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ABSTRACT 

Using the h e licopter on board the D epartment of Transport icebreaker, 
"John A. Macdonald", 69 water and sediment samples from 54 stream sites 
were collected from eight r egions during the period July 9 to August 19, 1971. 
At fifteen of these sites another sample from the brackish water zone o f the 
stream was also collected . Of the factors influencing sampling, the ship's 
route and weather were most decisive. 

The water samples were analyzed on board ship for radon, alkalinity, 
Eh, pH, oxygen, calcium, total divalent cations , and chl oride ions. These 
analyses showed that the waters were essentially saturated with oxyge n at the 
temperature and pressure at the sample site, flu c tuating around 11 ppm. 
Radon concentrations were generally l ow; however, waters from granitic 
regions contained easi ly detectable amounts of radon. Tests for alkalinity, 
pH, calc ium, divalent ions and chloride ions gave clear evidence of the dom­
inant rock type of the l andscape through which the streams flow (e. g . l ime­
stone or granites) and also instances of intermixture with sea water. 

The analytical results show that the streams sampled contain no 
anomalous concentrat i ons of the trace e l ements , Zn, Cu, Pb, Ni, Ag, As, Sb, 
Mo, U , and Hg. 

Cos t estimates show that with approp riate modifications of the 1971 
sampling program, sampling of Arctic coa stal streams by the abov.e method 
is economical . 

, ; 

RESUME 

A l'aide d'un h elicoptere attache au brise-glace "J ohn A. Macdonald" 
du ministcre des Transports on a recueilli 69 echantillons d 1eau et d e sedi ­
ments prov c nant de 54 c ours d'eau dans huit regions au cours de l a p eriode 
du 9 juillet au 19 aoat I 971 . A I 5 de ces endroits , on a egalement recueilli 
un l-chantillon de la zone saum~tre du cours d 1eau . Parmi l es facteurs qui 
ont influence l' echantillonnage , la temperature et le trajet du bateau ont ete 
les plus importants. 

A bord du bateau on a analyse les echantillons d 1eau afin d 1en connaitre 
la teneur en radon, oxygene, clacium, le total des cation s bivalents et les 
ions chlorhydriques , et d'en determiner l'alcalinite, 11 Eh et l e pH. Les 
analyses ont demontrc que lcs caux sont essentiellement saturees d 1oxygene 
a la ten1pcrature et a la pression du li e u d' echantillonnage , soit environ 11 
ppm. Les concentrations de radon etaient en general faibles, mais les eaux 
qui provenaient de rl-gions granitiques r enfe rmaie nt des quantites facilement 
discernables de radon. Lc•s essais relatifs a l'alcalinite , au pH, au calcium, 
aux ions bival<'nts et aux ions ch l orhydriques indiqu ent c lairement l e typ e 
dominant de rochcs a travers l esquelles les cours d 1eau passent (e. g. cal­
cairt·s ou granih's ), ainsi que les cas o u il y a eu melange avec l'eau de mer. 

Les resultats d'anal yse demontrent que les cours d'eau dans lesguels 
les l-chantilluns onl l-t{ c ueillis ne contiennent pas de concentrations anor­
male s de Zn , Cu, Pb, Ni, Ag, As, Sb, Mo, U, et Hg a 11 etat de trac e . 

SL'lon l es estimations de couts, l'echantillonnage d es cours d' e au de 
l'Arctique a l 1 aidl' de la methode susmentionnee serait economiqu e si l'on 
apportait quclques modifications appropriees au programme d'echantillonnage 
de I 97 1. 



