‘»USEPA; 111 990;‘ ‘ct? 
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years), by inference, be a result ‘of handling or washing of equipment near wells or, 
alternatively, surface runofi‘ directly entering the-well or well casing. Isotopes such as tritium can 
be as a confirmatory tool to exclude this possibility, .

i 

investigation of springs is unique in two (1) It is the first study in‘Ca'nada and North 
America ofherbicides in natural springs which originate fiom very 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 exnaction technology. 
Previous surveys of groundwater have relied upon 1 litre samples, providing micrograms/litre levels 
(ppb) of detection. _ 

BACKGROUND 
Tritium Dating 

Since infonnation concerning the location ofsprings small surficial aquifers is not generally 
available in the literature, this was obtained by questioning a large number of local An 
inventory of 27 spring sites was compiled and investigated (Figure 1). All of the springs were 
sampled for general water"ch_e_mistry~ch,aracteristics including -conductance, ~temperatur'e, total 
dissolved solids, major ions, nutrients (nitrogen and phosphorous), trace metals and tritium. 

The criterion for screening springs as candidates for herbicide contamination was the age 
of the groundwater based on tritium activities. Tritium (’H) activities obtained by a Canberra 
Packard 2260XL liquid scintillation counter, atthe Alberta Environmental Centre, Enviromnental 
Isotopes Section, Vegreville, Alberta. Electrolytic tritium enrichment by a factor of 18 was utilized 
to enhance detection (Amold, 1- 994). Activity levels are reported as tritium activity (TU), 
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, andis 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 
dete_ction"(Amold, 1994). There was close agreement reported tritium levels between replicate 
samples taken fi-om several springs (within 7%). 

Tritium levels in northem 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 in 1-961 and 1962 (IAEA, 1969; 
Oklahoma Geological Survey Observatory, 1994). Tritium levels declined after the moratorium on 
atmospheric testing ‘in 1.963 although, atmospheric tests by France and continued until 1974 
and 1980, respectively (Oklahoma Geological Survey Observatory, 1994). Levels reported in 

at Wynard Saskatchewan, in the late 1970's and early 1980's generallyranged between 20 
and 60 TU, although levels as low as 7 and as high as 173 TU have been recorded (IAEA, 1983, 
1986). This station was closed in 1982 and current levels» are no longer available..-

/
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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 
(ZCa+Mg-I“-Na+K+Cl+SO,+CO,+HCO,) in mg/L are shown-in Table l._A conductance measurement 
was also made at each site. These supplemental data in determining the residencetirhe of‘ 

the water and whether the water originated from a surface aquifer or from a deeper Lower 
conductance and TDS concentrations generally indicate shorter residence timesof the The 
springs with elevated bomb tritium had TDS concentrations below 900 mg/L and conductance less 
than 1400 uS cm"; The only exceptions were Outlook South and Outlook North-.— Higher 
conductance and TDS concentrations at these sites can be attributed to the thfltthey 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 ofthe soluble material. At the Outlook 
sites, although soluble solid levels have declined to a point where cash crops can be evidently 
some flushing of soluble solids is still occurring. 

The remaining springs with older water (less than ITU), tended to be brackish. Higher conductance 
and TDS concentrations indicate deeper aquifers with longer residence times. The highest levels 

at Nokomis and Oxbow, which are buried wellheads tapping deeper aquifers, rather 
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 to ionic dominance in "Table 1. Note that at the pH foundin these groundwaters 
(near neutral), CO3+HCO, =.= HCO, Without exception all of the 14 springs 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 SO4+Cl dominant. Na-l-K dominance 
in the prairies tends to be characteristic of aquifers. Na+K dominance O<.><=urred at half of the 
sites with older "pre'-bomb" aged water. The remaining older springs Ca-I-Mg’ dominant, 
suggesting perhaps that these aquifers are surficial but travel times are longer. . 

Physical Description . 