FEASIBILITY STUDY OF GEOCHEMICAL SAMPLING OF 
ARCTIC COASTAL STREAMS BY HELICOPTER BASED ON A 

DEPARTMENT OF TRANSPORT ICEBREAKER 

INTRODUCTION 

Through the efforts of Dr. H. Blandford, Canadian Hydrographic 
Service, we were able to secure two berths on the icebreaker , "J ohn A. 
Mac donald", for the purpose of d ete rmining the feasibility of sampling 
Arctic coas tal streams on a n opportunity basis using the ship's helicopter. 
The ship was boarded on July 1, 1971 at Dartmouth. During the journey to 
Montreal and during cargo loading operations in Montreal we were able to set 
up and test s eve ral small portable instruments in part of the dentist o ffic e 
which the ship's doctor had been willing to share with us. We set sail for the 
North on July 9 . Afte r a month of shipping support duties in Hudson Strait 
and a cargo stop at Thule, the ship arrive d at Resolute on August 19. Because 
the icebreaker was somewhat b e hind schedule for its annual run to Eureka, 
prior commitme nts forced us to disembark in R esolute before reaching Eureka. 
However , it is b e lieved that sufficient observations were made to evaluate 
this year's test run, and make recommendation for further work . 

SAMPLING AND ANALYTICAL PROCEDUR£S 

The sampling procedure was as fo llows: When the ship was near 
land (i. e. , within 10 miles if moving , and about 20 miles if stationary) and 

the weather good the pilot would, with the captain's permission, take the two­
man party to shore where the streams enter the ocean. As a rule , ve ry littl e 
difficulty was encountered in landing within about 100 feet from the selected 
sample site . Topographic maps with a s cal e of l :250, OOO were found to be 
adequate for ide ntifying individual streams and landmarks. At eac h site a 
250 ml glass bottle and a 1000 ml plastic bottle were filled with water and a 
cotton bag filled with 5 to 8 pounds of sediment. Wh e r e convenient, duplicate 
samples were taken; one from sweet water and one from estuary terrain. 
Where possible, gamma ray counts were obtained from boulders, rock out­
crop and soil using a s c intillometer . Width and d epth of stream, temperature 
and colour of water , intensity and type of vegetation, ro ck type and terrain 
features in the vicinity of the sample site were recorded. Streams we re 
sampled at 2 - to 3-mile intervals keeping abreast of and in radio contact with 
the ship until the pilot indicated the need to return to the ship . Once on board, 
the s edime nts were hung to dry in the he licopter hangar, the one litre samples 
acidified with nitric acid, and the 250 ml samples analyzed for pH, Eh, 
alkalinity radon, oxygen, calcium, total divalent cations, and chloride ions. 

The e s cape tend e ncy of radon and oxygen and the r e latively short 
half-life of radon (tl/2=3. 8d) necessitate that the sample s be analyze d as soon 
as possible. The radon content of the sample s was determined by filling an 
evacuated zinc sulphide (silver-activated) ce ll with air which was bubbled 
through an aliquot of the sample and measuring the alpha activity of this air 
with an alpha particle counter. The partial pressure of oxygen was determined 

Original manuscript receive d: S eptember 6, 1972 
Final version approved for publication: September 15 , 1972 
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with a portable oxyge n analyzer . The pH and a lkalinity we r e de t e rmined using 
a pH meter and titrating t h e sample w ith s t andardize d sulphuric ac id. A 
specific ion meter with the app r op riate electrodes was used to determine Eh, 
calcium, total divalent cations , and chloride i ons . 

The acid ifi ed water samples we re ana ly zed for 12 e l e m ents by the 
Inland Waters Branch, Depa rtment of the Envi r onment using atomic absorp ­

ti on for Zn, C u, Ni , and Hg , colo rimet r y for As, F e , Mn, Cl and F; titrimet ry 
for Ca, Mg , and S04 , and by fluorimetry for U by the Geoc h e mistry Section 
of th e Geological Sur vey o f Canada . The stream sediments were sieved and 
the three fin est fractions (-60+100 mesh, -100+200 mesh and -200 mesh) , 
leached in dilute ni tri c ac id contain in g several drops of HCI, and analyzed for 
13 elements by the Geoc h emistry Section of the Geol ogical Survey of Canada . 

SAMPLIN G AND ANALYTICAL ERRORS 

A numb er of tests were carr ied out in the field and in the Ottawa 
l abora t o ries of the Geoc h emistr y S ec ti o n, Geolog i cal Sur ve y o f Canada to 
determine t h e exten t o f sampl ing and a n a l yt ical er r ors . These tests include 
a simple sc r een analysis o f the s ediments , dete rminati o n o f r e latio nship o f 
trace c lement cont ent and particle size , co mp arison of trace e l ement content 
of water and sediment samples fr om estu ary and sweet wat er zon es , and a 
t est on the accu ra cy o f specifi c i on elect r odes for calc ium, divalent cations, 
and c hlo ride . It should b e b o rne in mind that th e reported trace e l e m e nt con­
tents o f sedime nts may for some e l ements be somewh at l ower than that 
actually present becau s e the c h emi cal pre - treatment did not dissolve the 
samples co mple t e ly. 

The simple screen anal ysis was ca rrie d out t o determine the we ight 
size distribution of sediments in th e n o rthe rn coastal streams. The average 
p e r cent age distributio n liste d below only a pprox imate s the actual distribution 
in the stream s b ecause of samplin g bias in favou r o f the fin e r s e dime nts. In 
this parti c ular survey all particles greater than about 2 c m were rejected at 
the site . 

Tyler screen +4 - 4 - 10 - 2 0 - 35 - 60 -100 - 2 00 
mesh +10 +20 +35 +6 0 tl 00 +200 

average >4700 3175 1243 625 332 1 98 11 0 <75 
diame t e r, 
mi c rons 

weight pe r ce nt 25.5 14.4 l 0. 9 16.4 14.0 7.8 6 . 3 4. 7 

The data show two maxima in the size - weight distribution, one near the 4 mesh 
and o n e near the 35 mesh size. From a compar ison of normal and logtrans­
formed data of individual size fractions it is evident that the weight distribution 
of the coarser fracti on s leans toward a normal and the finer fra ct ions toward 
a l ogn or mal distribution. From the tabl ed p erce ntage s one c an s ee that in 
order to ge t about 1 Og of -200 m es h size one will have to collect about 200g of 
sediment on the average. 

The three fine st size fra c tions were analyzed to obtain a measur e of 
the change in trace e lement content with particle size. The results of this 
test are summarized in Table 1. The "t" test for significance expressed in 
probabiliti e s of differe nce between m eans, shows that there are significant 
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TABLE 1 

Comparison of geometric m e ans of trace e lement contents o f 
three screen size fractions from 53 samples 

Variable Mean of mesh size Probability of differe nce 
between means 

-60+100 -100+200 -200 
( 1 ) (2) (3) (1) and (2) (2) and (3) 

fiol. , ml 0.23 0.26 0.30 . 91 . 97 
tln, ppm 21. 1 28.8 38.9 . 99 . 98 
h 14. 1 17. 0 23.9 . 93 . 99 '-'U, ppm 
hb, ppm 2.4 2.8 3.9 . 92 . 99 
Ni, ppm 6 . 8 9.4 13. 8 . 91 . 96 
b e , % 0.64 0,87 1.14 . 99 . 98 
Mn, ppm 82 . 4 121 . 9 185 . 5 . 99 . 99 
~s, ppm* 2.2 2. 7 3. 1 . 99 . 86 
Mo, ppm"' 0.32 0.40 0.44 .89 .40 
u, ppm 0.21 0.29 0.47 . 99 . 99 
H12, nob 9. 7 14. 3 20.3 . 96 . 98 

':' Means are below detection li1nit of analytical method . 