The springs investigated for herbicides originate either as (All) 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 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, glacie- 
lacustrine or eolian in origin, remaining fi'om Pleistocene glaciation. In most cases, the aquifer 
boundaries can be easily delimited on esmficial geology maps as gravel, sand or high permeability
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deposits. Flow at all of the springs continuous throughout the year, although-,_.in some cases, 
flow rates showed some tendency to decline slightly toward late summer shorter residence 
times (van der Kamp 1995a). Detailed site descriptions and gejoreference information for all of the 
spring sites investigated is in the Appendix at the-back of this report. - 

In most cases the springs are tapped as a drinking 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 (eg. Broderick 
East, Broderick West, Antelope Lake, Dundurn) and issue directly from the ground. At each spring, 
a visual survey made of the area to ‘ensureuthat there no well sites the surficial 
bomidaries ‘of the aquifer. Where_ possible, information was also compiled on’ the herbicides applied 

Two of the 15 sites investigated for herbicides were not natural springs (Outlook‘North and Outlook 
South, Figure 1). These are tile drain outlets fiom 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 several acres of land, the drainage 
network simulating a shallow aquifer. Water samples were collected”'at“the drainage outlets. 

METHODS " 
~ 

‘ 7 ' “ 

Water samples for herbicide extraction and were collected in October of 1991, October 1992," 
and August, I993 at the 14 locations indicated in Table 1. Additional sampling at 4 sites (Outlook 
North, Outlook South, Antelope Lake and Camduff) was carried out in November, 1993 and March, 
June and October, 1994. Sample extracts were analyzed at.Enviroiim_ent Canada's National 
for Environmental Testing (NLET), in Burlington, Ontario. A_ total of 142 spring samples were 
collected to October I994 and for herbicidesfincludirig-A28 replicates for QA/QC purposes. 
Replicate samples were by Edmonton, in 1991-92 usinghsirnilar methods. 
was discontinued in 1993-94 in favour of sending replicates separately to NLET, as a cost saving 
measure. . 

‘ 
'

" 

The study initially included sampling for a suite of 19 orgaiiochlorine insecticides, chlorobenzenesand 
total polychlorinated biphenyls (PCB's) (Table 2). was targeted" primarily at‘ endrin, toxaphene 
and chlordane‘ which were used in the prairies we'll. into the 1980's, as well as lindane and 
methoxychlor which are still in use. Since there were no detections in this category of analytes 
sampling was discontinued after“l99l. i " ‘ 

The primary focus of the study was on the base/neutral and acid herbicide classes (Table 3). A listof 
the analytes is providediin Table 3. The list includes of the top ten most commonly used 
herbicides in Saskatchewan (Constable and Bhardia, I990“; Agriculture Canada, 1993). The acid and 
base/neutral distinction is based partly on analytical convenience for reporting purposes rather than 
on the actual chemistry. 
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base/neutral herbicides are extracted from the first sample at ambient pH. The ‘pH is and 
recorded at the time of extraction. For the acid extraction the second spring sample is acidified to pl-I 
_l .,8»'(+/-0. 1) withconcentrated H;S04.‘ The acidaddition isdetermined by titration of ~a 500 mL aliquot of Acidifiedwater sarnplesarelcontinuously the extraction. "The 
pH'of'th'e extracted effluent is measured toensurethe sampleis at-the desired value. l 

' 

1 ~ 

1 .-_~4. _‘ .-‘.~ .- 
.. . pg, . . _. \,',;¢, iv‘; 

Water samples are the carboyto theexnactori at a precisely of '0.50»Litre's- 
min". Initially, the sample filtered through a '-'-binder-freell; 500 C baked, 0-.7;4m nominal pore 
diameter, triple solvent-rinsed, fibre filter i_na.st_ainless>steel filter holder; However, filtration was 
discontinued afierl 1991, as there no significantti-esidue A found fi~om any of ‘the springs. The 
refi-idgerated sample is warmed" to 22‘..’C-by a silica located inf-a glass heafillglcharnber 
(Figure 4). Methanol ‘solution of surrogates" or standardiadditions for recover‘y’assessmen't is metered 

the sample atflie inlet port to the glass mixing cl1'amber,=to volatility and sofplion‘ losses. 
The is initially with 300 of pdichloromethanel. The water/solvent 
is emulsified by 5'4 bladed-turbine propeller; driven by a constant torque stirrer.=Larger solvent 
drops settle out‘ in the first and second’settling.'chanibers. Small solvent arecollected in the 
effluent scrubber column paclredwith teflon "Rascliig" rings located the ‘upper part of the second 

chamber. Dichloromethae is‘ added at a precise at the top of the scrubber column to make 
up for the rate at it is lost by dissolution inwater’-(l..3%.by‘ volum‘e).-"Thevwaterl sample then 
passes through a'1second»-extractor -bod)"7identical.1to -athel"-first andthen a glass.separa_tor;trap 
which“-captures"any*-fine droplets the se'c6nd-ext'ractor1 body'~(ideally none):'= the 
eXt1‘action’is'completed', solvent fiom both extractor bodies and the trap (approximately 600. is 
collected in 1 Litre amber glass jars and Stored at 4°€ in thedark untilanalysis. " 