diffe r e n ces in the averageleachedtraceelementcontent between the three size 
fractions analyzed . That the differences in the means aris e from diffe rences 
in particle size and / or nature of sediment is evident from the variable volume , 
that is the volume of 2 50 mg of sediment. The volume of a sample, which is 
m e asured very quickly and easily in a tapered graduated glass tube, gives a 
measure of the combined effect of surface area and organic matter on the 
observed trace element content of the sediment. A third factor, namely the 
acid l each, carried out to bring the trace e lements into solution complicates 
matters further, Being a partial leach, one can expect higher e fficiency of 
element extraction from the finer particles and organic matter. It is thus 
clear that, in order to get a most meaningful site to site comparison it is best 
to analyze a ve ry narrow size fraction of the finest size sediment and use the 
volume o f s e diment as an indicator of organic matter content. Only a few 
samples treated in this report contained visible amounts of organic matter so 
that the change in volume in the three fractions reflects chiefly a change in 
particle size . A better way would be actually to determine the amount of organic 
matter in the sample by ashing. Unfortunate l y, that is too time consuming 
for routine geochemical analyses. 

To find out what effect tidal waters have on the trace element content 
of stream samples, twelve pairs of samples were collected, each pair coming 
from a different site, with one of the samples from each pair out of reach of 
tidal waters and the other within the tidal water zone. The geometric means 
and probabilities of difference in means as derived from the "t" test of vari ­
ables for which the analytical method was sensitive enough are listed in 
Table 2. In waters a significant difference is evident for Cl and Mg only even 
though all the estuary water means are slightly larger. In the case of 
sediments the "t" tests indicate significant differences for all elements 
except U and Zn, with the estuary samples having the l ower means (the 36 
pairs were obtained by pooling 12 pairs from three screen size fractions). 
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TABLE 2. 

Compa r is o n o f geom e tri c m e ans fr o m swee t and e stuary sample pairs. 
(O n l y va ria b l e s we ll a b ove the d e t ec tion limit o f analyti c al m e thods ar e liste d) 

Var i ab l e Xs X B Probability Tr e nd 
S wee t Estuary o f diffe r e n ce (Xs - x B , 

in m e ans 

Wat e r samEle s; 11 Eairs 

Rn , pc /I 2. 96 3. 1 9 • 09 -
pH 7.02 7. 01 .0 5 + 
A l kali ni ty , ppm 5. 1 5. 5 . 13 -
0 2 , ppm 11. 2 11. 3 . 1 9 -
Eh, mv 18 3. 184. . 21 -
Temperatur e , OF 42.3 42. 5 . 04 -
Zn, ppb 2. 3 2. 5 . 18 -
Cu , ppb 1 . 6 2 . 1 . 7 6 -
Ni , ppb 4. 1 4. 1 .09 0 
Ca , ppm 1. 4 1 . 6 .24 -
Mg , ppm o. 7 2 . 2 . 84 -
Cl , ppm 2 . 3 6 . 6 . 89 -
Fe , ppm 0.0 5 0.0 7 . 34 -
Hg , ppb 0.0 6 0.0 6 .44 0 
SOa , ppm 6 . I 7 . 9 . 51 -

Sediment samEles ; 36 Eairs 

Volume of 250 mg , ml 0. 24 0. 21 . 99 + 
Zn , ppm 32 . 4 24 . 9 . 89 I + 
Cu , ppm l 7 . 7 12 . 6 • 99 I + 
Ni , ppm l l . 4 7 . 8 . 97 + 
Mn , ppm 194 . l 35 . . 96 + 
Fe , ("° I' . 1 3 0. 84 . 98 + 
u , ppm 0 . 27 0 . 24 . 50 + 
H2 , nnb 12 . 4 5 . 7 • 98 + 

Once again the variable volume seems to g i ve a clue to t h e cause of t h e d if­
fere n ce , indicating that the samples fr om· th e estuar y zone were coar se r 
and/ or conta ined less organic matter th an the sample s from the swee t wat er 
zone , and hence had a lower trace element content. The mechanical action 
of tides is no doubt respons i ble for carrying t h e li ghter and fi n e r sedimen t 
particles away from the mouth of t h e stream, alth oug h o n e can also expect 
a leaching effect by the salt b r ines on elements such as Ag , Co , Cu , Ni w hi ch 
form complexes with Cl . 

The differences in means shown in Tables 4 and 5 do not ag r ee w i t h 
those shown for the pairs . However , these tables include all val ues from a ll 
sites - including the twelve pairs and there f ore are not st r ictly compa rab l e . 
Jt is also probable that rnore than 16 estuary sites were sampl ed without 
knowing it . 

As a check on the usefulness of the spec ific ion electrodes , the Ca, 
Mg , and Cl values obtained with electrodes on board ship were compared to 



Location 

Barrier Inlet, 
Hudson Strait 

Churchill R., 
Churchill, Man. 

George R., 
Ungava Bay 

Bue rger Pt., 
Frobishe r Bay 

Chase Is., 
Frobisher Bay 

York R., 
Frobisher Bay 

Deception B., 
Hudson Strait 

Hop e Monument 
Devon Is. 

Croker Bay, 
De von Is. 
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TABLE 3. 

On-site observations of sampled are as 

Special Remarks 

Steeply dipping, contorted metamorphic rock, well 
worn hills and granite gneiss boulders. Iron staining 
on outcrop . Sediments difficult to collect. Fast 
flowing cold streams, high tides. 

Low lying, swampy terrain with few outcrops . Lime­
stone and dolomite in sedimentary rocks, also large 
granite gneiss boulders. Evidence of glac iation, till. 
Organic matter in sediments. Yellow water . 

Hilly but glacially eroded region. Giant granite gneisE 
boulders in streams. Fast flowing streams. Clay 
sediment appeared to contain tiny flecks of pyrite , 
muscovite. 

Steep, mountainous terrain. Extensive weathering , 
talus slopes. Difficult landing close to sample site. 
Some iron stain, granite gneiss boulde rs. Clay boils. 
Steeply dipping, stratified sedime ntary rocks . Low 
tundra vegetation. 

Low relie f, rugged hills. Numerous land-locke d lake i 
fed from meltwater. Mu c h weathering , talus from 
cliff sides, granite bedrock, cracked and split. Iro n 
banding visible from air on two small islands south of 
southe rn end of Chase Island. 

Steep terrain, deep wide valley, typical d e lta, alluvial 
deposition. Large amount of sand, gravel , small 
boulde r deposits. Fast flowing river fed by glac ial 
meltwater. Cold, milky-coloured water in streams 
near ice fields. 

Well-de ve loped rive r valley . Much g lacial debris , 
boulders - g ranite gn ei ss, quartz , gree nstone . P eg ­
matite dyk es near e ntranc e of bay. Hilly land, river 
meanders at mouth, flood plain and outwash at delta. 
Till, gravel overburden. Hills well rounded . 

Low r e li e f, smooth surface near shor e , steep moun­
tains and i ce fie lds farther inland. Poorly developed 
stre ams. Garnetiferous boulders, pink sand in spots, 
quartzlike bedrock; o livine (?) ve ins. Little vegeta ­
tion, liche ns. 

Very low flat r e lief near Cape Home. Soft soggy clay 
with angular lime stone o r dolomite fragments. 
Smaller streams dry. Dolomite in streams more 
rounded towards west from Cape Home . Banded 
horizontal formations, some with Fe. Relatively large 
prominent Fe staine d area (gossan?) on east side , 
halfway into Powell Inlet • . 



- 6 -

the values obtained by the laboratory of the Inland Waters Branch, Department 
of the Environment, The geometric means of results of all samples by the 
two methods, probabilities of difference in means as obtained from the "t" 
test, and correlation coefficients of elements between methods are listed below. 

Ca Mg Cl 

Specific ion electrode means 1. 2 1. 3 14,8 
Inland Waters Branch laboratory means 3.8 1, 7 7. 1 
Probability of difference o. 99 0.62 0.97 
Correlation coefficients 0.95 0.90 0.83 

Assuming that the Inland Waters Laboratory results are more accurate, it is 
evident that the electrodes , although they were calibrated frequently during 
analysis, give poor accuracy, Oddly enough, the Mg value , which was obtained 
by difference using the M++ and the ea++ electrodes , gives the best agree­
ment. It seems a fortuitous coincidence though since ea++ is so far out . The 
correlation coe fficients indicate that there is good corresponden ce between the 
two methods, i. e., both methods give essentially the same trends in the con ­
centrations although at somewhat different levels. Hence e l ectrode s are accept­
able where only trends in concentrations are desired, but require improve­
ment for absolute determinations. 