- 
_‘ 

*"
- 

All liquids the extraction -pr'ocess'(including~ water, dichloromethanc,*an¢,l lnethanol) come 
contact only with p'recleaned'8lfl$$, teflon, "- 

steel (p1nnp‘-headiaind ports)-and ceramic surfaces 
(pump piston).5' surfaces‘ 

l are thoroughly. rinsed distilled-water; and dichloromethan. e 
priorrto each extraction.-1 solvents idichloromethane, acetone and methanol-are Burdick and 
Jacksoh_"liigh?pmity‘pesficideI glade"»;==‘I‘h'e7’ sample bottlesfand theel L storage 
jars are Eagle-Pichefamber glass"? rwitli‘ 'teflon1<¢liners;= triple rinsed in acetone and 
dichloroIn‘ethan'e’prior tofuse; The s'ample- bottlesjthe"-extract storagelbottles,-i the solvents and the 
distilled strbjected to‘ analysis-on occasions and no herbicide 
ever - 
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Throughout!‘-i the‘ lai"g_e sample " blanks were routinely extracted. -~Ten "blank'l' ‘sampleswere 
obtained vNolt6inis and"Wolseley. No analytes were detected‘ 

‘ The significant age 
to these waters ofherbicideioccqtfeflces. ~iDiSfilled1-water blanks 
extracted roufiffiélyiiiusing the laboratory supply whichis filtered-for organics removal. Again 
there were no detections. This done to thatthere was no pesticide residue carry-over in the 
glassware fiomsuccessive extractions or residues in the laboratory water supply which was used for 
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Analytical Methods . 
A 

~ 

, i 

For the base/neutral herbicides the dichloromethane extract is first dried using anhydrous sodium 
sulphate and then solvent-exchanged 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 chrcmawgraphic 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 fi'a_cti0n- The two from fiactionation arethen twice rinsed with iso- 

octane and reduced to 1 mL u_nder nitrogen. Analysis of the iso-octane concentrates is done by 
gas chromatography on HP-5890 dualDB-I and DB-5 capillary columns (30m, 0.25 mm ID, 25 pm 
film thickness), equipped with dual electron capture detectors and a split/splitless injection The 
columnhead 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 inargon at a flow rate of 30 mL min". "This 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 6’ C mlh with a hold for 8 minutes. Atrazine and 

metolachlor are determined using a HP-5 890 splitinjection, single column (DB-17") gas chromatograph 
equipped with a nitrogen/phosphorous detector. The chrornatograph is temperature-programmed from 
aninitial temperature-of 80°C,.with a Ztmimltehold, to 140°C at 20‘ C for the first ramp, and 
140°C to 260°C at 4°C min‘ wifli a final hold of 8 at 260°C. The detector gases hydrogen 

and air at.a flow rate of 3.8 mL min“-and 120 mL min",-.respectively..H_elimn is used as the carrier gas 
at 2 mL min" flow, with column head pressure of 15 psi. ' 

. 

'\ 

Theacid herbicideextracts are concentrated byjrotary evaporation with solvent- exchange into acetone. 
The -residue is then derivatized by with 4.0 rnL of 5% (w/v) pentafluorobenzyl bromide in 
acetone and 30 uL of -30% potassium carbonate K,CO, in water to form flue corresponding 
pentafluorobenzyl 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 fiactionated 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 pentafluorobenzyl esters of all the other acid herbicides (see 
Table '3). The iso-octane concentrates are by a HP-5890 gas chromatograph withdual 
DB-1 and DB"-5 capillary columns (30 in, 0.25 mm ID, 2_5 pm film thickness), equipped with dual 
electron capture and a split/splitless injection system. Hydrogen is used as the carrier gas at 
a column head pressure of 15 psi, with 5% rnfethane in argon as the make-up gas. The apparatus is 
temperature--programmed from an temperature of 80°C, holding -for 2 rflmlliflg I9 200°C 

at 15°C min", followed by a second ramp fi'om 200°C to 260°C at 5°C min" with a ten hold at 