DISCUSSION 

During the period July 9 to August 19 , 69 water and sediment sample s 
from 54 streams were collected from 5 different regions. To do this, 9 flights 
totaling 17 hours were made, giving a sampling rate of a little over 3 sites 
per hour. The approximate location of the sampled areas are marked by 
circles in Figure 1. Also shown in dark outline are the coastal areas which 
could be sampled using icebreakers as bases when they stand by far shipping 
support in the Arctic. More exact sample site locations are marked on 
Figure 2. The lower number refers to the estuary sample and the upper to 
the sweet water sample. On-site observations are noted in Table 3. The 
analytical results are summarized in Tables 4, 5 and 6. For the ecologist 
and the prospector they may be summarized in one sentence; the sampled 
streams contain normal amounts of those elements measured; no geochemical 
anomalie s were detected. 

Ice conditions determined, to some degree, the area of operations and 
schedule of the icebreaker even though an overall route and schedule had 
b een prepared at the beginning of the season. Its first duty, of course , was 
to escort merchant vessels through ice. Cargo l oading was next on the list of 
priorities. Hydrographic work carried out on an opportunity basis followed 
in priority. Geochemical sampling was fitted in around these activities as the 
opportunity presented itself. Favourable sampling conditions depended onrriany 
things. Of most important consideration were the ship's distance from land, 
and the weather . When the ship was within 10 miles of land and the weather 
good , sampling was no problem, During very good days and with the ship on 
stand.by within twenty miles of land, sampling was also carried out. Heavy 
ice conditions slowed the icebreaker down, thus favouring sampling in some 
instances. Mail, cargo, and ice observation trips took only a small portion 
of the helicopter's time during otherwise favourable sampling conditions . In 
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Figure 1. Areas in wh· h (circles) i c streams wer D" . and possibl e sampled 
istricts of F e coastal sa l" ranklin and K mp mg eewatin. 
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areas (d t season 

o ted line)' 
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TABLE 4 
Geometric means of variables. of water samples from 52 sweet and 

15 estuary water zone sites. Concentrations in ppb unless stated 

Variable Sweet water Estuapy water 

- -x Log S x Log S 

Alkalinity 13, 220 . 72 10,640 . 63 

Arsenic 3.4 • 32 2. 5 . 21 

Calcium 3, 780 .70 3, 740 . 77 

Chlorine 5,860 . 68 13,500 . 11 

Copper 1. 9 . 15 1. 9 . 25 

Eh, mv 180 . 11 185 .04 

Fluorine <:Se> - <50 -
Iron 80 . 56 61 . 57 

Magne s_ium 1, 550 . 61 2,430 . 95 

Manganese <10 - <10 -
Mercury . 08 . 23 . 07 . 26 

Nickel 3. 6 . 25 3. 9 . 24 

Oxygen, ppm 1 o. 5 . 11 11. 5 • 06 

pH 7.29 .043 7.28 .036 

Radon, pc/ 1 2. 1 . 51 3. 0 .65 

Sulphate 8, 140 .38 1 3. 1 00 . 67 

Temperature, o F 48.5 .09 42.9 ;09 

Uranium <.2 - <.2 -
Zinc 2.4 .25 2, 2 . 27 

fact, it was possible to sample during the mail runs if the load was not too 
big. The co-operation and goodwill of the captain, the pilot, and the officers 
was, of course , absolutely es s ential for the success of the sampling program. 

The streams we re generally cold,. fast flowing, and shallow with a pre -
ponderance of large granite gneiss boulders in the b e ds. Near ice fields the 
beds were short and V-shaped with an abundance of sediment at the mouth but 
very little upstream, suggesting torrential floods during part of the seasonal 
cycle , Vegetation was sparse or nonexistent. Huge talus slopes and the 
abundance of sediment in the mouth of the stream on the other hand suggest 
that erosion is quite extensive at these latitudes. The determination of rock 
type at the sampling sites turned out to be more difficult than anticipated. At 
most sites good outcrops were not even encountered, at least, not within easy 
walking distance of the landing site. However, the gamma ray count and the 
radon count together with the other tests of the waters gave an indication of 
the rock type (see Table 6). Limestone and dolomite in the drainage basin 
gave marked increases in pH, alkalinity, Ca, Mg and Cl in the waters. 
Granitic terrain would generally show up in higher radon and gamma counts. 
All waters were found to be saturated with oxygen at the temperature and 
pressure prevailing at the sample site. Although the analytical r e sults are 
valid and informative, the e ffort and skill required to obtain them on board 
ship more than offsets the information gleaned from them if fewer than 100 
samples are involved. All but the radon values could also be obtained by ship­
ping a small sample to headquarters for analysis when the ship stops for mail 
or cargo. 
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TABLE 5 
Geometric means of variables of -200 mesh sediment samples and 

of site envi ronment fr om sweet and es tua ry wa ter zone sites 

Variable Sweet water site Estuary water site 
se< iments sediments 

N o . of No. of - -
sample s x Log S samnlee x L oi;( S 

!Antimony, ppm 53 <5 - 16 < 5 -
!Arsenic , ppm 53 3. 1 . 25 14 3.8 .26 
Copper , ppm 53 23.8 .29 16 16. 8 . 26 
Iron, % 53 1. 14 . 27 16 1.08 . 24 
Lead , ppm 53 3. 9 .28 16 5. 5 .46 
Manganese , ppm 53 185 .34 16 199 .32 
Mercury, ppb 53 20. 3 . 30 14 19. 3 . 1 7 
Molybdenum, ppm 53 0.4 .39 14 . 5 .42 
N ic k e l, ppm 53 13. 8 .44 16 11 . 1 . 30 
Silver , ppm 53 <0.4 - 16 <O. 4 -
Tungsten, ppm 53 <2 - 16 <2 -
Uranium, ppm 53 0. 4 .43 16 o. 3 . 33 
Volume o f 250 mg, ml 53 0. 30 . 14 15 0.23 .07 
Zin c , ppm 53 23 . 8 .2 9 16 31. 6 . 32 

Depth of stream, ft. 53 1. 1 . 33 16 0.9 . 37 
Width of stream, ft . 47 34. 7 . 52 16 85 . 5 . 60 
Flow rate , r e l ative 53 moderate 16 low 
L eve l of water , relative 52 normal 16 slow 
B oulder cover ing of 

stream bed, % 52 27 . 52 16 36 . 33 
Gamma ray activity 

- boulde rs , u,R/H 31 7 . 8 . 27 10 5.0 . 18 
- outcrop , J.R/ H 8 5. 8 .29 l 3.0 -
- soil , u,R /H 34 5. 4 . 1 9 5 5. 1 . 10 

R elie f of a re a , de 11:r. 53 19 . 22 16 27 . 18 

Correlation coeffic i ents of log transformed data with significance at the 
95 per cent probability level show in general that as the pH, alkalinity, Ca, M g , 

Cl , and S04 contents of sweet wate r increases the Zn, Cu , and Ni conte nt of 
water and sediment decreases , even though there is positive co rrelation of 
these e l e ments between the two phases , i . e ., equilibrium conditions are 
approached between wate r and sediment constituents. In other wo rds, the 
waters and sediments from the limestone areas contain lower con centrations 
of th e se elements than from granitic areas e nc ountered in this work. An 
in c rease in Fe and Hg in waters from lime stone areas, on the other hand is 
accompanied by a decrease in the se e lements in the sediments, suggesting 
that the "h a r d" waters are able to l e ach these e l ements from the sediment. 