260°C.
~ 

A Hewlett-Packard,5871 GC-mass selective quadrupole, 70eV,'mass analyzer and a negative ion 
chemical ionintion VG TRIBRID high resolution mass specnometer were used for confirmation of - 

the neutral and acidic category herbicides. Confirmation was obtained when herbicide detections were 
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of suficient magnitude to permit use of these instnnnents. In some cases, several samples with very. 
low analyte detections on the gas chromatograph were cofnposited to bring the analyte. concentration 
up to a level for spectrometer iden.tifieati9n- 

p _ 
1 

- 
» 

'

‘ 

Analysis efthe diehleromethane -was carried out at Canada's-National Laberatery 
for Environmental Testing Burlington, Ontario. Replicate sampleswere (1991-92) 
by Envirotest Laboratories; Edmonton Alberta bygas chromatograph equipped with mass selective. 
detector. aEhvir0tests detection limits were. somewhat higher than thevaiues given in.Table 3. ' 

. 
_ Q _ 

_ . _ 
' 

_ L ___' 

RESULTS ~ a 

-.~ :-.,.», .-:»_-- .-; 
. 1.

4 

H'erbicide'Detections .- 
. 

‘

» 

" 11‘)-t. » 
' -1 ~11 - Ki"/: —; " ,' .'* " 5. t ,- 

-

‘ 

Analyte detections in springs and are shown Table 4. Detejctions in 23%. 
of thee-1 14 spring samples fiom 14 locafions; (not including replicates). All of the detections 
were less than 1 /J. L'l. In the base/neutral category, there were .11 detections, or 19% of-,5.9fs_amp1es 
analyzed (excluding replicates); All of these at 2 sites. In the acidic eategory, there were 1_5 
detections," or 26% of"5'8_rsainp1es 6 locafions,-.The. _ 
individual-analytesaranged’between.2%1§and .ofanalytes_,-qand 2%,§gaa.1% 
inthe acijd class (“Table 4). ,Eight’,0f the. detecfions*'(30°/§>);7were eenfirme'd.byee,iflie,r 
detector or thightresolufion by, §"on Talile 4.»The 
in concentration; ztfori-tl1ese‘3techniqi:1es.to be of detections wereonly slightly? -abjovey 
the detection limit. _Exa1_nples jtlcliidel 2,¢_‘t.v-II)» at and, Beaver Creek valid triallate at Carnduffll 

2,4-DB 8’i1dt2;4-"DP 
- 

= ..\== - -1- .1.‘-.14.» ./,:,f,;..! i...,».1ll- :=. _1-. ,,..»__,-_,‘,; ,,-.,;.;;-,,=:- 1/;.;_, _.»;;-‘_-_.=,.-_;; 1; .:~1 

Multip1e1he1'-biciderl ~detecfions”>occurred*:at 3: springs; (Carndutf, -.11 detections-,>. Antelope Lake, 6 .. 
detections.Kand;Oufloolg North, 4,, detections): The detections at~~.Carndufl‘:we1-e- observedtthroughoutthei 
study (-199 1?-94) whereas; at the latter:~two. sitesyallt butétwo. of.the.detections {occurred in~199l.=.:At. 
Carnduff, the "detections included oflboth Base/neunalrand acid.hherbieides..>At---Agiitelope 
Lake most of N6I§ll.;QnlY’.?¢id»herbi¢id¢$ . " 

WETO I 

. -. 

Ten of atlii:’_~detect;ii_;>ns 
_. 
were. %119i'911' l‘6§ but over;.the' 

remainder ofthe pe‘r.i<1><1,‘-11.992.-94;iA~ POS$ib1¢'?XP18nfifi6h for the-lfighériiletfilibfl freqvetiey in 
1991 is that relatively wet precipitation at the 
nearest to tl1_e-sprinugsitl Tat;_1_e:4.was 5422 iq34s~ 992iand 455;»m1n:i1i 
1993. 
higher.;Preeipitafi'on' events’ contmmni f 

g" 

pesficid§_iesidue$iinay_sljowe up in the’sp'i-in’g ifiiiieie 
is significant loiftlle spring. Thetravel of this watertol 

Aftotall of 2s replicatesariiples“(25%rof‘t1iert6ta1).were" :ia;m¢ibaée/a¢uira1ti:aaa<I¢he?a¢iai¢ 
herbicide ~ classes? !1i4" ‘class 5(Tl?ablea4)*.~‘ Dete,ctioiis;»in.;.replica'te‘;samp1es :on.-nfour
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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. Detectionsiwerenot alway'sconfi_rmed by a corresponding 
detection in a replicate Sample (column RN, Table 4)-. In-most instances, this occurred the 
reported concentrations slighfly above the NL-ET detection and the replicate sample was 
analyzed by Envirotest. The apparent discrepancy canrbe attributed to~:r_1.1etl1oc,l'ologit?,a1~c-differences 
between the two laboratories. a mass selective detector coupled with a gas 
chromatograph for all of their analyses.“ Their detection ilimit-was accordingly higher than the values 
given in Table 3. Hence, a marginal detection by NLET would not be detected by Envirotest. 

Several sites, including‘Brode'rick East, Delmas and Outlook South appeared to be likely candidates 
for herbicide "contamination because herbicides heavily used on these aquifers. However, in spite 
of this, no analytes detected at these springs. The conditions at Outlook 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 l-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 sitesefmay have been enough to reduce herbicide concentrations 

l 

below the detection limit at 
Outlook South. .» ~ 

In contrast to the above, some detections occurred at sites which appeared to be unlikely candidates 
for herbicide contamination. At Beaver Creek Camp and particular,.the ofthese 
aquifers is primarily woodlots and the nearest herbicideapplications are some distanceibeyond thc 
apparent boundaries of these-aquifers, The detections at these sites (2,4-D) may have originated fi'om 
atmospheric fallout on these aquifers following spray drifi 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 
Carndufi. Since these herbicides are not used anywhere in the vicinity of these aquifers, atmospheric 
fallout as aerosols, dry deposition, or as precipitation from neighboming areas, or perhaps even further 
away, is the most likely source of contamination. Atrazine is in Small amounts in Saskatchewan, 
primarily for suppression of grasses. Although it is used as a corn herbicide and on 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 Iin shallow grotmdwater wells in southern 
Alberta in areas where it is notused. Studies of a large nmnber ofwells in the States also fotmd 
atrazine to be the most fi-equemly detected herbicide primarily because of it's persistence in the 
environment and mobility in soil (Ritter, 1990; USEPA, 1992). 

_ 

-

A 

Significance of Detections r 

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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waterj 
_ and UiS.»Etivironmental»Protection= Agency.-lifetime advisories and other 

guidelines for and irrigation (CCRE:M;:i l987;‘WHO; 1993; USEPA 1989; OME 1989; OME, 1984; NACA, 1980,59, The§‘eSaskatchewan~»Municipal%‘d_rinkirig water guideline for pesticide: 
residues is zero (SEPA,< 1991); Apart from the Saskatchewan~zeroJ~toleran_ce not a singler of Yiiny ~» of - the above guidelines. ~ The? detectable ’residues'* ‘in 
springwaters ranged fion_1.21t_o 5 orders ofilnagnitudeilewer thanithe mestsensitive 'gu_idel_ine»»(Tab1_e§ 
5); The only exceptions were the lairge1'-»_piclomm deteetiofii at: ‘However; 
less than any known guideline, includingthe Ontario giiidelineiiforiirrigaiion. "In, none. or?- the h‘erbicide'oc¢urrences1appear to be.al:concern??witb“‘respect?td> healthi-or 

* 

In 

.- ».- _ 
~ 

- 
I ,-;i~,;., ,» 

-~ ;;-,_ . 
_ 

. ., . , ,. ,. i. gt.) ~14. i hf -. ,; int, . ;'._~ 
‘ 

_ :7 . 
_ 1,-1.; . ;',;T.-4.~§;;- ;..» ,__,j_, _\- .5.1»;.,F_;:. ,.¢j, _.j'.,. 

\ ,»t=.i ii 1. -.2 .»,.,~<=~.~l ‘aswi 
- 

V» 
\= 

' 

. 
!;- ?-¢:i.?;.;<= In = To place the ‘level rofanalyte" detections in these?shallow'prairie all!-.1if¢.I$‘ in perspeetive;<; 

to bé‘relatii'ely "Cl:egnui-inbq'°mpariS0n-‘With 
the fiequéncy of iletecfioni islow compared-to the"concentrations‘comrn‘only'dete’cted in-mostiprairiei A of selected base/neutral herbicide detections fiom 5000i samples of sliowsidetection»e-fiequencieeof'40f’/u*for 2,4’-D; for¢2;4,5=T; 5% for 'atrazine" and 'MCPA;’i"l=5% for =2-,4:-DP;-1 =2;4-DUB; vpiclorani ~ 0;3"=1%, for the“ 