The variable volume , which gives an indirect measure of the surface 
area a nd o r ganic matter of the s e diment gives positive correlation with Hg, 
U , Zn , Cu , in sediments with probabilities of significance of 1. 00 , . 99, . 99 , 
and. 89 respectively . The implication of these corre lations is that these 
elements arc mor e strongly adsorbed than is Ni, for instance , which shows 
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no si g nifi cant co rre l atio n with volume, It is difficult to explain the observed 
pos i t i ve co rr e lation betwe e n vo lume and H g in water unless one assumes that 
H g in streams is mainl y there as a humic a c id compl ex : humic acids result 
from t h e slow breakup of organic matter and are soluble in natural waters. 
They a r c extremely e fficient i on 11 gette rs" compared to clays and other min­
eral s urfaces in stream sediments . Only when all adsorption sites are 
occupied by i ons do humi c acids prec ipitate . Such saturation rare ly occurs 
in n ature , he n ce o nce libe rated fr o m the organic de bris in th e s e diment, the 
humi c ac id could ca rry strongly adsorbed trace e lements with it into solution. 
Eve n th ou gh t h e obse rve d co rre lations confirm in a general way chemical 
princ iples , they are r e ally not str o ng e nou gh nor is the numbe r of sampl e s 
la r ge e n ough to wa rrant more complex mathematical treatme nt of the data. 

It cost$1 l3 to collect a water and -s e dime nt sample and c arry out 9 simple 
a nalyse s on the wate r sample o n board ship . This co st includes $95 per hour 
of h elicopte r time , and salari e s , r oom and board, and trave l and fr e ight 
be twee n Ottawa and ship for one r e s e ar c h scientist and one student assistant. 
Because the ship was not diverte d o r d e layed fr o m its n or mal course , no co st 
allowance h as been made for the operation of the ship. Naturally, the officers 
and heli copter c r ew gave of the ir time fr ee of char ge to make the sampling 
possible . It appears t hat with ce rtain c han ges in the procedure the co st p e r 
site o f t h e ship-based m e thod could e asily be c ut in half. For example , the 
add it ional e ffort a nd co s t r e quir e d to obtain imme diate analy tical r e sults on 
board ship is not wa rr anted in v iew of the small number o f samples that can 
be co llected in any one season . Such analytical work could be done in the 
Ottawa lab oratorie s by shipping samples during stops made by the ship t o col ­
l ec t mail. 

CONCLUSIONS AND RECOMMENDATIONS 

The test showed that it is feas ible to sample Arctic coastal stre ams on 
an opportunity bas is using the h elicopter on board an i ce breake r. Altho u g h the 
co st p e r sample site o f this yea r's test was highe r than the e stimate d cost of 
con ventional methods , c hanges in t he pr ocedur e sho uld r e sult in conside rable 
co st reduc tion, making the ship method competitive with conventional m e thods. 

N o significant mineralization was outlined by the analytical r e sults of 
the s a mples , i. e ., variations and l eve l s of trace e l e ment conte nts were l ow, 
although mathematically signifi cant diffe r e n ce s in certain trace · e l e m e nts were 
observed d e p e nding on particle size o f sedime nt, position o f sample site, 
(e . g . sweet o r estuary water zo n e ) and m e thod of analysis. 

On the b a sis o f this fe asibility study, it is evident that , by o mitting the 
laboratory and putting only one expe rie nced stude nt on a ship f o r the summer 
months, the method is an attractive and economical way o f collec ting geo ­
chemical information from the Arct ic co astEne - a r eg ion where n o rmal fie ld 
operations are ve ry expensive . 

The value de rived from such a program, if prope rly p lanne d and a cce pte d 
by a ll parties involved , would b e considerable, and we ll within co sts of con­
ventiona l sampling m e thods. The information obtained from these sample s 
would n ot only indicate mineralization but also s e r ve as background data for 
possible pollution control m e asure s at some future date. 
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