base/n€l111_'81 and-acid herbicide il1’_T'fl1J'l'6‘-3 
l1'991»)§'i Although theseiideteefion-fi'¢qu¢ncies»'are ni>t*p"articularly»high.they were obtained-usingi-lie»-litre 

samples;‘"Detectioni-were one-to-twoiofrders-of »n1é§nitudé?.ori-more>’higlier;i§thfin--.the-Ydétectiom 
limits "aPPl.i,cable'to this study--i:(Tablew3)=iAt%the ~~lii*liire'";=level:*iof~ detectiong:-the'i 
fiequency in our springs would havebeen ireducedi»fi'om523i'/3"to‘s=3%E‘1.'_I7he Would. have been detected in om springs are the single 2,4“.-DB and three picloram detections (all at Carndufl). Base/neutral detecficins woulddeerease fiom1i:1i9%»tti1i0%iandiaeidideteciionssfiiom26% 
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With respect to guidelines, other studiesin the Canadian’*prairies by Miller et a1. (1992) and H1l'l et 
al. (1994) have also found mostherbicide concentrations in shallow grotmdwater wells are well 
below Canadian Water Quality Guidelines, similar toioursprings. 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 frorntile drainzeflluent. balance estimates 
indicate that approximately 0.0003%-0.002% of herbicide applied is in drain effluent. 
Despite modest detection fiequencies, the levels detected‘ were generallywell below Water 

Guidelines;-=fMost of the detections (79%) were less 5000' ng L", and generally in the 
range of a few tens to hundreds of ng L" _. However, the-concentrations detected were several orders 
of greater than the levels detected in our springs. Similar findings were also obtained in 
another studyin Saskatchewanby et-al., 1988). The detection limits in both these studies 
was about two orders of magnitude higher than the limits applicable to this study. Ifthe detection 
levels in 1 these studies had -been similar to our study of springs, it is likely that their detection 
fiequencies would .-have been considerably higher; The higherimagnitude and frequency of their 
detections~eon1'pared to -our springs can -be attributed to the fact that their samples were from 
the watertable. However, water table samples are not necessarily good indicators of overall aquifer 
containination. -is also the possibility of water table contamination by direct enny into wells. 
In caseswhere direct entry can be ruled out, water table samples are indicatorsof vadose zone 
contamination. "Significant~attent_1ation of -herbicides-canoccur through adsorptive_,-microbial and 
other losses as the water moves deeper into -the aquifer. The concentrations‘ found in our springs 
suggest that these losses arerapid and'that?'aquifer-contamination is relatively minor. V 

s ~- - '- 

Although_many surveys of herbicide contarnination of wells have found modest contamination of 
the water table, agreement on this point is not universal. For eliflmple, the modest detection 
fiequencies of the above mentioned well in the United States and Alberta are in 00111188! 

to the findings of another survey by Agriculture Canada (1991). This survey of shallow 
wells carried out in areas of and Manitoba identified as highly vulnerable to pesticide 
penetration (Agriculture Canada, 1991'). Analysis included m.81.1y'of the herbicides listed in Table 
3 at the tag L" (ppb) level Of detection I11 three detections were found in 177 wells sampled 
and in Manitoba, therewas only onedetection from 186 wells sampled 

Other Considerations - ~. 

Studies such as Miller et al. (1992) that .herbicide detection frequencies are consistent 
with the predicted mobility of the herbicide. Most of the herbicides detected in our smvey have 
"mode_rate"' to "high" leaching potential. However, were a few exceptions. We used an index 
of leaching potential defined by Gustafson (19.89). This index was used by Agriculture in 

their assessment of vulnerable to groundwater contamination by pesticides (McRae, 
1991’). The index is based on the partition coeflicient between soil organic carbon and water, 
and the half-life of the pesticide in soil, Tm (Gustafson, 1989). The groundwater ubiquity value 
(GUS) describes a hyperbolic transition -zone of log Tm versus log Kg-, separating "leachers" from
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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./n_eutral 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 not been in use since the 1970's. Therefore, it i_s reasonable to assume that 
these compounds would not be present in Springwaters. Picloram use in Saskatchewan 
is'1ow. However, this tumed out to be a poor" choice as a spike because it was one of the more 
frequently detected analytes and several detections did occur atCarnduff.in 1.993 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 In some cases higher concentrations were 
used. The analytes Varied from year to year as new ones were added I0 I116 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 some difficulty with category of 
analytes. Recoveries of the base/neutral herbicides by NLET generally very good, rinthe range of 
about 60% to 130%, witha median near 100%. The only analyte in this category in which NLET 
some difficulty was dichlofop-methyl. None of the spikes were detected by NLET in 1991, although 
good recoveries were obtained in 1993. The recoveries from Envirotest in the basjel neutral category 
were poor. may be due to concentrations of the standard additions being too low for their mass 
selective detector.

' 

Recovery of the acid herbicides presented a number of difiiculties. In general, recoveries were much 
lower than the base/neutral herbicides. The highestrecoveries were MCPA, 2,4-D and 2,4,5-T which 
were in the 30-50% range. Dicamba was not recovered atall, even at large concentrations 50 tifnes the 
detection limit. There was only a single recovery of bromoxynil. Recoveties 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 rnade to the solvent. extraction technique, 
such as provision, for tandem (series) extraction, as well as changes to the procedures for handling 
samples and 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 piclorain, most of the 
really large detections in the SPIiI1g$ were acid herbicides, in particular picloramancl 2,4-DB (Table 
4). 

The low recoveries ofthe 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). _A1so, there is the possibility that some herbicides such 

., ;'.=.~ Y,-3.. 
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as dicamba might be present inspringwater but wentiundetected. However, these seem unlikely 
explanations for the following reasons. v 

A 

V 
_ 

.
. 

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, ratherthan loss afterextraction or 
during field handling. Analysis of the standard solution stockafier 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 artefactof the storage of the standards and are not 
indicative ofthe actual recoveries in spring samples. solutions of herbicides in methanol. were 
stored in glass bottles at 4°C (in the dark), Often for several weeks prior to 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 extraction since the herbicide readily desorbs fi-om 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. ' 

- -» 

. - 
. 

' 
.

- . 
~ 

~ ' 

v 
>.~ ,.. - 

- 

1 I 
.- ‘ 

CONCLUDING REMARKS AN;D’RE;COMMENDA'l'IONS ~ 
. 

- -

. 

This study has shownthat 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 or aquatic life. 
There -were no exceedancesof Canadian Water Quality Guidelines, World Health Organization 
Guidelines, or United States Environmental_ Protection, Agency Guidelines for drinking water, 
livestock use, irrigation, or aquatic life.

V 

Although there are numerous studies of contamination of well water by herbicides, the possibility of 
contamination by direct entry fi'om the surface (well contamination) cannot be ruled out in many 
instances. Studying springs rather 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. Springsrepresent integrated aquifer discharge fiom various depths and over a wide and herbicide concentrations reflect this e_fi'e'ct.; Given these considerations, 
future studies of herbicide contamination of shallow groundwater might better be conducted on springs 
rather wells. 

. 

_ 

" " 

The detection fiequency of herbicides in this study was at 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 conventional 1 litre 
samples had been used, the detection frequency would have been only 3% of samples collected. 
Therefore, the main conclusion of this study is that herbicide contamination of shallow prairie aquifers 
is a relatively infiequent event. Contamiriation appears to be much less indicated by most well surveys and the concentrations of herbicides found in springs tends to be very low. Provided

1 

l
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technological developments keep pushing the detection 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 health concern. V

' 

This study provides a "snapshot" of herbicide contamination of prairie springs. In addition, it 

the most detailed compilation of information on springwater quality ever assembled. With 
the documentation provided, the "assessment could be in approximately .5-10 years to 
determine if any trends are apparent respect to contamination by commonly used herbicides, or 
as new herbicides are brought into use. 
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A H 
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2417. Waier. F.‘low_ hundreds L min". 
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5.é1fViQ§§_StBfi0llHWi 1 at Wolseléytum north on 
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#ll>°11fl?-,5-._1*!==i 5“?! Swing iwes from rubber 

- Pi?‘ Y'ifli.l~ b§§.ide Wfikwa in field 
=<1i=°¢m 
"water Wolseléjftown ofioe 698- 
2477. 10 L mine‘. Sarficial Gaol: Glacio-lacustrine 
plain, at s-.2. perimeter of plain; (6214:).
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APPENDIX (cont’d) ' 

Location and Description of Springs
' 

. . ._~.'\- 0.. ,... vV\\» .. . ....,, .,..,,,;.,;-»~ \_~.-V. . 
1 1/W.--. ';1:'¢\' \'*~.£.-/.).'~ . '1.-~;» .' 1,--_... JVJ; .1. » u~:‘.‘. 

1... $2. 
' ~' 
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~: an '"“‘ " ' ‘ ‘“% “.1: >3» 

‘“ ""‘ ’ 

>1; >....;..,..‘-3. . .. .. aim. , . .,..»‘1..;.i,.;., 
d‘ W. , 

,. . :3 , -..5,.~~...-.,~.,-.<.=...,...;.:;, 

.. ,;e§ f;§.*“"‘".¢éd,."*t.“"k*i¢.>;”";" ».-as: : w.-....~-c<~ 1- .~d<»d..»» 
s 

1*"~>;§t§;;%7i§Z.5l'i'§£»E-i:=t‘:*%’§€$1§>§:$‘iv 

raga». 7 " “""“ ' 7‘ " “‘"""’ i i '* it’ 

33 » 

NTS"'(I{50000) 73B6 and 
73137;

_ 

52°22’25"N, 107°00’15"W 

Heading noifli 0; $1 north. on grid road_tbW.8rd 
Regional Park (map 7337). At intersection 

head west for 1.6 km on access laneway and then south 
for 0.85 km to sign "Keep Out". Head west on cart track 
through field. Follow cart track which passes between 
abandoned farm bldgs v(M8p‘73B6). Follow pasture which 
passes between the two {crested Trail to spring at 
indentation in forest on west side. Spring is about 50 in 
fi-on: edge of forest. Spring is marked by extensive 
travertine deposits. Flow 10 L Contact Garth Van 
Der.Kamp, National Hydrology Research Institute, 
Saskatoon, 9'15-5721. Surficial Geol: Morainal deposit but 

zone is probably neighbouring glacio-lacustrine 
delta and plain. (733). _ _A g_ _ 

Big Muddy 
Cemetery 

NTS'(Ii50000) 721-I2; 
49°01’40"N, 104°52’40"W 

south on 6 weston grid road for Big“ 
Muddy Valley. Access laneway" south side of road opposite 

Ranch.Spring atbase of clifl' on east side of-road 
below cemetery: Metal pipe. Used for watering livestock. 
Contact Muddy Valley; SK. Flow 10
L 
Fm. intBrbéi14@d’B8flI!_ dill; filly and lisnit/e)' a.nd' mofaindl 
deposits. (gem (Gaol Map ofsdskstshewnl, 1972)‘ _ 

Village 
Bis 1.VI1]1ii.i.137 NTS (1150000) 72H2; 

49°01’15"N, 104“”52’2_5"'W 
Follow 1.4 km from turnofi at grid road to 
abandoned village of Big Muddy. Cross culvert and follow 
hiking trail up to trough past Illonuxnent.

' 

Spring emits fifflmr stone grotto in bushes 300 in _ 

from Used as private water source. 
Contact Burgess Ranch, Big Muddy Valley, SK. Flow 20 
L Surficial Geol: Interbedded (Bavenscrag 
Fm, intcrbsdded silt clay and lignite) and morainal 
deiwsitd- <'I2H).-.<G¢s>1..M§v,@f $B8k%¢h¢Wan. 1912). 

Craven‘ " NTS (150000) 12110;
g 

50°43’-35"N, 105°52'10'w 
Head 4 km northofCraven on 20.Wa'1k ‘ 

south wildlife refuge causeway in Valeport marsh to west 
shore of Mountain L. Head west on cart track on 
south side of gully up the slope past abandoned bldgs. 
Spring located at base dfsimall blufl‘-inside weed 
near top of Contact D. Donald Environment 
Canada, Regina 780-6723. Flow 20 L Surficial 
Geol: Morainal deposit but recharge is probably 
neighbouring intsrbedded glacio-fluvial Plain and 
morainal deposit: (721). _ _, __ 

Radisson 1§r_1is‘(1a'5o000)' 7331-1;
" 

52°30’50"N, 107°2s'2s"w 
Heading west on Hwy 5 turn north for 2 km on grid road 
westside of Radisson Lake. Spring is on east side of road 
beside abandoned well shed about 50 m from road. Used 
as water source. Contact G. Van Der Kamp 
National Hydrology Research Institute Saskatoon 975- 
5721. Flow 50 L min". Sm-ficial Geology: Glacio- 
lacustrine plain. (733).

i
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